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DESCRICAO DA DISSERTACAO PARA LEIGOS

O monitoramento da carga de treinamento ¢ um termo que acolhe diversas estratégias utilizadas
para monitorar se o atleta estd cansado fisicamente ou mentalmente. E muito importante no
esporte atual devido ao grande nimero de competigdes e permitir ajustes na quantidade de
treinos ou jogos para cada atleta. Considerando o voleibol, é provavel que um atleta aumente
seu risco de lesdo caso continue a jogar varios minutos por jogo sem considerar sua condi¢ao
fisica e mental. Essa lesdo afastaria o atleta dos treinos e competigdes por algum tempo,
possivelmente prejudicando a equipe financeiramente e piorando o rendimento na competigao.
O monitoramento da carga de treinamento permite a comissao técnica verificar o risco para esse
atleta e informar ao treinador se ele precisa jogar menos tempo ou até mesmo ndo participar de
um jogo. O atleta também pode ser encaminhado para um trabalho preventivo mais especifico
com o preparador fisico e fisioterapeuta. Dado a importancia do monitoramento da carga de
treinamento, buscamos na literatura cientifica quais sao as principais medidas utilizadas para
monitorar a carga de treinamento dos atletas de voleibol de quadra e praia. Encontramos que a
percepgao do esforgo relatada pelo atleta, medidas de bem-estar e recuperagao, e a frequéncia
cardiaca sdo as principais informagdes utilizadas para mensurar o quanto o atleta ficou cansado
no voleibol de quadra e praia. J& a altura de salto, a quantidade de saltos realizados, e a
velocidade e agilidade, sdo as principais medidas usadas para verificar o quanto o atleta se
esfor¢ou no voleibol de quadra. No voleibol de praia, os treinadores observam principalmente
a altura de salto, as a¢des proprias do jogo (saques, bloqueios, ataques etc.) e as taticas. Pode-
se concluir que os treinadores utilizam medidas véalidas, porém poucos verificam as agdes
proprias do jogo e as taticas a0 mesmo tempo. Observar também as acdes proprias do jogo € as
taticas pode ajudar os treinadores a aproximar o monitoramento da carga de treinamento da

demanda real suportada pelos atletas durante o treinamento ou competicao.



RESUMO

Os esportes coletivos exigem um otimo comportamento interacional entre os jogadores do
mesmo time frente aos jogadores do time adversario, o que caracteriza um microssistema social.
Essa dindmica complexa derivada das demandas fisicas, mentais ¢ ambientais ¢ parte chave no
ganho da performance individual e coletiva, e na reducdo do risco de lesdo. No voleibol indoor
e praia essa relacao se estreita devido ao niumero de atletas em jogo e a velocidade da partida,
manter o fator tatico depende da interacdo sincronizada dos atletas dentro desse microssistema
social. Essa necessidade de preservar e melhorar a performance da equipe acarreta a
necessidade de um sistema para monitorar as demandas exercidas sobre os atletas. Esse sistema
pode ser divido na organizagdao do treinamento, qualidade e quantidade, sob o termo carga
externa; e as bases psicofisiologicas, coletivamente classificados como carga interna. Contudo,
mesmo que o monitoramento da carga de treinamento seja largamente pesquisado, algumas
informagdes ainda nao estao disponiveis na literatura. Dado a especificidade da medida de carga
interna e externa no contexto do voleibol indoor e praia, € imprescindivel saber quais e o quanto
cada medida esta sendo utilizada nos dois esportes. Nos objetivamos descrever as medidas de
monitoramento da carga de treinamento utilizadas no voleibol indoor e praia. Pesquisamos nas
bases de dados on-line, tais como MEDLINE, Scopus, SportDiscus ¢ Web of Science até julho
de 2022. Encontramos 597 registros e descartamos: 222 registros duplicados, 135 devido ao
conteudo do resumo, ¢ 48 ndo recuperados. Excluimos 94 artigos com base nos critérios de
elegibilidade. Apos a triagem foram incluidos 98 artigos. Concluimos que a maioria dos estudos
no voleibol de praia e indoor utilizaram a RPE, o monitoramento da recuperacdo e bem-estar e
a frequéncia cardiaca para medir a carga interna. No volei de praia usou-se principalmente a
altura de salto para medir a carga externa. No voleibol de praia utilizou-se altura de salto,
numero de saltos, e velocidade e agilidade como os principais métodos para medir a carga
externa. Dado o exposto nos nossos resultados, ¢ importante constatar como os métodos estao
sendo utilizados na pratica didria. Futuras pesquisas de campo podem verificar como as
principais métricas sdo utilizadas no dia a dia pela comissdo técnica, comparando com a
recomendacoes da literatura.

Palavras-chave: voleibol; frequéncia cardiaca; lesdes do esporte; analise quimica do sangue;

prevaléncia.



ABSTRACT

Team sports require an optimal interactional behavior between players of the same team and
players of the opposing team, which characterizes a social microsystem. This complex dynamic
derived from physical, mental and environmental demands is a key part in the gain of individual
and collective performance, and in reducing the risk of injury. In indoor and beach volleyball
this relationship becomes closer due to the number of athletes and the speed of the match,
maintaining the tactical factor depends on the synchronized interaction of the athletes within
this social microsystem. This needs to preserve and improve the team's performance entails the
need for a system to monitor the demands supported by the athletes. This system can be divided
into the training organization, quality and quantity, under the term external load; and the
psychophysiological bases, collectively classified as internal load. However, even though load
control is widely researched, some information is still not available in the literature. Given the
specificity of internal and external load measurement in the context of indoor and beach
volleyball, it is essential to know which and how much each measure is being used in the two
sports. We aimed to describe the load control measures used in indoor and beach volleyball. We
searched online databases such as MEDLINE, Scopus, SportDiscus, and Web of Science
through July 2022. We found 597 records and discarded: 222 duplicate records, 135 due to
abstract content, and 48 not retrieved. We excluded 94 articles based on eligibility criteria. After
screening, 98 articles were included. We concluded that most studies in beach and indoor
volleyball used RPE, recovery and wellness monitoring, and heart rate to measure internal load.
In beach volleyball mainly jump height was used to measure external load. In beach volleyball
used jump height, number of jumps, and speed and agility as the main methods to measure
external load. Given the above in our results, it is important to see how the methods are being
used in daily practice. Future field research can verify how the main metrics are used daily by
the staff, comparing with the literature recommendations.

Keywords: volleyball; heart rate; athletic injuries; blood chemical analysis; prevalence
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1 INTRODUCAO

1.2 O esporte coletivo e suas particularidades: o caso do voleibol

O esporte de alto rendimento exige que o jogador esteja em boa condicdo para lidar com
as demandas provenientes do organismo, da tarefa e do ambiente (NEWELL, 1986). Considerar
essa interseccionalidade leva a uma tomada de decisdao mais fiel a realidade quando comparada
a programas de treinamento que exacerbam as caracteristicas fisicas como a unidade
determinante, o que vai de encontro ao estado da arte na ciéncia do esporte (GABBETT et al.,
2019). Os esportes coletivos acrescentam uma camada de desafio a gestdo da boa condig¢do do
atleta devido a consideragao de um novo nivel de analise: a interagdo com a equipe.

Os esportes coletivos exigem um 6timo comportamento interacional entre os jogadores
do mesmo time frente aos jogadores do time adversario, o que caracteriza um microssistema
social (LOW et al., 2019). Entender essa dindmica complexa derivada das demandas fisicas,
mentais e ambientais € parte chave no ganho da performance individual e coletiva, e na reducao
do risco de lesao (BITTENCOURT et al., 2016; GOKELER et al., 2018). O voleibol indoor
(IV) e o voleibol de praia (BV) sdo esportes coletivos onde a relagdo do atleta com sua equipe
¢ crucial para o resultado do jogo. Devido ao niimero de atletas em jogo e a velocidade da
partida, manter o fator tatico depende da interagdo sincronizada dos atletas dentro desse
microssistema social (CALDEIRA et al., 2020).

O voleibol possui duas modalidades olimpicas: BV e o IV. O BV é um esporte praticado
em dupla, caracterizado por esforgos intermitentes de alta intensidade durante toda a partida e
curtos periodos que permitem recuperagio (MAGALHAES et al., 2011; MEDEIROS et al.,
2014). Além disso, engloba diversas valéncias fisicas como saltos e mudancas de dire¢ao
(NATALI et al., 2019). O IV preserva essas caracteristicas, porém possui seis jogadores em
quadra. Além das diferencas que envolvem os jogadores, existem as diferencas no nimero de
sets maximos (i.e. 3 para o BV e 5 para o IV) e na superficie de contato (i.e. rigido no IV e areia
no BV).

O fator tatico também muda entre as duas modalidades. O IV possui um esquema fixo
de seis posic¢oes, sendo elas: defesa direita (1), saida de rede (2), meio de rede (3), entrada de
rede (4), defesa esquerda (5) e defesa central (6) (FEDERATION INTERNATIONALE DE
VOLLEYBALL, 2021). Nao respeitar esse esquema posicional acarreta falta de rotagdo para a
equipe. Vale salientar que as posi¢des 1, 6 e 5 possuem restricdes em relagdo ao ataque e ao

bloqueio. Existe importancia tatica nessas posigdes pois no alto rendimento cada jogador possui
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uma especializagdo funcional, tornando-o mais apto a jogar em uma das trés posi¢des ofensivas
ou defensivas. As especializagdes funcionais do IV s3o: ponta, oposto, libero e levantador. O
BV nao possui essa configuracao fixa de posi¢des, ambos os atletas podem atacar e defender
livremente na area de jogo. As especializagdes funcionais do BV sao diferenciadas em defensor

especialista e bloqueador (MEDEIROS et al., 2014).

1.3 Monitoramento da carga de treinamento no voleibol

Com o aumento frequente das lesdes nos esportes profissionais (EKSTRAND;
WALDEN; HAGGLUND, 2016), o monitoramento da carga de treinamento se tornou um dos
principais topicos da ciéncia do esporte (GABBETT, 2016). Para demonstrar o crescimento das
pesquisas sobre monitoramento da carga de treinamento, elaboramos e utilizamos a estratégia
de busca "training load" OR "external load" OR "internal load" na base de dados Medline
(PubMed). Encontramos 4175 resultados, sendo que 56,14% foram publicados apo6s 2017.
Resultados publicados antes de 2010 correspondem a apenas 22,01%.

Esse aumento ndo significa que ao monitoramento da carga de treinamento ¢ creditado
a possivel diminui¢cdo das taxas de lesdes, mas que ¢ considerado uma parte importante do
treinamento (DREW; FINCH, 2016). Considerar o monitoramento da carga de treinamento
como uma parte fundamenta que a comunidade cientifica apresenta sinais de mudanca na logica
newtoniana utilizada para formular suas hipoteses (MACK et al., 2000), seguindo para um
pensamento ndo-linear, multicausal e complexo (BITTENCOURT et al., 2016; POL et al., 2019)
e, portanto, ndo inferindo a causa de eventos multifatoriais sobre um tinico componente.

Essa forma de entender e aplicar o monitoramento da carga de treino vem sendo
aperfeicoado e discutido. Por exemplo, atualmente € possivel monitorar as variaveis ligadas aos
tipos de saltos no voleibol dentro de situagdes contextuais, porém mais de um método sao
necessarios para aproximar os dados da realidade do jogo (LIMA et al., 2019). Avaliar durante
a dinamica do jogo ¢ essencial pois a especificidade da informacao ¢ crucial para quantificar o
estresse psicofisioldgico do atleta durante treinos e competi¢des. O nome “ecoldgico” se refere
a essas mensuragdes que respeitam as caracteristicas contextuais do esporte, provavelmente
embasadas na abordagem ecoldgica a percepcao e acdo (GIBSON, 1986).

Principalmente nos esportes coletivos as mensuracdes ecoldgicas possuem
contribui¢des importantes para o entendimento correto das variaveis de monitoramento. O fator
tatico e técnico torna o comportamento de um Unico atleta mais imprevisivel devido a

possibilidade de interagir com os companheiros de equipe (CALDEIRA et al., 2020). Monitorar
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um atleta apenas fora desse contexto leva a uma informagdo essencialmente incompleta. Ao
contrario, considerar o fator tatico e técnico durante o monitoramento permite um maior
detalhamento da informagdo, tornando a tomada de decisdo provavelmente mais acertada
(UNGUREANU; BRUSTIO; LUPO, 2021).

No IV e BV as agdes técnicas subsequentes tém direta relagdo com as agdes prévias. Os
saltos de ataque e bloqueio diferem em relagdo a aterrisagem e a simetria do movimento
(LOBIETTI et al., 2010). No IV, os atletas do sexo masculino aterrissam de forma unipodal
mais vezes do que as atletas do sexo feminino apds um ataque. Entretanto nas posigdes 1, 2 ¢ 3
os atletas do sexo masculino aterrissam mais em apoio bipodal. As atletas do sexo feminino
aterrissam mais em apoio unipodal apenas na posi¢do 6 (LOBIETTI et al., 2010). No BV, nao
foi detectada diferenga entre os sexos, com ambos aterrissando mais frequentemente com apoio
bipodal apds um ataque. Considerando a posi¢do, os atletas masculinos quando posicionados
no lado direito aterrissaram mais com apoio bipodal ¢ menos com apoio unipodal do pé
esquerdo apos um ataque, em relagdo ao lado esquerdo (TILP; RINDLER, 2013).

No 1V, a aterrissam ap0s o bloqueio ocorre mais frequentemente em apoio bipodal para
as mulheres do que para os homens. Considerando as posigdes, o apoio bipodal para homens e
mulheres ¢ mais frequente quando jogam nas posigoes 2 ¢ 4 (LOBIETTI et al., 2010). No BV,
as atletas do sexo feminino também aterrissam com mais frequéncia em apoio bipodal em
comparagao aos atletas de sexo masculino. Os homens aterrissam mais com apoio bipodal do
lado direito da quadra comparado ao lado esquerdo (TILP; RINDLER, 2013).

Além das diferengas a partir da agdo do proprio jogador, mais informacdes podem ser
extraidas ao considerar o comportamento interacional entre os jogadores. No 1V, ap6s um passe
baixo do levantador (i.e., um passe de baixa pardbola onde o atacante salta entre o interim da
bola saindo da mao do levantador e o pico de sua trajetoria), os jogadores que atacam na posicao
4 aterrissam mais frequentemente com apoio unipodal em relacdo a um passe alto (LOBIETTI
et al., 2010).

Apenas as varidveis de saltos seriam consideradas caso o monitoramento ocorresse
desacoplado da informagdo titica e técnica, ignorando totalmente essas diferencas entre
posicdes, acdes e interacdes. Portanto, ¢ cada vez mais clara a necessidade de levar o
monitoramento para o contexto de jogo. Vale salientar que analises fora do contexto também
sdo uteis em alguns momentos. Mensuragdes psicofisiologicas ou analises bioquimicas podem
ser feitas fora do ambiente de jogo e trazer boas informagdes sobre a prontidao do atleta para

lidar com novas cargas.



20

1.4 Carga externa e interna

Por razdes semanticas e didaticas, a literatura divide a carga de treinamento em duas
variaveis: externa e interna. A organizagao do treinamento, qualidade e quantidade determinam
a carga externa. As bases psicofisioldgicas caracterizam a carga interna (IMPELLIZZERI,
MARCORA; COUTTS, 2019). Sao exemplos de medidas de carga externa: nimero de saltos,
sprints e agdes tatico-técnicas, tempo total de jogo, e altura do salto. A carga interna ¢ medida
através de varidveis psicoldgicas e fisioldgicas, por exemplo: humor (fadiga, confusdo mental,
vigor etc.), tempo e qualidade do sono, percepgdo subjetiva do esforco (PSE), lactato sérico,
frequéncia cardiaca etc.

A carga externa de treinamento nos esportes coletivos pode ser mensurada de maneiras
diversas, entre as quais se destacam os dados de salto, deslocamento, e agdes tatico-técnicas.
Os principais dados de saltos sdo altura, quantidade e tipo. Até pouco tempo os saltos s6 podiam
ser avaliados com ferramentas de alto custo e fora do contexto de jogo, como a plataforma de
for¢ca. Uma plataforma de forga convencional pode chegar a custar mais de $10.000 e pesar
mais de 30kg (BARTLETT et al., 2019). Porém o advento dos aplicativos de smartphones
tornou a avaliagdo dos saltos de baixo custo, portatil, logisticamente possivel, valida e
recorddvel (GALLARDO-FUENTES et al., 2016). J& as mensuracdes dentro do contexto de
jogo foram parcialmente resolvidas pelos acelerdmetros (LIMA et al., 2019).

A avaliacdo do deslocamento dentro do jogo foi facilitada com o advento do sistema de
posicionamento global (GPS) portatil. O GPS tornou possivel quantificar a distdncia maxima
percorrida, medir a velocidade média, e criar limiares de velocidade para diferenciar os tipos
de marcha (caminha vs corrida). O GPS ¢ utilizado para avaliar essas variaveis durante o treino
ou jogo (COUCEIRO et al., 2014) e retorno ao esporte (TABERNER; COHEN, 2018). A grande
maioria dos equipamentos possui integracdo com outras plataformas (smartphones, tablets etc.),
tornando possivel o monitoramento em tempo real.

Para além das diferencas relacionadas a especializagao funcional de cada atleta, muito
comum nos esportes coletivos; o comportamento dos atletas € especificado pelas situagdes de
jogo, tornando a informacdo individual ligada a informacao coletiva (CALDEIRA et al., 2020).
Em uma reflexdo tedrica, a compensagdo reciproca ¢ uma das propriedades dos esportes
coletivos que liga o individuo a sua equipe, refere-se a capacidade de um atleta em aumentar
sua performance para compensar uma contribuicao inferior de outro atleta durante o jogo
(CALDEIRA et al., 2020). Desconsiderar propriedades como a compensacdo reciproca ao

avaliar a performance individual pode gerar uma informagao parcial.
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A perspectiva ecologica trouxe uma nova camada de dificuldade principalmente para a
mensuracdo da carga externa. Por muito tempo os cientistas do esporte acreditaram que
poderiam mensurar a carga externa com testes padronizados e desconsiderar as praticas
contextuais do esporte. Como discutido na sec¢ao 1.3, o método cartesiano de decompor o
problema em partes ndo leva a uma compreensdo geral do atleta quando exposto as situagdes
de jogo (BREARLEY; BISHOP, 2019; FONSECA et al., 2007). Por exemplo, durante o jogo
de IV o monitoramento individual com acelerdmetro considera o niumero e altura de saltos, mas
nao consegue captar as diferengas posicionais e técnicas do salto (LIMA et al., 2019). O uso da
analise do jogo com filmagens ¢ essencial para complementar a informagao.

Em contrapartida as mensuracdes de carga externa; a mensuracdo da carga interna, em
alguns aspectos, exige uma logistica e custo menor devido a validade de escalas e tecnologias
portateis substituirem métodos que oneram mais tempo ou possuem alto custo (BUYSSE et al.,
1989; ROHLEFS et al., 2008). A percepcao subjetiva do esfor¢o (PSE), métricas de humor, sono
e recuperacdo, ¢ a frequéncia cardiaca sao métodos utilizados para a finalidade de quantificar a
carga interna.

Dos trés citados, apenas a frequéncia cardiaca nao ¢ avaliada com a utilizacao de escalas.
Os sensores de frequéncia cardiaca ganharam espaco para essa avaliagdio (SCHUBERT;
CLARK; DE LA ROSA, 2018), permitindo ao fisiologista a observagao em tempo real das
variaveis relacionadas a frequéncia cardiaca (e.g. frequéncia cardiaca maxima, relativa,
absoluta e variabilidade da frequéncia cardiaca). Vale ressaltar que grande parte dos sensores
de frequéncia cardiaca incluem a tecnologia de GPS e a fun¢do de medir a variabilidade da
frequéncia cardiaca.

Apesar de ser um método valido e pratico para acompanhar em tempo real o esforco
demandado pelo atleta, ¢ necessario entender que a frequéncia cardiaca de maneira isolada
informa pouco sobre o real esforco demandado possivelmente devido as particularidades do
sistema cardiovascular. Diferentes pessoas no mesmo percentual de frequéncia cardiaca (e.g.
85% ou 70%) demonstraram diferentes valores do limiar anaerobico individual (87 a 116% e
53 a 85%, respectivamente), variando de valores moderados a intensos (MEYER; GABRIEL;
KINDERMANN, 1999).

O método “PSE da sessao” proposto por FOSTER et al. (2001) ¢ largamente citado na
literatura. Esse método calcula o produto da escala de Borg de 0 a 10 (CR10) com o tempo em
minutos da sessdo de treinamento, tornando possivel mensurar a carga interna em unidades
arbitrarias. Apesar de pratico, ¢ necessario atentar-se para o design da escala, o método de

ancoragem para a resposta e a adaptagao do atleta a escala (HALPERIN; EMANUEL, 2020).
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Instrumentos e recomendagdes inadequadas podem levar a uma mensuragdo enviesada da
percepcao subjetiva do esforco. Mudar a escala original (e.g. adicionar figuras) e usar métodos
de ancoragem vagos (e.g. ndo ligar a pergunta a uma situagao do treino) sdo os principais
causadores de erros na pratica.

Apesar da PSE ser um dos parametros de carga interna mais citados na literatura, outras
informacdes advindas de escalas validadas t€ém galgado seu espaco. As escalas de humor
(ROHLES et al., 2008) e sono (BERTOLAZI et al., 2011; BUYSSE et al., 1989) tornaram-se
importantes instrumentos na avaliagao de atletas (ANDRADE et al., 2016). A avaliagdo do
humor no esporte geralmente ¢ realizada através da “escala de humor de Brunel”, devido a sua
validade para atletas. A escala pontua em 24 itens divididos em seis categorias (i.e. tensdo,
depressdo, raiva, vigor, fadiga e confusdo mental) e gera um escore para cada uma das seis
categorias.

O indice de Hooper ¢ outra escala comum para mensurar humor e estresse
psicofisiolégico no esporte (HOOPER; MACKINNON, 1995; OLIVEIRA et al., 2019). O
indice de Hooper ¢ composto por quatro itens: fadiga, estresse, dor muscular e qualidade do
sono. Os escores para cada item variam de 1 a 7, sendo 1 “muito, muito baixo” e 7 “muito,
muito alto”. Unicamente para a qualidade do sono, o 1 significa “muito, muito ruim” e 7 “muito,
muito bom”. O indice de Hooper ¢ obtido somando os escores dos quatro itens e pode ser
utilizado para acompanhar diariamente as alteragdes de humor do atleta. Entretanto, ¢ muito
importante avaliar também varidveis correlatas ao humor. A qualidade do sono ¢ descrita como
um fator que influéncia e ¢ influenciada pelo humor (WALSH et al., 2020), além de demonstrar
interferir negativamente na vigilia e performance (ROBERTS et al., 2019). Apesar do indice de
Hooper possuir um item destinado a qualidade do sono, ¢ importante considerar mais variaveis,
como: estado, duracdo e eficiéncia do sono.

Mais de 80% das publicagdes revisadas por pares sobre “sono” e “atleta” foi publicada
nos ultimos 10 anos (WALSH et al., 2020). Devido a crescente atencao sobre a importancia da
qualidade do sono, diversos meios de avalid-la comegaram a ganhar notoriedade. O indice de
qualidade do sono de Pittsburgh (BERTOLAZI et al., 2011) avalia a qualidade do sono no més
que precede sua aplicagdo. E composto por 19 itens autorreportados e 5 itens a serem
respondidos pelo colega de quarto, sendo os ultimos 5 itens usados apenas para informagao
clinica. Os 19 itens se dividem em 7 componentes com pontuacdes de 1 a 3, totalizando um
escore global que pode ir de 0 a 21. Valores maiores que cinco correspondem a dificuldades em
dois ou trés componentes (BERTOLAZI et al., 2011).

No meio das tecnologias para avaliar o sono, a actigrafia tem ganhado espago nas
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pesquisas sobre sono e esporte devido a ser uma ferramenta que permite o monitoramento
durante todo o dia. Além de permitir mensurar variaveis que fogem aos diarios e questionarios
do sono, a actigrafia ¢ muito mais pratica € menos onerosa que a polissonografia, esse ultimo
sendo o padrao ouro para monitoramento do sono (WALSH et al., 2020). Normalmente a
actigrafia tem a arquitetura de um relégio de pulso, mas inclui um acelerdmetro que determina
o tempo de sono e despertar através de um algoritmo especifico (WALSH et al., 2020). Contudo,
tem a tendéncia de superestimar o tempo de sono (relativo a polissonografia), subestimar o
despertar (relativo a polissonografia) e a laténcia do sono (relativo a polissonografia e didrio do
sono) (WALSH et al., 2020). E aconselhado a utilizar a actigrafia em conjunto com um diario
do sono para melhorar sua precisdo (ANCOLI-ISRAEL et al., 2015).

Portanto, apesar das diferencas entre a carga interna e externa, ambas devem ser tratadas
como complementares. A carga interna necessita de informacdes sobre o contexto e as acdes do
jogo para ser melhor interpretada. De forma analoga, a carga externa sozinha ndo lida com toda
a dimensdo do atleta. Utilizar diversas medidas de carga interna e externa ajudam a equipe
técnica a visualizar melhor as demandas e necessidades do atleta. Entretanto, essas medidas

devem ser validas e factiveis para uma boa implementagao.

1.5 Justificativa

Mesmo que o monitoramento da carga de treinamento seja largamente pesquisado,
debatido, definido e aplicado, algumas informagdes ainda ndo estdo disponiveis na literatura.
Dado a especificidade da medida de carga interna e externa no contexto do IV e BV, ¢
imprescindivel saber quais e o quanto cada medida esta sendo utilizada nos dois esportes. Ao
entender o atual cendrio de aplicacdo das medidas de monitoramento da carga no IV e BV, sera
possivel fazer recomendagdes para a pratica dos treinadores e direcionar as pesquisas futuras

para as principais lacunas na ciéncia.

1.6 Objetivos

1.6.1 Objetivo geral

Descrever as medidas de monitoramento da carga de treinamento utilizadas no IV e BV.



1.6.2 Objetivos especificos

e Descrever as medidas de carga interna e externa utilizadas nos estudos do 1V e BV.

e Calcular as frequéncias absolutas e relativas de cada medida.

24
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2 MONITORING TRAINING LOAD MEASURES USED IN INDOOR AND BEACH
VOLLEYBALL: A SYSTEMATIC REVIEW

Abstract

Training load measures might allow coaches, strength and conditioning coaches,
physiotherapists and doctors a better decision making. Specifically, in Indoor and Beach
Volleyball, where high-intensity intermittent efforts, jumps, agility, and low recovery times
take place. Many studies utilized load measures to evaluate readiness status or evolution.
Nevertheless, literature does not describe internal and external load measures used in Indoor
and Beach Volleyball. We aimed describe the frequency of internal and external load in Indoor
and Beach Volleyball. Online databases, such as MEDLINE, Scopus, SportDiscus, and Web of
Science up to July 2022 were searched. We found 597 records and discarded: 222 duplicate
records, 135 due to the abstract content, and 48 records were not retrieved. We excluded 94
reports based on eligibility criteria. The screening included 98 reports in this review. We
concluded that most studies in Indoor and Beach Volleyball used RPE, recovery and wellness
tools, and Heart Rate to measure internal load. Beach Volleyball used mostly jump height to
measure external load. However, Indoor Volleyball used jump height, number of jumps, speed
and agility as main methods to measure external load.

Keywords: internal load; external load; training load measures; volleyball

INTRODUCTION

Training load measures might allow coaches, strength and conditioning coaches,
physiotherapists and doctors a better decision making. Specifically, in Indoor Volleyball (1V)
and Beach Volleyball (BV), where high-intensity intermittent efforts, jumps, agility, and low
recovery times take place. 2 In addition, we have consolidated indications in the literature that
point to exercise as a potential agent in the increase of pro-inflammatory cytokines. It can
increase muscle oxidative stress which results in a vicious cycle for elevate inflammation
resulting in increased fatigue mechanisms and loss of performance or overtraining syndrome.®
These particularities become crucial to the right choice of the training load measure.

The Rating of Perceived Exertion (RPE) generally measures the training session intensity on a
0-10 scale. We obtained the training load in arbitrary units by multiplying the result of the RPE
scale and session time through the Session-RPE method.* Another two measures, “monotony”
and “strain” can be calculated by using the Session-RPE method.> All these methods measure

“internal load” that can be defined by a psychophysiological approach.®
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Measures of training organization, quality and quantity define “external load”. Examples of
external load measures are jumps’ and Global Positioning System (GPS)® variables. Jump
variables demonstrated to be the main predictor of the difficulties in participating in normal
training or competitions due to injury, illness or other health problems.® Internal and external
load measures should be used together to generate more information about athletes readiness
status.

Professionals must be careful with Volleyball because it splits into two sports with different
characteristics. 1V and BV do not differ only in number of players (6 vs 2, respectively), but on
the contact surface. Rigid and soft surfaces change the dynamics of land locomotion. Drop jump
increased in a group that trained plyometric jumps on rigid surface, but not in the group that
trained in the sand. However, this can occur due to the specific adaptions caused by the change
in stretch-shortening cycle.'® Coaches have received good information about external load with
drop jump on rigid surfaces, but not in the sand.

Many studies utilized load measures to evaluate readiness status, evolution or sports demand.
Nevertheless, literature does not describe internal and external load measures used in IV and
BV. This information will contribute to analyze the status quo and its validity for measuring
internal and external load. In addition, it is possible to provide information for inquiries,
practice, and possibly prevent overuse injuries.® We aimed describe the frequency of internal
and external load in 1V and BV. We utilized systematic review to find the papers and organize
frequency distribution.

METHOD

Search strategy and eligibility criteria

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (The PRISMA 2020
statement)! was used. PRISMA model that included only databases and registers was adopted.
Online databases, such as MEDLINE, Scopus, SportDiscus, and Web of Science up to July
2022 were searched. These databases are the most widely used for research and systematic
reviews in sports. The search strategy utilized in all databases was linked by Boolean operators
"AND" and "OR". The full search strategy was: (Volleyball OR "Beach volleyball") AND
("Internal load" OR "external load" OR "Training load" OR "Workload" OR "External Training
Load" OR "Internal Training Load" OR "Load management” OR "Training monitoring” OR
"Training monitor” OR "Load Monitor" OR "Load Control" OR "Monitor" OR “Monitoring”).
All articles found had the reference and abstract extracted with EndNote X9 software and were
filtered by reading title, abstract and full texts. To be eligible, studies needed to: a) be published

as original research in a peer-reviewed journal as a full-text article; b) be observational or



27

experimental; c) be conducted in IV or BV; d) be in English. Excluded records a) were not
published as original research in a peer-reviewed journal as a full-text article (conference
abstracts, letter to the editor, books, book chapters, editorials, trial records); b) did not verify
any workload measures; ¢) mixed other sports with IV or BV and did not have different results
for each; d) all types of reviews.

Following PRISMA guidelines, articles were included and excluded according to the PICO
strategy. Included studies used a) 1V or BV athletes with sports experience of more than two
years or playing in professional teams (participants); b) any workload monitoring method
(interventions). Excluded studies a) included only retired athletes or recreational practitioners
who have never participated in a competition or with less than two years of sports experience
(participants); b) did not verify any workload measures. Comparators and outcomes were not
mandatory for the current review.

Data extraction

Two authors (G.S and F.J) applied the eligibility criteria and selected studies for inclusion. They
also extracted and verified data, which was recorded in Microsoft Excel software. Extracted
data included the type of study, number and gender of the sample, sport practiced and training
load measures. Results were expressed in relative and absolute frequencies on each training
load measure. Also, results were separated by sport.

Study quality

Two authors (G.S and A.M) selected five questions in Joanna Briggs Institute Critical Appraisal
Checklist for Studies Reporting Prevalence Data'? to compose quality assessment. Questions
number 3, 5, 6 and 8 were removed. These questions did not influence our outcome because
they dealt with sample size, condition and statistical analysis. Our approach was influenced by
McGuigan, Hassmén 13,

Verification was assigned with yes, no, unclear and not applicable (NA, assuming a maximum
possible “yes” of five items. Four researchers (B.T, E.S, G.C and H.C) who did not participate
in this review evaluated the method quality of the included studies. Each researcher evaluated
one-fourth of the studies.

RESULTS

Study selection

We found 597 records and discarded: 222 duplicate records, 135 due to the abstract content,
and 48 records were not retrieved. We excluded 94 reports based on eligibility criteria. The

screening included 98 reports in this review (Figure 1).



Figure 1 — PRISMA systematic review flow of included and excluded records.
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Our quality analyses revealed that the most checked item ‘was the condition measured in a
standard, reliable way for all participants?'. We also could observe that the item ‘were study
participants sampled in an appropriate way?' was the less checked (Table 3). We expressed

descriptive statistics about score in median, quartiles, and interquartile range (IQR).
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Table 1 — Studies quality assessment by Joanna Briggs Institute Critical Appraisal Checklist for

Studies Reporting Prevalence Data.

Authors

Was the sample Were study
frame appropriate participants
to address the sampled in an

Were the study
subjects and the
setting described

Was the
condition
measured in a
standard, reliable

Was the response
rate adequate,
and if not, was

the low response

target population? appropriate way? in detail? way for all rate managed
participants? appropriately?
Abdaun, Al-Saadi 4 Yes No No No Unclear
Filho, de Andrade 1® Yes Yes Unclear Yes Yes
Bazyler, Mizuguchi ¢ Yes Yes Yes Yes Yes
Busko, Lewandowska ¥’ No Yes Unclear Yes Unclear
Busko 18 Yes Yes Yes Yes Yes
Nogueira, Nogueira *° Yes Yes Yes Yes Yes
Faria, Campos % Yes Yes Yes Yes Yes
de Freitas-Junior, de Sousa Fortes 2 Yes Yes Unclear Yes Yes
Duarte, Coimbra % Yes Yes Yes Yes Yes
Hank, Zahalka 2 Yes Yes Yes Unclear Unclear
Haép, Stejskal % Yes No Unclear Yes Yes
Horta, Filho % Yes Yes Yes Yes Yes
Horta, Bara Filho 26 Yes Yes Yes Yes Yes
Horta, de Lima %’ No Yes Yes Yes Yes
Horta, Reis Coimbra 28 Yes Yes Yes Yes Yes
Kabacinski, Dworak 2° Yes Yes Yes Yes Unclear
Karacabey, Peker ° Yes Yes Yes Yes Unclear
Kovalchuk, Shvets 3 No Unclear No No Unclear
Kulig, Landel 2 Yes Yes No Yes Yes
Lima, Palao Yes Yes Yes Yes Yes
Lima, Lima 3 Yes Yes Yes Yes Yes
Moreira, de Freitas % No No Yes Yes Yes
Moreira, Freitas 3¢ No No Yes Yes Yes
Mrdakovic, Pazin %’ No No Yes Yes Yes
Mroczek, Kawczynski % No No No Yes Yes
Mroczek, Januszkiewicz ° No No Yes Yes Yes
Mroczek, Mackala 4 No No Yes Yes Yes
Mroczek, Superlak 4* No No Yes Yes Yes
Mroczek, Mackata % No No Yes Yes Yes
Oliveira, De Jesus *® No No Yes Yes Yes
Palao, Lopez 4 Yes Yes Yes Yes Yes
Papadopoulou, Zorzou % Yes No Yes Yes Yes
Maciel Rabello, Zwerver 46 No No Yes Yes Yes
Rodriguez-Marroyo, Medina 4 No No Yes Yes Yes
Saavedra, Porgeirsson Yes Yes No Yes Yes
Skazalski, Whiteley 4 No No Yes Yes Yes
Stanganelli, Dourado *° No No Yes Yes Yes
Tavares, Simoes 5! No No Yes Yes Yes
Pinto, Junior %2 No No Yes Yes Yes
Bazyler, Mizuguchi %3 No No Yes Yes Yes
Busko % Yes NA No Yes NA
Carvalho, Vieira % Yes Unclear No Unclear NA
Castello, Reed 56 Yes Unclear Yes Yes Unclear
Debien, Mancini %7 Yes Unclear Yes Yes Yes
Francesca, Matteo 58 No No No No NA
de Freitas, Nakamura %° Yes Unclear Yes Yes Yes
Gonzalez, Urena ©° Yes Unclear Yes Yes NA
Gouttebarge, Barboza & Yes Yes Yes No Yes
Horta, Bara % Yes Unclear Yes No Unclear
Kraft, Laurent & Yes Unclear No Yes Unclear
Lehnert, Stejskal 54 Yes Unclear No Unclear Unclear
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Lupo, Ungureanu ©° Yes Unclear Yes Yes Unclear
Manzanares, Ortega ¢ Yes Unclear Yes Yes NA
Brandao, da Cunha %7 Yes Unclear Yes Unclear Unclear
Mendes, Palao 58 Yes Unclear Yes Yes Unclear
Pelzer, Schmidt ° Yes Yes Yes No Unclear
Roy, Comtois 7 Yes Unclear No Yes Unclear
Roy, Caya " Yes Unclear No Yes Unclear
Skazalski, Whiteley 7 Yes Unclear No Yes Yes
Timoteo, Seixas 7 Yes Yes No No Unclear
Visnes and Bahr Yes Yes Yes Yes Yes
Vitale, Banfi 7® Yes Unclear Yes Yes Yes
Vlantes and Readdy Yes Unclear Yes Yes Yes
Yerlan, losif 77 Yes Yes NA Yes NA
Suchomel, Sole @ Yes Yes Yes Yes Yes
Nikolaidis, Busko 7 Yes Unclear Yes Yes Yes
Dias, Frollini Yes Unclear Yes Yes Yes
Timoteo, Debien 8! Yes Yes Yes Yes Yes
Lima, Palao & Yes Yes Yes Yes Yes
Kavanaugh, Mizuguchi 8 Yes Unclear No No Yes
Martinovi¢, Dopsaj & Yes Yes Yes Yes Yes
Andrade, Fernandes % Yes Yes Yes Yes Yes
Garcia-de-Alcaraz, Ramirez-Campillo & Yes Yes Yes Yes Yes
Andrade, Simim & Yes Yes Yes Yes NA
Eliakim, Portal 88 M Yes Yes Yes NA
Fortes, Freitas ° Yes Yes Yes Yes Yes
Hank, Maly % Yes Yes Yes Yes Yes
Aoki, Arruda Yes Yes Yes Yes Yes
Jimenez-Olmedo, Pueo % Yes Yes No Yes Yes
Clemente, Mendes % Yes Yes Yes Yes Yes
Freitas, Nakamura % Yes Yes Yes Yes Yes
Rauch, Loturco % Yes Yes Yes Yes Yes
Berriel, Costa % Yes Yes Yes Yes Yes
Duarte, Alves ¥ Yes Yes Yes Yes Yes
Altundag, Akyildiz % Yes Unclear Yes Yes NA
Coyne, Coutts % Yes Yes Yes Yes NA
Damji, MacDonald 1% Yes Yes No Yes NA
Edmonds, Schmidt 10 No Yes Yes Yes NA
Haraldsdottir, Sanfilippo %2 Yes Yes No Yes NA
Kupperman, Curtis 1%3 Yes Yes Yes Yes NA
Lima, Oliveira Castro 1% Yes Yes Yes Yes NA
Lopes, Da Silva 1% Yes Yes NA NA NA
Rabbani, Agha-Alinejad % No Yes No Yes NA
Ungureanu, Brustio 27 Yes Yes Yes Yes NA
Ungureanu, Lupo % Yes Yes Yes Yes NA
de Leeuw, van der Zwaard ° Yes Yes No Yes NA
Berriel, Peyré-Tartaruga % Yes Yes Yes Yes NA
Liao and Lij 1° Yes Yes No Yes NA
Frequency “yes” 76 55 72 87 60
Percent “yes” 77.55% 56.12% 73.47% 88.78% 61.22%
Median - - - - -

25 quartile - - - - .
75t quartile - - - - .
Interquartile range - - - - -

NA: not applicable

Table 2 and table 3 show the characteristics of the 1V and BV studies, respectively. One study

appears in the two tables because it has included 1V and BVathletes.*®
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Table 2 — Indoor Volleyball studies characterized by authors, sample and load.

Authors

Sport

Internal load

External load

Abdaun, Al-Saadi 14

Filho, de Andrade
Bazyler, Mizuguchi 16

Busko, Lewandowska ¥’
Busko

Nogueira, Nogueira *°
Faria, Campos %

de Freitas-Junior, de Sousa Fortes 2

Duarte, Coimbra 2
Hank, Zahalka 2

Hap, Stejskal 2
Horta, Filho #®

Horta, Bara Filho 2
Horta, de Lima &

Horta, Reis Coimbra 28
Kabacinski, Dworak 2°
Karacabey, Peker %

Kovalchuk, Shvets 3!

Kulig, Landel *?
Lima, Palao 33

Lima, Lima 34

Moreira, de Freitas 3°

Moreira, Freitas 36

Mrdakovic, Pazin &
Mroczek, Kawczynski 3

Mroczek, Januszkiewicz 3

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

and Basketball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Recovery and wellness
Strength and power
Strength and power

RPE
Heart rate
RPE

Morphological analysis
Strength and power
Strength and power

RPE
RPE
RPE
RPE
Recovery and wellness
NA
Heart rate
RPE

NA

Recovery and wellness
RPE
RPE
Recovery and wellness
RPE
NA
Blood analysis
Heart rate
Heart rate
Blood pressure
Morphological analysis
NA
NA
RPE
NA
RPE
Recovery and wellness
RPE
Saliva analysis
Blood analysis
NA
Blood analysis

Reaction time
measurement
NA

Jump height
Speed and agility
NA
NA
NA
Jump height
NA
NA
NA
NA
NA
NA
NA
NA
Distance covered
NA
Jump height
NA
NA
NA
NA
NA
NA
NA
Biomechanical analysis
NA
NA
NA
NA
NA
Jump height
Number of jumps
Number of jumps
Jump height
NA
NA
NA
NA
NA
Jump height
NA
NA

Distance covered



Mroczek, Maékata 4°

Mroczek, Superlak 4
Mroczek, Mackala 4

Papadopoulou, Zorzou *

Maciel Rabello, Zwerver 46

Rodriguez-Marroyo, Medina 4/

Saavedra, Porgeirsson 4

Skazalski, Whiteley 4°

Stanganelli, Dourado *°
Tavares, Simoes >

Pinto, Junior 52
Bazyler, Mizuguchi %3
Busko

Carvalho, Vieira %
Castello, Reed %
Debien, Mancini 7

Francesca, Matteo 58

de Freitas, Nakamura %

Gonzalez, Urena %°

Gouttebarge, Barboza 5!
Horta, Bara 62
Kraft, Laurent 3

Lehnert, Stejskal &
Manzanares, Ortega %¢
Brandao, da Cunha ¢

Mendes, Palao 58

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball,
Beach Volleyball
and others
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball,
Soccer, and
Basketball

Indoor Volleyball
Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Strength and power
Heart rate
Morphological analysis
Strength and power
Heart rate
Morphological analysis
NA
RPE
Morphological analysis
RPE
Heart rate
NA

NA
NA
Heart rate
Recovery and wellness
RPE
Recovery and wellness
RPE
Morphological analysis
Strength and power
Strength and power
Heart rate
Recovery and wellness
RPE
RPE
Recovery and wellness
NA
NA
Recovery and wellness
RPE
Strength and power
Blood analysis
Heart rate
Morphological analysis
RPE
Heart rate
RPE
Recovery and wellness
Heart rate
NA
Recovery and wellness
RPE
RPE
Recovery and wellness
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NA

NA

NA

NA

NA

NA
Jump height

Number of jumps

NA

NA

NA
Questionnaire

Jump height
Number of jumps
Jump height
Jump height
NA
NA
NA
Jump height
Speed and agility
Jump height
NA
NA
NA
Jump Height
NA
Speed and agility
Flexibilty
NA
NA
NA
NA
NA
NA
Number of jumps
NA
NA
NA
NA

Technical and tactical analysis

NA
NA
NA
NA



Roy, Comtois ™

Roy, Caya "
Skazalski, Whiteley 72

Timoteo, Seixas ®

Visnes and Bahr ™
Vitale, Banfi ®

Vlantes and Readdy ¢
Yerlan, losif 77
Suchomel, Sole @

Nikolaidis, Busko ™
Dias, Frollini &

Timoteo, Debien 8!

Lima, Palao &

Kavanaugh, Mizuguchi &

Martinovi¢, Dopsaj &

Andrade, Fernandes %
Garcia-de-Alcaraz, Ramirez-Campillo &
Eliakim, Portal 88

Fortes, Freitas 8°

Aoki, Arruda **

Clemente, Mendes %

Freitas, Nakamura %

Rauch, Loturco %
Berriel, Costa %

Duarte, Alves 7

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball,
Triathlon, and
Soccer
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

RPE
Recovery and wellness
RPE
NA
NA
Recovery and wellness
NA
Recovery and wellness

NA
NA
NA
NA
NA
Heart rate
Recovery and wellness
RPE
Blood analysis
RPE
Monotony
Strain
ACWR
Recovery and wellness
NA
NA
NA
Blood analysis
RPE
Recovery and wellness
NA
Blood analysis
Heart rate
RPE
Recovery and wellness
RPE
Recovery and wellness
RPE
Monotony
Strain
Recovery and wellness
Blood analysis
RPE
RPE
Recovery and wellness
Blood analysis
RPE
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NA

NA

NA

Number of jumps

Jump height

NA
Questionnaire

NA

Speed and agility
Player Load
Training volume
Physical aptitude
Jump height
NA
NA
NA
NA
NA
NA
NA
NA
NA
Number of jumps
Jump height
Jump height
NA
NA
NA
Number of jumps
NA
NA
NA
NA
NA
NA
Jump height
NA
NA
NA
NA
Jump height
Jump height
NA
NA
NA



Altundag, Akyildiz %

Coyne, Coutts %
Damji, MacDonald 1%

Edmonds, Schmidt 11

Haraldsdottir, Sanfilippo 102
Kupperman, Curtis 1%

Lima, Oliveira Castro 1%

Lopes, Da Silva 1%

Rabbani, Agha-Alinejad %

Ungureanu, Brustio 7

Ungureanu, Lupo 8

de Leeuw, van der Zwaard °

Berriel, Peyré-Tartaruga %
Liao and Li %0

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball

Indoor Volleyball
Indoor Volleyball

TRIMP
RPE
NA
NA
RPE
Recovery and wellness
ACWR
Recovery and wellness
Recovery and wellness
HR
HRV
Recovery and wellness
Recovery and wellness
RPE
NA
RPE
NA
NA
NA
HRV
HR
Recovery and wellness
RPE
Recovery and wellness
HR
TRIMP
RPE
HR
TRIMP
RPE
Recovery and wellness
Questionnaire
Recovery and wellness
RPE
Monotony
Strain
RPE
HRV
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NA
Distance covered
Number of jumps
Speed and agility

NA

NA

Jump height
Number of jumps

NA

NA

NA

NA

Player load
Speed and agility
Number of jumps
Number of jumps

Jump height

Technical and tactical analysis
Time

Jump height

NA

NA

NA

NA

NA

NA

NA
Number of jumps

NA

NA

NA
Number of jumps

Jump height

NA

NA

NA

Jump height

NA

RPE: Rate of Perceived Exertion, NA: not applicable; ACWR: Acute Chronic Workload Rate, TRIMP: training

impulse; HRV: heart rate variability.
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Table 3 — Beach Volleyball studies characterized by authors, sample and load.

Authors Sport Internal Workload External Workload
Oliveira, De Jesus * Beach Volleyball RPE NA
Strength and power NA
Palao, Lopez * Beach Volleyball NA Technical and tactical analysis
Lupo, Ungureanu % Beach Volleyball RPE NA
Heart rate NA
Pelzer, Schmidt ® Beach Volleyball Recovery and wellness Number of jumps
Blood analysis Jump Height
RPE NA
Andrade, Simim # Beach Volleyball NA Jump height
RPE NA
Hank, Maly % Beach Volleyball NA Distance covered
Jimenez-Olmedo, Pueo % Beach Volleyball Heart rate Technical and tactical analysis
Saavedra, Porgeirsson 4 Volleyball, Beach Volleyball NA Questionnaire
and others

RPE: Rate of Perceived Exertion, NA: not applicable

Internal load

Most researchers used the Rate of Perceived Exertion (RPE) in IV (44 [48.35%]).% 1> 16.19-22,25-
28, 34-36, 46, 47, 51, 52, 56, 57, 59, 62, 63, 67, 68, 70, 71, 80, 81, 85, 91, 93-100, 103, 104, 106-109 Recovery‘We”ness was

placed second (32 [3516%])9 14, 22, 25, 27, 35, 51, 52, 56, 57, 59, 63, 67, 68, 70, 73, 75, 80, 81, 85, 91, 93, 94, 96, 99-103,

106-108 and Heart Rate (H R) third (18 [1978%])15, 24, 30, 31, 41, 42, 47, 50, 56, 60, 63, 64, 79, 89, 101, 106-108
The complete order of variables is : blood analysis (10 [10.99%]),30 36: 383, 60.80.84,88,94,96 gtrangth
and power (9 [9.89%]),14 17: 18,40, 42,54, 55,59 marphological analysis (7 [7.69%]),6 32 41 42,4653
1 monotony (3 [3.30%]),> 8 % strain (3 [3.30%]),% 8 % TRIMP (training impulse) (3
[3.30%]),%" 107. 18 HRV (3 [3.30%]),10 106 110 acute chronic workload ratio (2[2.20%]),8% 1%
blood pressure (1[1.10%]),%! reaction time (1[1.10%]),® saliva analysis (1[1.10%]),% flexibility
(1[1.10%]),%® and questionnaire (1[1.10%]).°

BV also had RPE as the most used measure (4 [66.67%]).*> © % 8 HR was second (2
[33.33%])% %2 and recovery and wellness (1 [16.67%]),%° strength and power (1 [16.67%]),*
and blood analyses (1 [16.67%]),%° tied for the third place.

External load

Jump height appeared more than any other external load variable in IV (25 [27.47%)]).% 14 16.25
33, 34, 37, 45, 49-51, 53, 55, 57, 72, 78, 82, 83, 94-96, 100, 104, 106, 109 Number of jumps (14 [1538%])9, 33, 34, 46, 49,
62,72, 82, 86, 98,100, 103, 104, 108 9| speed and agility (6 [6.59%])%* 5% 58.76. 98,103 \yere [isted second
and third place, respectively. The complete found variables were distance covered (3
[3.30%]),% 3% % questionnaire (2 [2.20%]),*® ™ player’s load (2 [2.20%]),”® 1% technical and
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tactical analysis (2 [2.20%]),% 1% training volume (1 [1.10%]),”" time (1 [1.10%]),'® and
biomechanics analysis (1 [1.10%]),% respectively.

Jump height (2 [33.33%])% & and technical and tactical analysis (2 [33.33%])** *? led the
external load measures in BV. The other measures stood equal (1 [16.67%]): number of
jumps,® distance covered,® and questionnaire.*®

DISCUSSION

A lot of articles utilized one or more loads monitors variables either for primary or secondary
outcomes. However, what is the most used variable to evaluate internal and external load in
literature remains unanswered. We analyzed the absolute and relative frequency of the
workload monitor variables used in studies that included 1V and BV athletes. We found that
RPE and jump height were the most used variables to measure load directly or indirectly in the
analyzed literature.

The measurement of training load challenges sport science researchers due to the unpredictable
nature of sport. The improvement of physical capacity requires increasing and tolerating
training load. However, increasing training load requires athletes a good prior physical
capacity.!* This circular cause exemplifies the important function of load measurement. For
example, training load can reduce or increase injury rate.*'? Injury rate did not show linearity
behavior with internal or external load. The coach needs to evaluate the training load and decide
based on this information.

Cost, practice, and time may interfere in adherence and use of monitoring tools. RPE is low
cost and the evaluator needs little time to learn to use it. Furthermore, RPE showed to be valid
and reliable among different sports.* However, coaches must pay attention to understand the
scale. For example, do not anchor the number and term in the scale with a relevant event during
the practice can lead to multiple interpretations.’*® These interpretations might confound the
measure validity.

Evaluators should be careful about design, verbal anchors, and modifying instructions in RPE
scale.!™® For example, the Borg CR10 scale can be found in multiple designs and the studies do
not report the design used. Change the design of the validity scale makes unclear the value of
the measure.'*® Even with the scale correctly structured, coaches must be careful how they use
it. The effort planned by the coach and the player's perception of effort in training session can
be a good example. In Volleyball, effort planning and effort perception differ significantly.®
Jump height can be assessed through contact mat, force plates, or smartphone apps.!** The
recent possibility to use smartphone apps democratized and gave more flexibility to measure

jump height because these apps are low-cost compared to contact mat and force plates.!?®
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However, jump height provides more information if measured in the match context.
Considering functional specialization and technical actions enables more description of the
jump. Partially, inertial sensors provide this information, unfortunately smartphone apps
cannot, yet.3® However, inertial sensors have limitations. For example, during indoor volleyball
game individual monitoring with an accelerometer considers the number and height of jumps
but cannot capture positional and technical differences of the jump. It is necessary to
complement the data with video analysis.*

Although inertial sensors can provide jump height, this does not guarantee the ecological
information of the measurement.®® Video analysis and context of the actions are necessary to
avoid biases (e.g., arm position, sport action). Unfortunately, technical and tactical analyses
only appear in 2.20% of the studies on 1V. These lower numbers become more significant due
to the collective behavior of Volleyball 6

The inertial sensor also reports the number of jJumps that can be used to record the volume of
jumps in training or matches. In addition to the number of jumps, IV coaches must divide data
by players' positions and calculate the intensity of the jumps. The difference in jump exposure
among positions affects players with the same number of jumps in different ways. Middle-
blocker performed more jumps than any other position, followed by opposites, outside-hitters,
and setters.2® In the BV, senior players have more jump volume than younger players.>
However, more jump volume should be adjust by intensity. Utilize jump intensity
(jJump/maximal individual jump performed), adjust the jump height to relative effort can be
multiplied by the number of jumps to calculate arbitrary units.®®

Monotony and strain appeared in only two articles.8" * Given the fact that monotony and strain
can be easily calculated from the product of RPE and time (i.e., arbitrary units), we formulated
two hypotheses to explain absolute low frequency of these variables. No variables were found
matching the goal of the current systematic review or these variables have low popularity
compared to RPE.

We showed the most used methods to measure internal and external load. Notably, this review
investigated and ranked by quantities the measures used in literature to assess internal and
external load in IV and BV. However, some limitations are evident: we investigated the use of
internal and external loads by the coaches through database search. Regardless of studies
original aim, we included all studies that used methods to monitor workload. Future works
should verify the prevalence of methods to measure internal and external loads in the sport

practice and compare to our results.
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CONCLUSION

We concluded that most studies in IV and BV used RPE, recovery and wellness tools, and Heart
Rate to measure internal load. BV used mostly jump height and technical and tactical analyses
to measure external load. However, IV used jump height, number of jumps, speed and agility
as main methods to measure external load.
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3 CONSIDERACOES FINAIS

O monitoramento da carga de treinamento aparece como um dos principais topicos na
ciéncia do esporte. Apesar do desenvolvimento da literatura e da aplicagao dessas ferramentas
na pratica das equipes, ¢ necessario sempre refletir sobre a real informacdo que estd sendo
obtida. O uso de ferramentas validas melhora nossa acuracia e precisdo na mensuragdo da
variavel pretendida, porém o valor da métrica obtida ndo reflete necessariamente a abrangéncia
do que ¢ esperado pelos profissionais.

A altura e o numero de saltos aparecem como importantes métricas de carga externa
utilizadas no IV e BV. Porém, principalmente no IV, a andlise tatico-técnica ndo recebe a
atencdo necessaria. Considerar a altura e o numeros dos saltos de forma separada das
informagdes de jogo limita o valor da informacao. Por exemplo, observar apenas o nimero de
saltos em um jogo ndo nos permite necessariamente inferir sobre a demanda de saltos de um
jogador devido a auséncia de uma medida discriminatdria de intensidade e técnica. Considerar
também a altura dos saltos, a acdo técnica e a posicao do jogador aumentam as possibilidades
de inferéncias da medida.

A carga interna também necessita dessa reflexdo sobre o que realmente a métrica esta
informando. A frequéncia cardiaca ¢ um dos mais populares meios de mensurar a carga interna,
mas seu uso individual pode levar a uma mensuragao equivocada do esfor¢o demando pelo
atleta. As escalas também sdo bastantes utilizadas para as mais diversas finalidades. Porém sua
informagdo ¢ vinculada a sua forma de aplica¢do, diminuindo ou impossibilitando a nog¢ao da
validade da medida quando suas recomendagdes iniciais sao deturpadas.

No6s demonstramos as principais métricas utilizadas para monitorar e controlar a carga
de treinamento no IV e BV. Dado o exposto nos nossos resultados, ¢ importante constatar como
os métodos estdo sendo utilizados na pratica didria. Futuras pesquisas de campo podem verificar
como as principais métricas sao utilizadas no dia a dia pela comissdo técnica, comparando com

a recomendacdes da literatura.
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CONTROLE DE CARGA

E provdvel que um atleta aumente seu risco de
lesdo caso continue a jogar varios minutos por
jogo sem considerar sua condi¢ao fisica e
mental. Essa lesdo afastaria o atleta dos
treinos e competi¢des por algum tempo,
prejudicando a equipe financeiramente e
piorando o rendimento na competicao.

CONTROLE DE CARGA

O controle da carga de treinamento € um termo
que acolhe diversas estratégias utilizadas para
monitorar se o atleta estd cansado fisicamente
ou mentalmente, e intervir para garantir sua
integridade fisica.
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OBJETIVO

Dado a importincia do controle da carga de
treinamento, buscamos na literatura cientifica
quais sdo as principais medidas utilizadas para
monitorar a carga de treinamento dos atletas
de voleibol de quadra e praia.

RESULTADOS

Encontramos que a percepcao do esforco
relatada pelo atleta, medidas de bem-estar e
recuperacdo, e a frequéncia cardiaca sdo as
principais  informagdes  utilizadas  para
mensurar o quanto o atleta ficou cansado no
voleibol de quadra e praia.
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RESULTADOS

Ja a altura de salto, a quantidade de saltos
realizados, e a velocidade e agilidade, sdo as
principais medidas usadas para verificar o
quanto o atleta se esforcou no voleibol de
quadra. No voleibol de praia, os treinadores
observam principalmente a altura de salto, as
acoes proprias do jogo (saques, bloqueios,
ataques etc.) e as tdticas.

CONCLUSAO

Pode-se concluir que os treinadores utilizam
medidas validas, porém poucos verificam as
acoes proprias do jogo e as tdticas a0 mesmo
tempo.




APLICACOES

Observar também as agdes proprias do jogo e
as tdticas pode ajudar os treinadores a
aproximar suas medidas de controle de carga
da demanda real suportada pelos atletas
durante o treinamento ou competicao.
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APENDICE B - Infogrifico

INFOGRAFICO

PRINCIPAIS METRICAS UTILIZADAS NO CONTROLE DA CARGA DE
TREINAMENTO NO VOLEIBOL INDOOR E VOLEIBOL DE PRAIA

CARGA INTERNA (QUADRA)
#1 PERCEPCAO SUBJETIVA DO ESFORGO (48.35%)

#2 RECUPERAGAO E BEM-ESTAR (35.16%)
#3 FREQUENCIA CARDIACA (19.78%)

CARGA INTERNA (PRAIA)

#1 PERCEPGAO SUBJETIVA DO ESFORGO (66.67%)
#2 FREQUENCIA CARDIACA (33.33%)

#3 RECUPERACAO E BEM-ESTAR, FORCA E
POTENCIA, E ANALISE DO SANGUE (16.67%)

CARGA EXTERNA (QUADRA)

#1 ALTURA DO SALTO (27.47%)
#2 NUMERO DE SALTOS (15.38%)
#3 AGILIDADE E VELOCIDADE (6.59%)

CARGA EXTERNA (PRAIA)

#1 ALTURA DO SALTO E ANALISE TATICO-TECNICA
(33.33%)
#2 NUMERO DE SALTOS, DISTANCIA PECORRIDA E
QUESTIONARIO (16.67%)

.

* EMPATE

Indoor Praia

Altura do salto

0% 25% 50% 75%

OBSERVAR 0 NUMERO MENOR DE ESTUDOS PARA 0 VOLEI DE PRAIA (8 VS 90)
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ANEXOS

ANEXO A — Checklist principal PRISMA 2020

Location

where item
is reported

TITLE

Title

ABSTRACT
Abstract
INTRODUCTION

Rationale

Objectives

METHODS

Eligibility criteria

Information
sources

Search strategy

Selection process

Data collection
process

Data items

10a

Identify the report as a systematic review.

See the PRISMA 2020 for Abstracts checklist

Describe the rationale for the review in the context
of existing knowledge.

Provide an explicit statement of the objective(s) or
question(s) the review addresses.

Specify the inclusion and exclusion criteria for the
review and how studies were grouped for the
syntheses.

Specify all databases, registers, websites,
organisations, reference lists and other sources
searched or consulted to identify studies. Specify
the date when each source was last searched or
consulted.

Present the full search strategies for all databases,
registers and websites, including any filters and
limits used.

Specify the methods used to decide whether a
study met the inclusion criteria of the review,
including how many reviewers screened each record
and each report retrieved, whether they worked
independently, and if applicable, details of
automation tools used in the process.

Specify the methods used to collect data from
reports, including how many reviewers collected
data from each report, whether they worked
independently, any processes for obtaining or
confirming data from study investigators, and if
applicable, details of automation tools used in the
process.

List and define all outcomes for which data were
sought. Specify whether all results that were
compatible with each outcome domain in each
study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to
decide which results to collect.

Page 1

Pages 2-3

Page 3

Page 3

Page 3

Page 3

Pages 3-4

Page 4

Page 4
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Location

where item
is reported

10b List and define all other variables for which data Page 4
were sought (e.g. participant and intervention
characteristics, funding sources). Describe any
assumptions made about any missing or unclear

information.
Study risk of bias 11 Specify the methods used to assess risk of bias in Page 4
assessment the included studies, including details of the tool(s)

used, how many reviewers assessed each study and
whether they worked independently, and if
applicable, details of automation tools used in the
process.

Effect measures 12 Specify for each outcome the effect measure(s) NA
(e.g. risk ratio, mean difference) used in the
synthesis or presentation of results.

Synthesis methods 13a Describe the processes used to decide which studies NA
were eligible for each synthesis (e.g. tabulating the
study intervention characteristics and comparing
against the planned groups for each synthesis (item

5).

13b Describe any methods required to prepare the data NA
for presentation or synthesis, such as handling of
missing summary statistics, or data conversions.

13c Describe any methods used to tabulate or visually Page 4
display results of individual studies and syntheses.

13d Describe any methods used to synthesize results NA
and provide a rationale for the choice(s). If meta-
analysis was performed, describe the model(s),
method(s) to identify the presence and extent of
statistical heterogeneity, and software package(s)
used.

13e Describe any methods used to explore possible NA
causes of heterogeneity among study results (e.g.
subgroup analysis, meta-regression).

13f Describe any sensitivity analyses conducted to NA
assess robustness of the synthesized results.

Reporting bias 14 Describe any methods used to assess risk of bias NA
assessment due to missing results in a synthesis (arising from
reporting biases).

Certainty 15 Describe any methods used to assess certainty (or NA
assessment confidence) in the body of evidence for an outcome.

RESULTS

Study selection 16a Describe the results of the search and selection Page 4

process, from the number of records identified in
the search to the number of studies included in the
review, ideally using a flow diagram.
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Location

where item

is reported

Study
characteristics

Risk of bias in
studies

Results of
individual studies

Results of
syntheses

Reporting biases

Certainty of
evidence

DISCUSSION

Discussion

OTHER
INFORMATION

Registration and
protocol

16b

17

18

19

20a

20b

20c

20d

21

22

23a

23b

23c

23d

24a

Cite studies that might appear to meet the inclusion

criteria, but which were excluded, and explain why
they were excluded.

Cite each included study and present its
characteristics.

Present assessments of risk of bias for each
included study.

For all outcomes, present, for each study: (a)
summary statistics for each group (where
appropriate) and (b) an effect estimate and its
precision (e.g. confidence/credible interval), ideally
using structured tables or plots.

For each synthesis, briefly summarise the
characteristics and risk of bias among contributing
studies.

Present results of all statistical syntheses
conducted. If meta-analysis was done, present for
each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of
statistical heterogeneity. If comparing groups,
describe the direction of the effect.

Present results of all investigations of possible
causes of heterogeneity among study results.

Present results of all sensitivity analyses conducted
to assess the robustness of the synthesized results.

Present assessments of risk of bias due to missing
results (arising from reporting biases) for each
synthesis assessed.

Present assessments of certainty (or confidence) in
the body of evidence for each outcome assessed.

Provide a general interpretation of the results in the
context of other evidence.

Discuss any limitations of the evidence included in
the review.

Discuss any limitations of the review processes
used.

Discuss implications of the results for practice,
policy, and future research.

Provide registration information for the review,
including register name and registration number, or
state that the review was not registered.

Page 4

Page 5-10

Pages 10-11

NA

NA

NA

NA

NA

NA

NA

Pages 12-13

Page 13

Page 13

Page 13

Page 14
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Location

where item
is reported

24b Indicate where the review protocol can be accessed, Page 14
or state that a protocol was not prepared.

24c Describe and explain any amendments to Page 14
information provided at registration or in the
protocol.
Support 25 Describe sources of financial or non-financial Page 14

support for the review, and the role of the funders
or sponsors in the review.

Competing 26 Declare any competing interests of review authors. Page 14
interests

Availability of data, 27 Report which of the following are publicly available No
code and other and where they can be found: template data

materials collection forms; data extracted from included

studies; data used for all analyses; analytic code;
any other materials used in the review.




Topic
TITLE

Title

BACKGROUND

Objectives

METHODS

Eligibility
criteria

Information
sources

Risk of bias

Synthesis of
results

RESULTS

Included
studies

Synthesis of
results

DISCUSSION

Limitations of
evidence

Interpretation

OTHER

Funding

Registration

ANEXO B — Checklist de resumo prisma 2020

No. Item

10

11

12

Identify the report as a systematic review.

Provide an explicit statement of the main objective(s) or
question(s) the review addresses.

Specify the inclusion and exclusion criteria for the review.

Specify the information sources (e.g. databases,
registers) used to identify studies and the date when
each was last searched.

Specify the methods used to assess risk of bias in the
included studies.

Specify the methods used to present and synthesize
results.

Give the total number of included studies and participants
and summarise relevant characteristics of studies.

Present results for main outcomes, preferably indicating
the number of included studies and participants for each.
If meta-analysis was done, report the summary estimate
and confidence/credible interval. If comparing groups,
indicate the direction of the effect (i.e. which group is
favoured).

Provide a brief summary of the limitations of the evidence
included in the review (e.g. study risk of bias,
inconsistency and imprecision).

Provide a general interpretation of the results and
important implications.

Specify the primary source of funding for the review.

Provide the register name and registration number.
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Reported?

Yes

Yes

No

Yes

No

No

Yes

Yes

No

Yes

No

No




