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RESUMEN

Objetivo: El objetivo de este estudio es conocer el efecto del ejercicio pliométrico

en el rendimiento deportivo en jovenes jugadores masculinos de soccer.

Material y Métodos: Se realiz6 una busqueda sistematica en las bases de datos
de PubMed, EBSCOhost, PEDRO Database, SciELO-(Scientific Electronic Library
Online) y Google Académico, el riesgo de seleccidén en los estudios individuales

fue realizado analizando la calidad metodolégica segun la escala de Pedro.

Estudios incluidos: Fueron incluidos ensayos clinicos en jovenes jugadores
masculinos de soccer que se les aplicaron programas de ejercicios pliométricos,
los cuales fueron comparados con un grupo placebo, cuyos contenidos tienen

como maximo 7 afios de antigiiedad.

Resultados: Se obtuvieron un total de 101 articulos revisados de diferentes
bases de datos, los cuales por un filtro de criterios de inclusion y exclusién donde
se obtuvieron 8 ensayos. Los ensayos clinicos demostraron estadisticamente que
los ejercicios pliométricos comparados con el tratamiento habitual/ placebo tienen

un efecto significativamente favorable en el rendimiento deportivo.

Conclusion: La calidad de la evidencia muestra que el ejercicio pliométrico tiene
un efecto significativamente favorable comparado con el tratamiento

habitual/placebo en el rendimiento deportivo.

Palabras clave: ejercicio pliométrico, rendimiento deportivo, jugadores de soccer,

revision sistematica
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ABSTRACT

Objetive: The objective of this study is to know the effect of plyometric exercise on
sports performance in young male soccer players.

Material and methods: A systematic search was made in the databases of
PubMed, EBSCO host, PEDRO Database, SciELO (Scientific Electronic Library
Online) and Google Scholar. The risk of selection in the individual studies was

carried out by analyzing the method logical quality according to Pedro's scale.

Included studies: Clinical trials were included in young male soccer players who
were given plyometric exercise programs, which were compared to a placebo

group, whose contents are at most 7 years old.

Results: We obtained a total of 101 articles reviewed from different databases,
which by a filter of inclusion and exclusion criteria where 8 trials were obtained.
Clinical trials statistically demonstrated that plyometric exercises compared with
usual / placebo treatment have a significantly favorable effect on sports

performance.

Conclusion: The quality of evidence shows that plyometric exercise has a
significantly favorable effect compared to usual treatment / placebo in sports

performance.

Keywords: Plyometric exercise, sports performance, soccer players, systematic

review.
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1.1.

CAPITULO I: EL PROBLEMA

Planteamiento del problema

Yuri Verhoshansky es el investigador mas destacado en pliometria y que
eventualmente jugd un gran papel en la popularizacion de esta forma de
entrenamiento. “El entrenamiento pliométrico produce resultados evidentes en
deportes que requieren saltar y tener agilidad. La URSS y el Bloque Oriental han
estado empleando ejercicios pliométricos desde 1960, sélo fue después de 15 o
20 afos después que el mundo occidental escucho del tema. Esto se debia en
parte a la actitud discreta del bloque Oriental hacia sus métodos de
entrenamiento. Algunos atletas aun evitan comentar su entrenamiento, ya que de
alguna manera ellos trabajaban en un proyecto militar clasificado” (1).

Un partido de soccer consta de 90 minutos, los cuales requieren de un alto
rendimiento aerdbico asociados a la potencia para un éxito en su performance(2),
El soccer es un deporte que requiere habilidades especificas que implican
movimientos explosivos y la accion muscular en diferentes velocidades como la
capacidad de salto y agilidad (3), si analizamos la secuencia de movimiento tipico
durante el futbol (paradas bruscas, intercambio de gestion, sprints rapidos, bola
de patadas y golpes explosivos) se observa que depende del ciclo de estiramiento
y acortamiento caracteristico de los musculos implicados (4). Por ello, es
importante que los jugadores de soccer profesionales y amateur desarrollen dicha
habilidad, con ayuda del entrenamiento adecuado para tener un buen rendimiento
durante el desarrollo del juego/deporte del futbol.

En la actualidad el entrenamiento de los jugadores de soccer consta en las
adaptaciones musculo-esqueléticas frente a los cambios de postura para ello
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poder mantener el equilibrio y balance postural en mdltiples direcciones y
finalmente evita una caida, donde la actividad deportiva el balance postural es
requeridos para mantener la estabilidad durante el juego, donde también son
importantes, como la fuerza, flexibilidad, coordinacion y técnicas deportivas (5).

El entrenamiento de los jugadores de soccer se basa en utilizar maquinas y pesos
libres para la actividad orientadas a la mejora de las cualidades relacionadas con
la fuerza, consiguiendo los maximos grados de la especialidad con actividades
muy sencillas que se realizan en el propio terreno de juego, utilizando barras y
pesos que aumentan la fuerza a realizar por parte del jugador (6).

La polimetria es un método de desarrollo de la fuerza reactiva (fuerza elastico
explosiva y reflejo-elastico-explosiva) que utiliza el Ciclo de Estiramiento
Acortamiento (CEA) para aumentar la fuerza producida por el sistema musculo-
esquelético (7). Esto sucede, cuando una acciOn exceéntrica precede a una
concéntrica, la fuerza resultante de la accion concéntrica aumenta, ésa es la
esencia del CEA (7). Los ejercicios polimétricos, se dividen en dos, la de bajo
impacto y la de alto impacto, donde se diferencian entre si porque después de
realizar el salto, tienen la finalidad de enlazarla o no a alguna accion (7). De esta
forma podemos expresar de forma general que la polimetria, mediante sus dos
variantes, pretende optimizar la capacidad del deportista de aumentar la cantidad
de fuerza producida en la fase concéntrica mediante la implementacion del
aprovechamiento de las propiedades elasticas de los componentes elasticos
musculares en serie y en paralelo, asi como mejorando el uso del reflejo miotatico
(7).

Los ejercicios pliométricos permiten que sus muasculos respondan mas

rapidamente y completamente al estimular el sistema neuro-muscular, para hacer
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1.2.

1.3.

mas eficiente el uso de los estiramientos reflejo y la elasticidad, se deben ejercer
sobre un musculo de forma rapida contracciones concéntricas y excéntricas. Lo
gue esto significa es que se producirda mas fuerza cuando los musculos se

contraen justo después de haber sido estirados (1).

Para que un ejercicio sea verdaderamente pliométrico debe consistir en un
movimiento precedido por una contraccion exceéntrica, esto produce no solo la
estimulacién de los propioceptores sensibles al estiramiento rapido, sino también
la carga de los componentes elasticos seriados (los tendones y los puentes
cruzados entre las fibras musculares) con la fuerza de tension desde la que puede

rebotar (8).

La revision sistematica se justifica en la necesidad de integrar la evidencia actual
del efecto de los ejercicios pliométricos en el rendimiento deportivo de jugadores

de soccer.

Formulacion del problema
La formulacion del problema en términos de pregunta es la siguiente:
¢El efecto del ejercicio pliométrico es favorable en el rendimiento deportivo en

jovenes jugadores masculinos de soccer?

Justificacion

La siguiente revision sistematica es viable y factible, ya que la universidad nos
proporciona la base de datos EBSCO y tenemos el acceso a diversas alternativas
de busqueda, lo cual hace que la revision sistematica se lleve a cabo con éxito y

con imparcialidad.
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1.4.

A nivel practico la revisidon sistematica, pondra a disposicion a los fisioterapeutas

nueva evidencia en el trabajo diario.

Esta revision sistematica, da un aporte a la universidad en el aspecto de actividad
fisica, lo cual lo realizamos para que los alumnos, y personal educativo, sepan la
importancia de la misma, no sélo en cuanto a personas que realicen alguna
actividad como hobbie, sino también para aquellos que realizan ejercicios de élite,
donde necesitan un incremento del rendimiento deportivo, el cual se puede

proporcionar mediante los ejercicios pliométricos.

Objetivo

Tiene como objetivo:

Verificar mediante la revision sisteméatica, el efecto del ejercicio pliométrico en el

rendimiento deportivo en jovenes jugadores masculinos de soccer.
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CAPITULO II: METODOS

Para la elaboracién de esta revision sistematica fueron utilizadas las directrices

propuestas por el PRISMA (9) y sus extensiones. (9)(10)

PRISMA es un conjunto minimo de elementos basado en evidencia para escribir y
publicar revisiones sistematicas y metanalisis, consta de 27 itemsterminologia,
formulacién de la pregunta de investigacion, identificacion de los estudios vy
extraccién de datos, calidad de los estudios y riesgo de sesgo, cuando combinar
datos, meta andlisis y analisis de la consistencia, y sesgo de publicacién selectiva
de estudios o resultados (10).

Asi mismo se han hecho modificaciones tales como: introduccién, objetivos,

problema y discusion; adaptandolos al instructivo de tesis.

2.1. Criterios de Elegibilidad.

Se utilizaron como criterios de elegibilidad conforme a la estructura Poblacion,

Intervencion, Comparacion y Outcome (PICO):

Poblacién : jovenes jugadores masculinos de soccer
Intervencion . ejercicios pliométricos

Comparacion . ejercicio habitual/placebo
Outcome(resultados) : rendimiento deportivo

Ademas, se incluyeron otros criterios de elegibilidad

Publicaciones en todos los idiomas.
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2.2. Fuentes de Informacioén.

Se realizé una revision sistematica de la literatura para cumplir el objetivo de la
revision. Se realiz6 la busqueda de las bases de datos y buscadores
especializados hasta el 29 Octubredel 2016: PubMed, EBSCOhost, PEDRO
Database, SciELO-Scientific Electronic Library Online y Google Académico, los

cuales se muestran en la tabla 1.

Tabla 1IFUENTE DE INFORMACION

FUENTE DE
INFORMACI ENLACE WEB
ON

ACCESIB PROPIETARIO/

ILIDAD ADMINISTRADOR

Biblioteca Nacional de
http://www.ncbi.nim.nih.gov/| Motor de busqueda y Base de
PUBMED Libre Medicina de los Estados
pubmed Datos

Unidos

Centro de Fisioterapia
Motor de busqueda y Base de

PEDRO http://www.pedro.org.au/sp Basada en la Evidencia en el
Datos especializada en Libre
Database anish/ George Institute for Global
fisioterapia
Health

Base de datos multidisciplinaria,
académica y de investigacion,

EBSCOhost | https://www.ebscohost.com/ contiene:SPORTDiscus Suscripcion | Elton B. Stephens Company

MedicLatina

Academic Search Premier
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http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.pedro.org.au/spanish/
http://www.pedro.org.au/spanish/
https://www.ebscohost.com/
https://www.ebscohost.com/

FUENTE DE ACCESIB PROPIETARIO/

INFORMACI ENLACE WEB ILIDAD ADMINISTRADOR

ON
FAPESP
(http:/iwww.fapesp.br) - la
Fundacién de Apoyo a la
SciELO - Biblioteca electrénica
Investigacion del Estado de
Scientific publicacién electrénica de
http://www.scielo.org/ Libre Sé&o Paulo, BIREME
Electronic ediciones completas de las
(http://www.bireme.br) -
Library Online revistas cientificas
Centro Latinoamericano y
del Caribe de Informacién en
Ciencias de la Salud
Google Buscador especializado en
https://scholar.google.com/ Libre Google Inc.
académico literatura cientifica-académica

2.3. Busqueda.

Los términos de busqueda que se utilizaron tuvieron en un primer momento la
identificacion como terminologia MESH (Medical Subject Headings) y DeCS
(Descriptores en Ciencias de la Salud) bajo desambiguacion en espafiol e inglés,
de no ubicarse se aproximé la terminologia a su denominacion técnica mas

comun.
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http://www.scielo.org/
http://www.scielo.org/
https://scholar.google.com/
https://scholar.google.com/

Tabla 2BUSQUEDA TERMINOLOGIA MESH/DESH

Busqueda de TerminologiaMesh/Desh

Stretch Shortening Exercise
Stretch-Shortening Exercises
Stretch-Shortening Drill

Drill, Stretch-Shortening

Drills, Stretch-Shortening

Stretch Shortening Drill
Stretch-Shortening Drills
Stretch-Shortening Cycle Exercise
Cycle Exercise, Stretch-Shortening
Cycle Exercises, Stretch-Shortening
Exercise, Stretch-Shortening Cycle
Exercises, Stretch-Shortening Cycle
Stretch Shortening Cycle Exercise

Stretch-Shortening Cycle Exercises

Término 1 Término 2
Término Espafiol PLIOMETRICO Rendimiento Deportivo
DeCS Si Sl
Término Inglés Plyometric Athletic Performance
MESH si Sl
Exercise, Plyometric Athletic Performances
Exercises, Plyometric Performance, Athletic
Plyometric Exercises Performances, Athletic
Plyometric Drill Sports Performance
Drill, Plyometric Performance, Sports
Drills, Plyometric Performances, Sports
Plyometric Drills Sports Performances
Plyometric Training
Plyometric Trainings
Training, Plyometric
Trainings, Plyometric
Stretch-Shortening Exercise
Exercise, Stretch-Shortening
Exercises, Stretch-Shortening
Sinénimos
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http://www.ncbi.nlm.nih.gov/mesh

Se realiz6 la estrategia de busqueda en las bases de datos: PubMed, EBSCO,

Pedro database, Scielo Scientific Electronic Library Online, y Google Académico.

Los articulos fueron seleccionados para su inclusion en base a sus titulos;

siguiendo los resumenes y finalmente las copias del texto completo que se

analizaron para determinar la elegibilidad de acuerdo a los criterios de inclusion y

exclusion.

Tabla 3ESTRATEGIA DE BUSQUEDA

Base de datos/

fuentes

Estrategia

Entrada

PubMed

En la busqueda avanzada se realizé la
busqueda segun la construccién de tres
términos: A, B y C utilizando el enlace
"AND" filtrando luego de la busqueda

s6lo ensayos clinicos “Clinical Trial"

(("plyometric exercise"[MeSH Terms] OR
("plyometric"[All Fields] AND "exercise"[All Fields])
OR "plyometric exercise"[All Fields]) AND (“athletic

performance”[MeSH Terms] OR ("athletic"[All
Fields] AND "performance"[All Fields]) OR "athletic
performance"[All Fields])) AND (("soccer"[MeSH
Terms] OR "soccer"[All Fields]) AND players[All

Fields]) AND Clinical Trial[ptyp]

EBSCOhost

Se realiz6 una busqueda avanzada,
colocando plyometric exercise,

publicaciones académicas,

plyometric exercise, Tipos de fuentes: Publicaciones
académicas Materia: physical training & condi...,
muscle strength, plyometrics, exercise therapy,

rugby football players, muscles, physical fitness

PEDRO database

En pedro se realizé una busqueda

simple, colocando "plyometric exercise"

"plyometric exercise"

SciELO - Scientific
Electronic Library

Online

Se realiz6 una busqueda simple
colocando las palabras "plyometric

exercise"

"plyometric exercise"

Google Académico

Se realiz6 una blsqueda avanzada,
colocando palabras que debeny no

deben estar expuestas en el texto.

plyometric exercises soccer "plyometric exercise" -

volleyball
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2.4 Seleccion de los estudios.

El proceso de seleccidon de estudios tuvo las siguientes etapas:

Registro de salidas a las estrategias de busqueda: A las salidas (listado de
estudios) determinadas por las estrategias de busqueda establecidas en los
buscadores y bases de datos consultadas, se incluy6 el dato de fecha de
busqueda y numero de estudios identificados. El tratamiento de este listado se
realizé en una base de datos que consignaba a cada articulo segun titulo, autor,
journal, fecha, volumen y namero.

Fase eliminacion de duplicados: se procedio a depurar los resultados, eliminando
los estudios duplicados e integrandolos en una base de datos preladas
alfabéticamente segun el titulo.

Fase de andlisis y seleccion: Una vez obtenida la lista de estudios no duplicados
se procedio a ordenar la base de datos segun autor y afio y titulo, se analizaron
los articulos en base a sus titulos y resiumenes, finalmente las copias del texto
completo para determinar la elegibilidad de acuerdo a los criterios de inclusién y
exclusion. Se clasificaron segun la elegibilidad de los estudios, en tres categorias:
estudios incluidos, estudios eliminados por no cumplir algun criterio de inclusién y
estudios eliminados por cumplir algun criterio de exclusién. Esta fase culminé
cuando se obtuvo un listado de estudios seleccionados los cuales fueron

ordenados por Autor (afio) y titulo.
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2.5. Riesgo de sesgo en los estudios individuales.

El riesgo de seleccion en los estudios individuales fue realizado analizando la
calidad metodoldgica segun la escala de Pedro (11) (12) (13) que contiene 11
criterios de los cuales él N°1 no se puntua.

La puntuacion total va del 0 al 10, segun los siguientes criterios

Tabla 4ITEMS

Los criterios de eleccién (no se suma a la puntuacion total): Nota sobre la administracion: Este criterio se cumple

si el articulo describe la fuente de obtencion de los sujetos y un listado de los criterios que tienen que cumplir

para que puedan ser incluidos en el estudio.

Asignacion aleatoria Los sujetos fueron asignados al azar a los grupos (en un estudio cruzado, los sujetos fueron
distribuidos aleatoriamente a medida que recibian los tratamientos): Nota sobre la administracién: Se considera
gue un estudio ha usado una designacién al azar si el articulo aporta que la asignacién fue aleatoria. El método
preciso de aleatorizacidon no precisa ser especificado. Procedimientos tales como lanzar monedas vy tirar los
dados,deberian ser considerados aleatorios. Procedimientos de asignacion cuasi-aleatorios, tales como la
asignacién por el nimero de registro del hospital o la fecha de nacimiento, o la alternancia, no cumplen este

criterio.

La asignacion fue oculta: Nota sobre la administracion: La asignacion oculta (enmascaramiento) significa que la
persona que determina si un sujeto es susceptible de ser incluido en un estudio, desconocia a que grupo iba a
ser asignado cuando se tom6 esta decisién. Se puntlia este criterio incluso si no se aporta que la asignacién fue
oculta, cuando el articulo aporta que la asignacion fue por sobres opacos sellados o que la distribucién fue
realizada por el encargado de organizar la distribucion, quien estaba fuera o aislado del resto del equipo de

investigadores.

4 Comparabilidad inicial: Los grupos fueron similares al inicio en relacion a los indicadores de prondstico mas
importantes. Nota sobre la administracién: Como minimo, en estudios de intervenciones terapéuticas, el articulo
debe describir al menos una medida de la severidad de la condicion tratada y al menos una medida (diferente)
del resultado clave al inicio. El evaluador debe asegurarse de que los resultados de los grupos no difieran en la
linea base, en una cantidad clinicamente significativa. El criterio se cumple incluso si s6lo se presentan los datos

iniciales de los sujetos que finalizaron el estudio.
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Todos los sujetos fueron cegados: Nota sobre la administracion: Cegado significa que la persona en cuestion

(sujeto, terapeuta o evaluador) no conocia a qué grupo habia sido asignado el sujeto. Ademas, los sujetos o
terapeutas solo se consideran “cegados” si se puede considerar que no han distinguido entre los tratamientos
aplicados a diferentes grupos. En los estudios en los que los resultados clave sean auto administrados (ej. escala

visual analégica, diario del dolor), el evaluador es considerado cegado si el sujeto fue cegado.

Todos los terapeutas fueron cegados: Nota sobre la administracion: Cegado significa que la persona en cuestion
(sujeto, terapeuta o evaluador) no conocia a que grupo habia sido asignado el sujeto. Ademas, los sujetos o
terapeutas solo se consideran “cegados” si se puede considerar que no han distinguido entre los tratamientos
aplicados a diferentes grupos. En los estudios en los que los resultados clave sean auto administrados (ej. escala

visual analégica, diario del dolor), el evaluador es considerado cegado si el sujeto fue cegado.

Todos los evaluadores fueron cegados: Nota sobre la administracion: Cegado significa que la persona en
cuestion (sujeto, terapeuta o evaluador) no conocia a qué grupo habia sido asignado el sujeto. Ademas, los
sujetos o terapeutas solo se consideran “cegados” si se puede considerar que no han distinguido entre los
tratamientos aplicados a diferentes grupos. En los estudios en los que los resultados clave sean auto
administrados (ej. escala visual analdgica, diario del dolor), el evaluador es considerado cegado si el sujeto fue

cegado.

Seguimiento adecuado:Las medidas de al menos uno de los resultados clave fueron obtenidas de mas del 85%
de los sujetos inicialmente asignados a los grupos.Nota sobre la administracion: Este criterio s6lo se cumple si el
articulo aporta explicitamente tanto el numero de sujetos inicialmente asignados a los grupos como el nimero de
sujetos de los que se obtuvieron las medidas de resultado clave. En los estudios en los que los resultados se han
medido en diferentes momentos en el tiempo, un resultado clave debe haber sido medido en mas del 85% de los

sujetos en alguno de estos momentos.

Andlisis de intencién de tratar:Se presentaron resultados de todos los sujetos que recibieron tratamiento o fueron
asignados al grupo control, o cuando esto no pudo ser, los datos para al menos un resultado clave fueron
analizados por “intencién de tratar’Nota sobre la administracion: El andlisis por intencion de tratar significa que,
donde los sujetos no recibieron tratamiento (o la condicién de control) segin fueron asignados, y donde las
medidas de los resultados estuvieron disponibles, el andlisis se realiz6 como si los sujetos recibieran el
tratamiento (o la condicién de control) al que fueron asignados. Este criterio se cumple, incluso si no hay mencion
de andlisis por intencién de tratar, si el informe establece explicitamente que todos los sujetos recibieron el

tratamiento o la condicién de control segun fueron asignados.
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Entre el grupo de las comparaciones: Los resultados de comparaciones estadisticas entre grupos fueron

informados para al menos un resultado clave.Nota sobre la administracion: Una comparacion estadistica entre
grupos implica la comparacion estadistica de un grupo con otro. Dependiendo del disefio del estudio, puede
implicar la comparacion de dos o mas tratamientos, o la comparacién de un tratamiento con una condicién de
control. El andlisis puede ser una comparacion simple de los resultados medidos después del tratamiento
administrado, o una comparacion del cambio experimentado por un grupo con el cambio del otro grupo (cuando
se ha utilizado un analisis factorial de la varianza para analizar los datos, estos Ultimos son a menudo aportados
€cOomo una interaccion grupo x tiempo). La comparacion puede realizarse mediante un contraste de hipétesis (que
proporciona un valor “p”, que describe la probabilidad con la que los grupos difieran sélo por el azar) o como una
estimacion de un tamafio del efecto (por ejemplo, la diferencia en la media o mediana, o una diferencia en las

proporciones, o en el nimero necesario para tratar, o un riesgo relativo o hazard ratio) y su intervalo de

confianza.

Apunte estimaciones y variabilidad:El estudio proporciona medidas puntuales y de variabilidad para al menos un
resultado clave.Nota sobre la administracion: Una estimacion puntual es una medida del tamafio del efecto del
tratamiento. El efecto del tratamiento debe ser descrito como la diferencia en los resultados de los grupos, o
como el resultado en (cada uno) de todos los grupos. Las medidas de la variabilidad incluyen desviaciones
estandar, errores estandar, intervalos de confianza, rango intercuartilicos (u otros rangos de cuantiles), y rangos.
Las estimaciones puntuales y/o las medidas de variabilidad deben ser proporcionadas graficamente (por ejemplo,
se pueden presentar desviaciones estandar como barras de error en una figura) siempre que sea necesario para
aclarar lo que se esta mostrando (por ejemplo, mientras quede claro si las barras de error representan las
desviaciones estandar o el error estandar). Cuando los resultados son categoricos, este criterio se cumple si se

presenta el nimero de sujetos en cada categoria para cada grupo.

La escala PEDro considera dos aspectos de la calidad de los ensayos, a saberla

“credibilidad” (o “validez interna”) del ensayo y si el ensayo contiene suficiente

informacion estadistica para hacerlo interpretable. No mide la “relevancia” (o

“‘generalizacion” o “validez externa”) del ensayo, o el tamafio del efecto del

tratamiento. (14)

La mayor parte de los criterios de la lista “se basan en la lista Delphi, desarrollada

por Verhagen y sus colegas. La lista Delphi es una lista de caracteristicas de

ensayo que se consideran que estan relacionadas con la “calidad” del ensayo por
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un grupo de expertos de ensayos clinicos. La escala PEDro contiene elementos
adicionales sobre la adecuacion del seguimiento y comparaciones estadisticas
entre grupos. Un elemento presente en la lista Delphi (relativo a los criterios de
elegibilidad) esta relacionada con la validez externa, por lo que no se corresponde
con las dimensiones de la calidad evaluada por la escala de PEDro. Este
elemento no se emplea para calcular la puntuacion del método que se muestra en
los resultados de busqueda (es por lo que una escala de 11 elementos tan solo
ofrece una puntuacion sobre 10. Este elemento, sin embargo, se ha conservado
por lo que todos los elementos de la lista Delphi estan presentes en la escala

PEDro.” (15)
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CAPITULO lIl: RESULTADOS

3.1. Seleccién de estudios.

Los estudios identificados fueron 111 registros en las busquedas Pubmed= 20

Pedro=23 EbscoHost= 36 Scielo 1 Google académico =31

En el tamizaje se encontraron 10 estudios duplicados y en el proceso de
elegibilidad fueron excluidos 92 estudios por no cumplir algin criterio de inclusion
y exclusion y 01 estudio excluido por encontrar articulo en otro idioma y ser

imposible traducir.

Finalmente fueron incluidos 08 estudios.
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—_— F-‘ut:n-med_= 20 fuentes (Revision
Pedro=23 Sisternati
EbscoHost= 36 = NT31'EE}
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E |—
=
: | i
_ Mumero de registros o citas duplicadas
eliminadas
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g ~
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= Mamero total de |:|I> registros o citas
registros o citas Unicas aliminadas
cribadas M=0
— MN=101
Mamero total de
1 articulos a texto
Muoamero total de completo. M= 01
articulos a texto por no cumplic
completo analizados |::> con algan criterio
para decidir su de exclusidn, y
elegibilidad M= 91 por no
M=5 cumplir algun
criterio de
inclusian,
M=1 aliminado
por estar en otro
MNumero total de idioma y no
estudios incluidos poderse raducir.

en la sintesis
cualitativa de la
revison sistematica
MN=8

Grafico 1: SELECCION DE ESTUDIOS

Fuente: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group
(2009). PreferredReportingltems for SystematicReviews and Meta-Analyses:
The PRISMA Statement. PLoSMed 6(7): €1000097.

doi:10.1371/journal.pmed1000097
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3.2. Caracteristicas de los estudios

Los estudios seleccionados fueron en su totalidad estudios clinicos controlados y

randomizados, a nivel espacio fueron realizados en paises, a nivel tiempo fueron

publicados entre 2009 y 2016 y la poblacion mayor de 20 y segun poblacion,

intervencion y variable de salida, que puede apreciarse en la tabla 5

Tabla 5 CARACTERISTICAS DE LOS ESTUDIOS

Manouras,
INIGIEES
2016

Meylan C,
Malatesta D
2009

Michailidis,
Yiannis 2015

Titulo

"Theefficacy of vertical vs.
horizontal plyometric
training onspeed, jumping
performance and agility in
soccer players."

Poblacion

Treinta jugadores
de fatbol
masculinos (19.1
5.8Afos

Intervencion

Se evaluo utilizando la prueba
de salto largo permanente,
Tras dos ensayos de
familiarizacion, los participantes
realizaron tres ensayos
méaximos con un periodo de 60
s y el mejor rendimiento (en
cm) fue considerado para su
analisis. Salto vertical, también
se midi6 mediante la prueba de
salto de contra movimiento.

Variable de
salida

Prueba de salto alto

Effects of in-season
plyometric training within
soccer
practiceonexplosiveactions
of young players.

Catorce nifios (13,3
6 0,6 afios) fueron
seleccionados como
Grupo de
entrenamiento (TG)
y 11 nifios (13,1 6
0,6 afios)
Definido como el
grupo de control
(CG).

Al inicio y Después del
entrenamiento, las acciones
explosivas fueron evaluadas
Después de 6 pruebas: sprint

de 10 metros, prueba de
agilidad, salto vertical de 3
(Salto en cuclillas [SJ], salto
de contramovimiento [CMJ],
contacto
Prueba [CT] y prueba de 5
limites mltiples [MB5]).

Sprint de 10 metros,
prueba de agilidad,
salto vertical de 3
(Salto en cuclillas [SJ],
salto de
contramovimiento
[CMJ], contacto
Prueba [CT] y prueba
de 5 limites multiples
[MBS5])).

"Effect of plyometric
training on athletic
performance in
preadolescent soccer
players."

21 jugadores
asignados a dos
grupos:
Grupo de saltos
(JG, n=11) y grupo
de control (CG, n=
10 Cuarenta y cinco
nifios fueron
asignados
aleatoriamente a
Control (CG, N =21,
10,6 6 0,5 afios;
Préactica regular de
fatbol) o un grupo
de entrenamiento
pliométrico (PTG,
N =24,10,6 60,6
afios.

El JG el rendimiento en el
salto de longitud se
incremento significativamente
(P =0,031). También el
desempefio deJG aument6 a
un sprint de 30 m en un 7,2%
(P <0,001). Ninguna de las
variables probadas en el CG,
demostro la diferencia entre
el pre-test y el post-test.
Nuestros resultados indican
que el entrenamiento
pliométrico puede mejorar el
rendimiento de carrera a los
30 m sprint y el rendimiento
en el salto de longitud
enPreadolescentes jugadores
de futbol.

Sprint de 30
metros,salto de
longitud.
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MICHAILIDIS
et al 2013

Ramirez et
al 2015

Ramirez et
al 2015

Titulo

PLYOMETRICS'
TRAINABILITY IN
PREADOLESCENT
SOCCER ATHLETES

Poblacion

Cuarenta y cinco
nifios fueron
asignados
aleatoriamente a
Control (CG, N =21,
10,6 6 0,5 afios;
Préactica regular de
fatbol) o un grupo
de entrenamiento
pliométrico (PTG,
N =24,10,660,6
afos;

Intervencion

ElI PTG indujo un (marcado p
<0,05) la mejora en todas las
pruebas de velocidad (1.9 a
3.1% en midtraining y 3-5%
en el post-entrenamiento) y
las pruebas de salto vertical
(10 a 18,5% en midtraining y
16-23% en el post-
entrenamiento), SH (2,6% en
midtraining y el 4,2% en el
post-entrenamiento), MB5
(14,6% en midtraining y el
23% en post-entrenamiento),
fuerza de las piernas (15% en
midtraining y el 28% en post-
entrenamiento), la agilidad
(5% en midtraining y el 23%
en post-entrenamiento), y la
distancia patadas (13,6% a
22,5% midtraining y en post-

entrenamiento)

Variable de
salida

Pruebas de salto
vertical,fuerzade
pierna,agilidad,distancia
de patadas.

Effect of Vertical,
Horizontal, and
CombinedPlyometric
Training onExplosive,
Balance, and Endurance
Performance of Young
Soccer Players.

Cuarenta jovenes
jugadores de futbol
de edad
Entre 10 y 14 afios

Se evaluo el salto vertical y
horizontal del
contramovimiento
Con brazos, 5 pruebas de
limites multiples (MB5), salto
de 20 cm
indice de resistencia reactiva
(RSI20), velocidad de patada
maxima(MKV), sprint, cambio
de direccién de velocidad
(CODS), Yo-Yo
intermitentePrueba de
recuperacion de nivel 1 (Yo-
Yo IR1), y elmesurado.

Prueba Salto de 20
cm,Velocidadde patada
maéxima,Sprint, Yo-yo
intermitente,Prueba de
recuperacion de nivel 1

Effect of
ProgressiveVolume-
BasedOverloadDuring
Plyometric Training on
Explosive and Endurance
Performance in Young
Soccer Players

Tres grupos de
jugadores de futbol
jévenes (edad 13,0

+ 2,3 afios) se

dividieron en:
control (CG; n=8)y
pliométrico
formacion con (PPT;
n =8) y sin (NPPT,;
n=38)

Incremento progresivo en el
volumen, es decir, 16 saltos
por pierna por semana, con
un volumen inicial de 80
saltos por pierna en cada
sesion.

16 saltos por pierna por
semana, con un
volumen inicial de 80
saltos por pierna en
cada sesion. (fuerza 'y
resistencia)
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Effects of in-seasonlow-
volume
high-intensity plyometric
training
onexplosiveactions and
endurance of young
soccer players.

Ramirez et
al 2014

Setenta y seis
jugadores fueron
reclutados y
asignados ya sea a
un grupo de
entrenamiento (TG;
n=38;132+1,8
afios) o un grupo de
control (GC; n = 38;
13,2 + 1,8 afos),
grupo.

Se evalu6 un Programa
polimétrico de 7 semanas
implementado dentro de la

préactica futbolistica,
Mientras que el CG siguio6 la
practica habitual. Veinte
metros
Tiempo de sprint (20 m),
tiempo de prueba de agilidad
en lllinois, contra movimiento
Salto (CMJ) de altura, 20-
(RSI20) y 40- (RS140) cm
salto de caida
indice de resistencia reactiva,
distancia de 5 limites
multiples (MB5),Prueba de
patada méaxima para la
distancia (MKD) y tiempo de
2,4 kmEnsayo se midieron
antes y después del periodo
de 7 semanas.

Salto largo permanente

Theeffects of
interdayrestonadaptation
to 6 weeks of plyometric
training in young soccer

players.

Ramirez et
al 2015

Un total de 166
jugadores, entre 10
y 17 afios de edad

Se aplico el programa de
entrenamiento polimétrico
durante 6 semanas, 2
sesiones por semana, con
una carga de 140 a 260
saltos por sesion, en
sustitucion de algunos
ejercicios especificos de
fatbol.

Prueba de carga de
140-260 saltos por
sesion.

3.3. Evaluacion de la calidad.

La evaluacion de la calidad segun la escala de Pedro obtuvo en promedio

unpuntaje de5,875/10, segun se detalla en la siguiente tabla 6
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TABLA 6 Evaluacién de Calidad

Evaluacion de Calidad - Ensayos Clinicos Controlados
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3.4. Sintesis de los resultados.

TABLA 7 Sintesis de Resultados

Autor y afio | Propésito y participantes

Determinar los beneficios del
entrenamiento pliométrico
Jévenes durante el periodo de la
Manouras, .

temporada, sugiriendo

INIIGCIEGIIN Que la formacion especifica durante

2016 este periodo podria ser esencial
Para mantener o aumentar la

explosividad.

Treinta jugadores de futbol

masculinos 19.1 5.8Afos

Intervencion y medicién

Se intervino mediante ejercicios
pliométricos verticales
(aceleracion, velocidad, agilidad y
rendimiento de salto) y se midi6
antes y después mediante la

prueba de salto alto.

Resultados/Hallazgos

Mostré la evidencia de que son
herramientas eficaces para
mejorar el rendimiento de
aceleracion, velocidad, agilidad
y salto en jévenes jugadores

de futbol durante la temporada.

Determinar la influencia de un
Entrenamiento pliométrico dentro de

la practica regular de fatbol en

Meylan C,

Acciones de los futbolistas
Malatesta D
puberales durante la
2009 temporada.Catorce nifios (13,3 6 0,6
afos) fueron seleccionados como
Grupo de entrenamiento (TG) y 11
nifos (13,1 6 0,6 afios)Definido

como el grupo de control (CG).

Se intervino mediante un
entrenamiento pliométrico de 8
semanas utilizando saltos,
hurding, rebotar, footwork, se
midié utilizando, sprint de 10
metros, , salto vertical de 3 y salto

en cuclillas.

El programa a corto plazo de
ejercicio pliométrico tuvo un
impacto beneficioso sobre
acciones tales como sprints,
cambio de direccion y el salto,
que son determinantes
importantes de las acciones
ganadoras en rendimiento de

futbol.
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Propdsito y participantes

Autor y afo

El estudio fue investigar la influencia
del entrenamiento pliométrico a
corto plazo sobre el

Michailidis, funcionamiento.Velocidad y

) ) capacidad de salto horizontal en una
Yiannis 2015

pequefia muestra de nifios

preadolescentes.21 jugadores

asignados a dos grupos:

Grupo de saltos (JG, n = 11) y grupo

de control (CG, n = 10).

fue realizado durante 10 semanas

utilizando sprint de pie (SLJ), 10 m

Intervencion y medicion

Se intervino mediante un

programa de entrenamiento que

y sprint de 30 m.

Resultados/Hallazgos

Los resultados indican que el

entrenamiento pliométrico

Puede mejorar el rendimiento
de carrera a los 30 m sprint y
el rendimiento en el salto de

longitud en

Preadolescentes jugadores de

fatbol.

Este estudio tuvo como objetivo
determinar si los nifios
preadolescentes presentan
capacidad de entrenamiento

pliométrico o no.
MICHAILIDIS

Cuarenta y cinco nifios fueron

et al 2013 y

asignados aleatoriamente aControl
(CG,N=21,10,660,5

afios;Practica regular de fatbol) o un

grupo de entrenamiento pliométrico

(PTG,N =24, 10,6 6 0,6 afios.

Se intervino mediante ejercicios
pliométricos(salto anterior, lateral
arrastrando los pies, ejercicios de
escalera, saltos de baja
intensidad) realizados 2 veces por
semana, se midi6 utilizando
pruebas de velocidad, salto
vertical, rendimiento especifico de
futbol (agilidad), al inicio, durante

y después del tratamiento.

El resultado fue que al incluir
tratamiento pliométrico en su
préactica, se obtienen mayores

ganancias de rendimiento.
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Autor y afo

El objetivo de este estudio fue

de verticales, horizontales o

- combinados verticales
Ramirez et al y

2015

y el rendimiento del equilibrio.

Cuarenta jévenes jugadores de

Propésito y participantes

comparar los efectos de 6 semanas

entrenamiento pliometrico horizontal

en el musculo explosivo, resistencia,

futbol de edad entre 10 y 14 afios.

Intervencion y medicion

Se intervino mediante programa
de entrenamiento polimétrico a
corto plazo (2 sesiones por
semana) incorporando ejercicios
verticales, horizontales (saltar,
sprints, patear, resistencia, y
equilibrio de las medidas de
rendimiento de los jugadores de
futbol. Se midi6 utilizando salto
vertical y horizontal con brazos,
salto de 20cm, indice de

resistencia reactiva,

Resultados/Hallazgos

Demostré que los ejercicios
verticales, horizontales y
combinados, inducen mejora
significativa en las acciones
explosivas, el equilibrio y la
capacidad de resistencia, sin
embargo, los ejercicios
combinados son ventajosos
para inducir mejoras en el

rendimiento.

los efectos de la sobrecarga
progresiva basada en el volumen
constante con sobrecarga basado
en el volumen de musculo

adaptaciones explosiva y la
=ENNI=yA= -1l resistencia de rendimiento durante
2015 un corto plazo cada dos semanas
(es decir, 6 semanas) intervencién
de entrenamiento pliométrico en
futbolistas jovenes.Tres grupos de
jugadores de fitbol jévenes (edad
13,0 + 2,3 afios) se dividieron en:
control (CG; n = 8) y pliométrico

formacién con (PPT; n=8) y sin

(NPPT; n=18)

El objetivo del estudio fue comparar

Se intervino mediante ejercicios
pliométricos progresivos en el
volumen (16 saltos por pierna por
semanay), con un volumen inicial
de 80 saltos por pierna en cada
sesion, se midié utilizando salto
horizontal, vertical bilateral y
unilateral con los brazos, 10 m

lisos.

El resultado muestra que
ambos modos con incremento
de volumen y sin incremento,
muestran una mejora
significativa en las medidas
explosivas y la resistencia de

rendimiento muscular.
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Autor y afio | Propdsito y participantes

El Objetivo es mejorar las acciones
explosivas y la resistencia en el
fatbol juvenil es una parte esencial

- del desarrollo de los jugadores.
Ramirez et al

2014 Setenta y seis jugadores fueron

reclutados y asignados ya sea a un

grupo de entrenamiento (TG; n = 38;
13,2 + 1,8 afios) o un grupo de

control (GC; n=38; 13,2+ 1,8

afos), grupo.

contramovimiento (CMJ) de altura,

Intervencion y medicion

Se intervino mediante Veinte
metros sprint tiempo (20 m),
lllinois tiempo de prueba de

agilidad, salto con

20- (RSI20) y 40 (RSI140) cm gota
salto indice de fuerza reactiva, y
2,4 kilbmetros contrarreloj, se
midié utilizando la prueba de salto
de contramovimiento utilizando el

sistema de Bosco ergojump.

Resultados/Hallazgos

Demostré que incluir ejercicios
pliométricos verticales en una
practica de fatbol, mejora las
acciones explosivas y de
resistencia pero los ejercicios
horizontales deben incluirse
para mejorar el rendimiento de

velocidad.

El propdsito de este estudio fue
determinar los efectos del
entrenamiento pliométrico corto
plazo interpuestas con 24 o 48
e l1e=ya= 21| horas de descanso entre sesiones

de entrenamiento en explosivos y

2015

adaptaciones de resistencia en

jévenes jugadores de futbol.

Un total de 166 jugadores, entre 10

y 17 afios de edad

Se intervino mediante un
programa de entrenamiento
pliométrico de 6 semanas, 2

sesiones por semana con una
carga de 140 por 260 saltos por
sesion, en sustitucién de algunos
ejercicios especificos del futbol.
Se midié utilizando el salto de
potencia, salto contramovimiento
de 20 cm, indice de fuerza
reactiva, salto de longitud, 20 m
tiempo de sprints 10 x 5 metros
tiempo de agilidad, 20m de ida 'y

vuelta.

El estudio muestra que el
entrenamiento pliométrico
aplicado 2 veces por semana,
muestra resultados similares

en jévenes jugadores de fatbol.
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CAPITULO IV: DISCUSION Y CONCLUSION

4.1. Discusion.

Segun Manouras et al 2016, en su estudio sobre la Eficacia del entrenamiento
pliométrico vertical vs horizontal sobre la velocidad, el rendimiento en salto y
agilidad en jugadores de futbol, identificdé que el ejercicio pliométrico (utilizando
sprints), se puede utilizar como modalidades efectivas de ejercicio para preservar
o mejorar el desempefio de los saltos, la aceleracion, la velocidad y la agilidad de
los jévenes jugadores de futbol. (3)

En el segundo estudio, realizado por Meylan et al 2009, sobre los efectos del
entrenamiento pliométrico en temporada dentro de la practica futbolistica sobre
acciones explosivas de jugadores jovenes, donde el propésito del estudio fue
determinar la influencia del entrenamiento pliométrico a corto plazo, donde
concluyé que tuvo un impacto beneficioso sobre las acciones explosivas (sprint,
cambio de direccion y el salto).(16)

Segun Michailidis et al 2015, en su estudio titulado efecto del entrenamiento
polimétrico en el rendimiento atlético en jugadores de futbol preadolescentes, se
concluyé que el entrenamiento polimétrico puede mejorar el rendimiento de
carrera a los 30 m sprint y el rendimiento en el salto de longitud de los jugadores
de futbol.(4)

Segun Michailidis et al 2013 en el estudio titulado Capacidad de la polimetria en
atletas de futbol preadolescentes, tuvieron como objetivo determinar si los nifios
preadolescentes exhiben capacitaciones polimétricas o no, se concluyé que
complementando una practica de fatbol con entrenamiento polimétrico conduce a

tener mayores ganancias en el rendimiento.(17)
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e En el estudio de Ramirez et al 2015, titulado Efecto del Entrenamiento Polimétrico
Vertical, Horizontal y Combinado sobre el Desempefio Explosivo, de Equilibrio y
fuerza de Jbévenes Jugadores de Futbol, donde el objetivo fue comparar los
efectos de 6 semanas de entrenamiento vertical, horizontal y combinado vertical y
horizontal de la polimetria sobre el rendimiento muscular, la resistencia y el
equilibrio muscular; el estudio demostré que todos los entrenamientos inducen a
mejoras significativas en el rendimiento, sin embargo, el entrenamiento
combinado vertical y horizontal resulta mas ventajoso en la mejora del
rendimiento.(18)

e EI autor Ramirez et al 2015, con su estudio titulado Efecto de la sobrecarga
progresiva basada en el volumen durante el entrenamiento polimétrico Explosivo
rendimiento de resistencia en jévenes jugadores de fatbol, que tuvo como
conclusién que el aumento progresivo en el volumen de entrenamiento polimétrico
parece mas ventajoso en la mejora del rendimiento deportivo. (19)

e EIl autor Ramirez et al 2014, en el estudio titulado Efectos del entrenamiento
polimétrico de alta intensidad de baja intensidad en temporada en las acciones
explosivas y la resistencia de los jugadores jovenes de fatbol, en este estudio se
investigod la eficiencia del programa de entrenamiento polimétrico vertical de corto
plazo dentro de la préactica futbolistica para mejorar tanto las acciones explosivas
como la resistencia en jugadores jovenes de fatbol. Se concluyé que un programa
polimétrico vertical integrado dentro de la practica regular del futbol puede
substituir los taladros del futbol para mejorar la mayoria de las acciones y de la
resistencia explosivas, pero los ejercicios horizontales también deben ser

incluidos para realzar funcionamiento sprinting.(20)
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e EIl autor Ramirez et al 2015, en el estudio titulado Los efectos del descanso
interdiario en la adaptacibn a 6 semanas de entrenamiento pliométrico en
jugadores de fatbol jévenes. donde su propdsito de este estudio fue determinar
los efectos del entrenamiento polimétrico a corto plazo interpuesto con 24 o 48
horas de descanso entre sesiones de entrenamiento sobre adaptaciones
explosivas y de resistencia en jugadores jovenes de fatbol; como conclusion el
estudio muestra que el entrenamiento polimétrico aplicado dos veces a la semana
en dias consecutivos 0 no consecutivos da lugar a adaptaciones explosivas y de
resistencia similares en jugadores jovenes de fatbol masculino.(2)

e En los 8 estudios realizados, se llega a discutir que en los hallazgos principales de
los anteriormente mencionados, los autores:

Manouras et al 2016 y Michailidis et al 2013; Coinciden que los ejercicios
pliométricos son efectivos frente al rendimiento, tanto de salto como

deportivo.

Meylan et al 2009 y Ramirez et al 2015 (en dos estudios), coinciden que el
entrenamiento pliométrico a corto plazo, el combinado (horizontal y vertical)
y con aumento progresivo en volumen, es efectivo, ventajoso y beneficioso
en la mejora del rendimiento deportivo.

Anexo: En el estudio de Michailidis et al 2013, se determindé que el
entrenamiento pliométrico complementario a las practicas de fatbol
usuales, en nifios preadolescentes, conducen a tener ganancias en el

rendimiento deportivo.
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4.2. Limitaciones

Se encontro un articulo que tuvo que ser eliminado, porque aun teniendo el texto

completo, no se pudo traducir, ya que estaba en coreano y en imagenes; es por

ello que se tomo la decisién de no incluirlo en el estudio.

4.3. Conclusiones.

En esta revision sistematica, pudimos recopilar diferentes bases de datos,
las cuales nos brindaron la informacion necesaria para poder realizarla.

Gracias a dicha informacion pudimos responder a nuestra formulacién del
problema, la cual fue: ¢ el ejercicio pliométrico tiene un efecto positivo en el
rendimiento deportivo en jévenes jugadores masculinos de soccer?; donde
llegamos a la conclusion que los ejercicios pliométricos tienen un efecto
significativamente favorable comparados con el tratamiento/ejercicio
habitual, en el rendimiento deportivo en jévenes jugadores masculinos de

soccer.

Dichos estudios tuvieron los siguientes instrumentos de medicion: prueba
de salto vertical, salto horizontal y sprints de 10m y 20m.

Con esta Revision Sistematica pudimos darnos cuenta, de que no existe
gran variedad de estudios controlados sobre el tema, realizado por
fisioterapeutas, por lo que se sugiere la intervencion de los mismos para
brindar un aporte en el aspecto de actividad fisica, no sélo en jugadores de

soccer, sino también en otras disciplinas deportivas de élite y amateur.
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The efficacy of vertical vs. horizontal: -
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performance and agility in soccer players s
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Mikolaos Manouras, Zisis Papanikolaou,
Konstantina Karatrantou, Polydoros Kouvarakis and
VYassilis Gerodimos

Abstract

This stedy compared the efficacy of a vertical and horizontal plyometric training program on aceelerstion, speed, jumping
performance, and agility in young seeccer players during the inseason period. Thirey male soccer players (191 £ 5.8
years) were assigned into a horizontal plyometrie, a vertical plyometric, or a contral group. The horizontal plyomerric
group and vertical plyometric group participated in an eight-week training pregram thar was performed one dayfwesk
{in eanjunction with conventional seceer training) and eonsisted of horizontal (for the horzontal plyametrie group) er
vertical plyametrie exercises (for the vertical plyometrie group). Acceleration || 0-m sprint), speed (30-m sprint), agilicy,
and jumping performance (horizontal and vertical) were sssedsed prior and after the completion of plyametrie training
programs. Agilicy, 30-m sprint performance, and vertical jumping performance (p < 0.01) improved following the eom-
pletion af wraining in both horizontal plyametrie group and vertical plyometrie growp, whereas horizontal jumping
perlarmance improved anly in horizontl plromeatrie graup (p < 0.01). Thers were no significant effects an aceeleration
for both horizontl plysmetrie group and vertical plyometric group. Furthermore, no differences were abserved
betwesn groups in ol performance parameters. In control group, accelaration, speed, sgility, and jumping performance
remained stable throughout thie stedy. To sum up, horzontal o vertiesl plyometrie training programd, consisted of ane
seagioniwesk, may be uzed by coaches and ficness professionals as effective exercise modalities for preserving ar improvineg
jumping performance, aceeleration, speed, and agilicy in young soccer players during the in-season period.

Keywords
Strength, power, stretelb-shortening cycle, physical fithess, in-teasen, smateur

Introduction

Soccer is an activity that requires specific skills invol-
ving distinct explosive movements and muscle actions
at different velocities. Strength, speed, jumping ability,
and for agility are important contributing factors to per-
formance of several fundamental skills in soccer, ™
such as abrupt change of direction, accelerating. decel-
crating, etc. Thercfore, the development of speed,
jumping performance and agility through specific train-
ing interventions should be emphasized in a soccer
training program.

Plyometric training is widely used, in sports, as an
efficient™ exercise modality for preserving or improving
different features of physical fitness in athletes during
the in-season period, during which the volume and fre-
quency of training should be tightly controlled due to

time constraint.” Indeed, previous studies™ demon-
strated the benchcial cffects of plyometric training in
young athletes during the in-scason period, suggesting
that specific dralning during this period might be essen-
tial for maletaliig or Mereasing explosivencss. There
is also evidence that plyometric training incorporated
into a conventional soccer training program can cause
beneficial effects on speed. ™ vertical jumping perform-
ance," and agility."" With this in mind, recent studies
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ARTICULO 2

EFFeECTS OF IN-SEASON PLYOMETRIC TRAINING
WITHIN SOCCER PRACTICE ON EXPLOSIVE
AcTioNSs OF YOUNG PLAYERS

Ciésar MeEvLan' ann Davine MaiaresTa®

! fmstitute of Sport and Recreation Research New Zealand, AUT Unrversity, Awedlond, New Zealond, Austrafio; and
fustitute of Spart Science, University of Lusanme (ISSUL), Stwitzerland

ARSTRACT

Megtan, © and Malatesta D, Efects of n-ssason plyomeinc
tramning within socoer prachice on egplosye achons of young
players. J Strength Cond Res 23(8): 2605-2613, 2008-In
socoer, xpiosive aclions such as jumping, spanbng, and changes
of directon are ssseatial bo optimal pedormance pet oaly in
adulis, but also in children's games. The purpoese of the present
nvesiigation was to debterrmire the mfuence of a short-1amm
plyormeins trainng withan regular soccer practics on explosne
actons of early pubertal soccer players dunng the In-season.
Fourtesn children {133 = 06 years) were sslected as the
tramning group (TE) and 11 children (131 + 006 peas) were
defined as the contral greup (CGE). All chaldren were playing in
the same keague and trained twice per week for B0 minues with
the same soceer drlls. The TG followed an Boweek plyomeinic
program {Le., umping, hurdling, bouncng, skipping, and
footwork) implemened as a subsiiule jor some soccer dnlls
o oblain the same session duraleon as GG A basslne and
affer trainmng, eaplosive achons were assessed with the
fallowing 6 tests: 10-meter sprnt, agity test, 3 vertical jump
tests (squal pmp [S1], soumermevement ump [CW], contast
test [CT] and mulbple 5 bounds test [MBS]. Plyometnc
framning was associaled with signihcant decreases n 10-m
sprind fime {=2.1%) and agikly 1=st time (=B.6%) and
sigraficani moreases in ump height for the Ch (+7.99) and
CT (+10.8%). Mo significant changes in explosive actons afer
the B-week period were recorded for the GG The curent siudy
demonsirated that a plyometne program within regulsr soocer
prachce mproved explosive achons of pyoung players compared
o somventional soccer training anly. Therelare, the shod-lem
plyermetre program had a benefical impact on esplosive

Thee resmahis of the present sbady do mot constinme endorsement by the
MECA,

Address comespondence 1 Cisar Meyan, cearmeylanifianr acnz.
e S

Jouras] of Stremgth and Comdebisnivg Research
& 200% Ntimal Stremgoh and Condiviseing Assciation

achions, such as spontng, change of dmechion, and jumpng,
which are important determinants of match-winmng achions in
socGer performance.

Kevy Worns agiity, initsal acceleration, stretch-sharlening
cyche, verkical jump

INTRODUCTION

oecer 1% an intermittent sport that requires different
physiokogeeal components. In modern  fooball,
physakegreal consideratons are incressingly essen-
tizl to optimal performance not only m aduls, but
also in children. The capacity of secer plavers to produoce
vared foreeful and explosve actioms, such as sprintmg,
Jumpring, tackling, kicking, mwening, and changmg pace, highly
influences soecer match performance, as supgested by others
(30). The capacity to repeat explogve bouts is an mnportant
determinant of player performance (35) and is sssockted
with high serobie power (Viogmax) (31). However, the ability
w produce a powern] angle-bout effon (e, explsne
At 1% a5 pnporiant a8 aerabic power for success in soccer
(3. For mstance, high-speed sprinting only contributes ug
1o 3% ol the votal destanee covered in chaldren's games (6, yet
mast crucial moments of the gpme such os winming ball
posmesgon, scornng, or conceding poals depend on e (309
Lrtiad avcveleration, jumpayg, and agility wre various explosive
actwms that are crucml when the player & involved in Gst
game play. Indtial acceleratson can be referred 1o as shont
sprint (0-10 m) (23}, and sgrlity con be recogmized as the
ability to chanpe direction, start, snd stop quickly (25 ,34).
Game analvses have demonstrated the importance of these
dqualities 10 soccer sinee @ mesn spont e of 2.3 seconds
(10-12-m sprint) (&) and a mean of 50 wms per guome have
been recorded (38). Such explosmve sctions are integral
elements for suecess in soccer and love to be trmned
independently Fom aerobic power with an optimal trainmg
progrem [ 18).
Traming for masximal strength has been sugpested 1o play
a major role in mproving explosive sctions as a result of an
incressed foree avadabdity (11} Conversely, explosnve high-
velocy training has demeonstrated preater mprovements in
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ARTICULO 3

Original Article

Effect of plyometric training on athletic
performance in preadolescent soccer players

YIANKES MICHAILIDIS
Deparimant of physical Educalion asd Epon Scloce, Domoorius Uebvavsty of Thraoe, Aomolin, Greco

ABSTRACT

Mictosldis, . [2015). Efect of plyometric training on athletic pedformance in preadolescen| socoer players.
J Hum Spord Everc, 10(1), pp.15%21. The am of the study wes to irvestigaie the sSeciveness of
plromerc raning on pedomance of preadolescen] soccer players. 21 plyers assigned lo two groups
pmpng=goup (Ji, n = 1] and contrdgroup (56, n = 10} Traning program was periomed for 10 weeks.
Arapbic power performances were assessed by using standing long ump (SLJ). 70 m and 30 msprint.
the Ji5 the performance ai the long ump was increased signiicanty (P = 0.031). Also the performance of
JG inoreased at 3m sprink running by 7.2 % (P < 0001}, Mone of he varables tesied in the CG
can improwve nunning perffoomance & ¥} m sprnl and the performance al standing long ump n
preadolesceni scoom players. Key words: PLYOMETRIC, JUMP, SPRINT, PERFORMAMNCE,
PREADCLESCENT.
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AETRACT

Michailidis, ', Fatouros, IG, Primpa, E, Michaiidis, C, fuloniti, i,
Chatzinkolaou, A, Barbera-Abvanez, JC, Tsoukas, D, Douroudos, IL
Draganidis, O, Leontsini, 0, Marponis. K, Berberdou, F, and
Kambas, & Plyomeinics' trainabiity in preadalesoent soooer
athietes. | Stengly Cond Res 27(1): 38-44, 301 3-Plyometnic
training (FT) is a widely used method to improve muscle abslity
1o generaie siplosive powes. This study aimed o deteming
whether preadalesoent boys eshibit plyometnic trainabiity ar
not. Forty-five children were randomly assigned 1o either 2
contral (CE N = 21, 106 * 0.6 years; participated anly in
regular soooer practios] or a plyomeing training group (PTG,
N o= 24, 106 = 06 years; partivipated in reguler soooer
practios phs a plyomeino eserise protoool). Both groups tained
for 12 weeks duning the inrseason period. The PT memises
iarward happing. laberal hopping, shuifles, skioping, ladcer drils,
twion a week. Proadolesoenon was verfied by measuring Tanner
siages, bone age. and serum iesiosterone. Speed (0-140, 10—
b, 20-30 m], log musche power {siatio jumping, counemoee-
ment jumping, dep jumping IDIL standing kang jumg [SLIL
multiple B-baund hopping MBS, leg smength (10 mepettion
masimum|, aneseobic poser (Wingale testing), and sooos-
specific perfamance (agiity, kicking distance) were measwed at
a modest {1.2-18%] inorease in speed postiraining. The PTG
induced a marked (p < 0.06) improvemend in all speed besis
(1.8-3.1% at midtraining and 3-5% at postiraining) and vertical
jump tests [10-18.5% at mifiaining and 16-22% at postrain
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ingl, SLI (2.&% ai midiraining and 4.7% at postiraining). MBE
{14.6% at midirining and 23% at pastirainingl, leg sirength
{156% 2t micraining and 28% 21 postirainingl., agility (5% at
mitiraining and 3% ai postiaining), and kicking distanoe
{136% at midiraining and £2.5% at postiraining]. Anacrodic
power remained unafiected in both geoups. These data indicabe
that i{a) prepubertal boys eshibit considerable plyometrio
trainabiity, and (b) when soccer practice is supplemenied with
a PT proiocol, it leads 1o grealer performanoe gains.

hioad, footbal

IsTRODUCTION
owerslimb plyometric exercises, that is, jumpirg,
hopping, and bounding, are characterized by the
use of the stretcheshonening cpde (S50 that
develops during the transition from o rapid eccens
tric muscle contraction (deceleration or negative phase) to a
rupid conceniric muscle coniraction (acceemtion or positive
phase] (37.38). The 35C exercises capitalize on the elastic
properties of coomective tssue and muscle Ghers by allowing
the muscle io store astic energy during the deceleraton
negaiive phase and release i lter during the acceleraton
positive phase to enhance muscle force and power owtpat
(2138). Systernatic kewerslimb plyometric training (FT) has
besen shoowm o improve consistenthy vanous measures and
components of moscle power swch as vertical jomping abdity
(192031}, speed and scceleration (33.52), maximal and
explogive strepgth (192655, apility (64} amd sponesperific
pedormance (37).

Sncrer, as 2 typical infermittentstype sport inoorporabes
varicus explosive ballistic motions such as sprinting, kicking,
jumping, acceleratines and decelerations, tackling, changes. of
direction, and tuming (3). Ball kiddng, one of the most
fandamental seccer skill, relies on the wse of 550 because ball
speed depends on the 350 characterstics of the involved
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ABSTRACT

Ramrez-Camplie, R, Gallarda, F, Henriquez-Olguin, G, Meylan,
CMP, Martiner, C, Alvamsz, C, Caniugquea, A, Cadore, EL, and
Lecueerde, M. EMect of vestacal, horizontal, and combined plyamed-
nE traning on explosive, belanes, and endurance perlomance of
young soccer players. J Stenglh Cond Res 29(7): 1784-
1795, 201 5—The aim aof thes study was to compare the affecls
of B weesks of veriacal, horizontal, or combined vertical and
horirontal plyomeric raining on musche egploswe, epdurance,
and balance perdormance. Forly young soccer players aged
betwean 10 and 14 peans were randomly divided inlo control
(GG, n=10], verbeal plyometic group (VE; = 10), hanzomal
plyormatm: group (HE; n = 10), and combmed verlical and
horizontal plyometie group (WHGE; » = 10). Players pedar-
mance n the vertical and horizontal countermavement jumg
with arms, 5 mulbple bownds lest (MBS), 20-cm drop jumg
reactive sirength index (RSI20), mauomal kicking  webocily
(MEV), speint, change of dirsction speed (CODS), Yo-Yo inter-
rulfent recowery kel 1 lest (Yo-Yo IR1), and balance was
measured. Mo signthcant or mearengiful changes n the GG,
aparl fram small change inthe Yoo IR1, wene abserved while
all trairang programs resulbed n meaningful changes in explo-
sive, endurance, and balance pedommance. However, only
VHG showed a statistically sgnificant {p = 0005} increase
in all peformance fest and most meaninglul training effect
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difference with the GG across lesis. Although no signfican
diferences in performance changes were abserved between
experimental groups, the VHG program was mare effectve
compared with WG (Le, jumps, MEV, speint, SODS, and bal-
ance performance) and HG (e, spaat, CODS, and balance
perfarmance) o small effect. The study desmonstrated that ver-
theal, horeantal, and combaned verical and horizontal jumps
mduced maaninglul impresement in axplosve achions, balancs,
and miermibient endurance capacly. However, combirang wer-
hal and konzondal dnlls sesms mone advaniageaus fo mduce

graaler performance mprovemenbs,

Eey Wonns eploswe actions, sireich-shodenng  cycle,
compelitive game, preadolescense, strength and conditioning

InTRODUCTION
prmting, jumping, and chanpe of direction speed
(OODE) are mmpaortant determmants for suceess in
adult (42) and young soccer playvers (4). Although
=|.rr.i|11|rql_' |.1|:|]1_," contributes up o 3% of the twial
distance eovered m chikdren's games (4), mos crucal mo-
ments such w winnmg ball possesion, scormg, or conceding
goals depend on it (42 b has been proposed that the high
depree of plasticity m newromuscular development during
presdolescence, combmed with appropristely tmed imple-
mentation and  progreson of miteprative  neuromuoscalar
tramang (e supplemental tronmg combimng general and
:pnl‘:i.ﬁr_' :|I1'=n_g‘|]'.| and 1’:1.1n.rli'|.i1.1r|.'mg exercises, such as ]JI].'L'I—
metrics]), may allow for strengthened plysical development
that contnbutes Grvorably to athleticsm into adulthood (35).
Lelection of relevant trining methads, which contobute ta
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ARSTRACT

Ramirez-Campille, K Henriques-Olgun, O, Burges, ©,
Andrade, DG, Zapata, D, Martiner, G, Alarez, G, Bassz, El,
Castre-Sepibveda, M, Pedadillo, L, and lzquierda, M. Edect of
pregressre volums-bassd everload during plysmetne fraining
o axplosnie and endurante parlormants n young soecer play-
ers | Strangth Cond Res 20(7): 18B4-1583, 201 5-The pur-
pose of the study was 1o compare the afects of progressive
volume-based overdoad with constant valume-based overload
on muscle explosive and endurance pedomance adaptations
during a biweskly short-term (e B wesks) phamedric training
infervantion n young sooter playens. Three groups af yaung
soceer players (age 130 £ 2.3 years) were divided inbe: con-
tral (Ci&; » =8) and plyometns traning with (FFT; 7 = B} and
without (MPPT; n=B) a progressive marmase in vwalume e, 18
pumps per beg per week, with an irdial volume of 80 umps per
leg each sesson). Bilaleral and unitaberal horizontal and verieal
counlermovement ump with arms (CMIA), 20-em drop jump
reattive strength index  (RSI20), madmal kicking welosity
(MEVY, 10-m sprint, change of dirscBon speed (CO0OS5), and
Ya-to inlermatent recovery leval 1 test (Yo-Yo IR1) weare mea-
sured.  Although  both  experimental  groups  sagnificantly
increased ChIA, RS20, CODS, and endurance perfarmance,
only PFT showed a significant improvemend in MEY and 10-m
sprint trme. |n addition, enly PPT showed a sigrdicantly hagher
perdomance improvement n umping, MKV, and Yo-Yo IR1
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compared with CE. Alse, PFT showed higher meaninglul
nprovemnent compared with NPFT in all (escept 1) jump
perdormance measures. Furthermans, although FFT invalved
a hagher total volume compared with NPPT, training eff-
ciency {le, percentage change in performancefotal jump
volume) was srmilar betwesn groups. Our resulls show thal
PPT and MPPT ensured significant improvement in musels
explogre and endurance performance measures. Howeser,
4 progressne increase m plyomelne raining solume seems
miore advaniageous o mduce soccer-spedfic pedarmance

o ements.

Key Wogrns explosive strenglh, strelchrshortening cycls,
feam sporis, strength trainng, loatbal

InTRODUCTION
t has been shown that explosive muscle actions such o
sprintmyr, jumpigy, and chonge of direction speed
(CODSE), along with aerobic power, miluence gpame
performance m young soccer players (3). For matance,
althougrh sprintmyg contributes only up o 3% of the woal
game distance covered by voung soccer players (3), mast
cructal moments (eg, seormyp) depend on it (39). In addi-
tion, aloag with the relevanee of newromosenlar patlway
traming from an exploave-development stand point
voung apes (Le, fromabdiy woadbs) 25) soccer-related
explogve activities may be important qualittes not enly at
voung level (12.45) but abso at a kater stage of a players
career (18). Therefore, it has been proposed that such explo-
sive actions could affect game performance of swecer plavers
and that they have to be traned mdependently Fom serobic
perfommance from a young age (13).
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EFrECTS OF IN-SEASON LOow-VOLUME
HicH-INTENSITY PLYOMETRIC TRAINING ON
ExpPLOSIVE AcTiONS AND ENDURANCE OF YOUNG

SoccCER PLAYERS

Roprico Rasmirez-Campiio,! César MevLay,>* Cristian ALvarez,*
CanvLos Hexriguez-Ovauin,® Cristiay Martinez,® Roorico Cafias-Jamert,™™

Davin C. ANprane,” anp MikeL Izguierno '

‘Diepuartment of Physical Activaty Sesences, Unrversity of Las Lagos, Osorne, Chie; “Canadian Sport Institute Facrfic,
Fancowver, Canada; * Canadian Soccer Avoctation, Ottarea, Canada; *Famdy Health Center of Lo Lagpos, Health Promotion
Program, Los Lages, Chie; *Labaratory of Exerceie Sevences, MEDS Clinse, Samtiago, Chile; *Phystcal Edvweation

Unfversity of La Fromtera, Ihwm:, e M&wm%fﬁhm'@r Department

Scienves, Audrd Beflo U o Pl def Mar, Chade:

Frinestolegy Schoel, Faclty of
Uneversity, Fifla def Mar, Chale; O elflar Physiology Laboratery,

Seiemee, Faculty of Biolegical
.u'
%ﬂaﬂm Sesences, Andrls Bella

Biamedical Depertuent, Faculty of Health Setence,

Uneversity of Antofugata, Antofapasts, Chile; and " Department of Health Sciences, Public Unroersity of Navarre, Tidela,

Sparin

ABSTRACT

Ramirez-Campilo, &, Meylan, C, Alarer, C, Henriquesz-Olguin, C,
Martinez, G, Cafias-Jametl, R, Andrade, DC, and laguenda, M
Effecis of m-season low-valume hegh-intensdy plyometne irain-
ing on explosne actions and endurancs of young socter playsns.
J Strenglh Cond Res 28{5): 13351342, 201 4—inbagrating spe-
cihs trainng methods to mprove explosve actions and endur-
ance n youth soccer i an essential part ol playes’
development. This study investigated the eficency of shodt-
{&nm vertical plyometnt framing program withn soccer prachce
1o mprove both exploswe actions and endurance in young
soccer players. Seventy-sic playes were recruiled and as
signed either io a aimng group (TG, n= 38; 13.2 = 18
years) or a condrol group (CG; n = 38, 13.2 = 1.8 years)
greup. Al players trained twice per week, but the TG loBowed
a T-wesk plyometn: program implemsented within socoes prac-
fice, whersas the GG followed regular practice. Twenby-meter
sprini tme (20-m), Winoes agiliy test time, countemeayement
pmp (M) heighl, 20- (RS120) and 40- (R540) em drop jumg
reaciive sirength ndex, multiple 5 bounds disiance (MBS,
maximal kscking test for distance (MKD), and 2.4-km time
irmal were measured belore and after the T-week penod.
Plyomedric: traming mduced sgnificant (g = 0.05) and small
1o moderate siandardized effect (SE) mmprovement in the
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Chl (4.3%; SE = 0.20), RSI20 {22%; SE = 0.57), RS540
(160%; SE = 0.37]), MBS {4.1%:; 5E = 0.28)], [Bnows aglity
fesl lime (=350, S5E = =0.26), MED {148:; S5E = 0.53],
2.4-km fwme Erial (=1.8%; 5E = =0.27) perdormances but
had a trvial and nonssgraficant effect on 20-m sprint time
[=0.4%; SE = =0.03). Mo significant mprovements wens
found = the GG An inlegrabed vertical plyomeiric program
within the regulsr socoer prachce can substibube soccer drls
ia impreve most explosve schons and endurance, bul horizontal
exarpmes should alsn be nclded o ephancs sprnting perfor-
FTRE

Key Worns aglity, explosne stength, sirstch-shortening
cyche, veriisal pmp

InTRODUCTION
orcer 1% an mtermittent sport, which requimes difi-
ferent physiolopical componens. The capacity
to produce vaned powerful actons during a
l-minute gpame & assocmted with hagh aerobice
capacity (41). However, the alality to produce an explosve
smglebout effort B as mportant as aerobec power for sue-
cess n soccer (%), This inclodes movements such as sprint-
ing, jumping, changing direction, throwing, or kickmy
frequently occurring m soccer (41). Many of these actrvities
not only require maximal power but also a high rate of
power development considering the short persod spent on
the ground to produce power, such as sprinting or changang
diirection (<10 milliseconds) (1,26). Virous studies demon-
strated that youth elite and subelite players were found to be

VOLUME 28 | MUMBER 3 | MAY 3014 | 1335
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ABSTRACT

Ramirez-Campillo, R, Meykan, CMP, Alvarez-Lepin, C, Hennquez-
Olguin, C, Martnez, C, Andrade, DC, Castro-Sepdlveda, M,
Burgos, C, Baez, El, and lzquierdo, M. The eflects of interday
rest on adaptabon 10 6 weeks of plyomeinc frainang i young
soccer players. J Strength Cond Res 29(4): 972-879, 2015-
The purpose of this study was to determane the effects of
short-term plyometnc training interposed with 24 or 48 hours
of rest between traming sessions on explosve and endurance
adaptations ; young soccer players. A total of 166 players,
between 10 and 17 years of age, were randomly divided into
3 groups: a control group (CG; n = 55) and 2 plyometric
trainang groups with 24 hours (PT24; n = 54) and 48 hours
(PT48; n = 57) of rest between traming sessons. Before and
after mntervention, players were measured in squat ump,
countermavement jump, 20 {(RSI20) em drop jump reactive
strength index, broad long ump, 20-m sprint time, 10 X 5-m
agdty time, 20-m multistage shuttle run test, and sit-and-reach
test. The plyometnc training program was applied during
6 weeks, 2 sessions per week, with a load from 140 to 260
umps per sesson, replacing some soccer-specific dnlls. After
intervention, the CG did not show significant pedormance
changes. PT24 and PT48 groups showed a small-to-moderate
signdicant improvement in all pedformance tests (p < 0.001),
with no differences between treatments. Although it has been
recommended that plyometric dnlls should not be conducted on
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consecutive days, the study shows that plyometric traning
apphed twice weekly on consecutwve or nonconsecutve days
results in smilar explosive and endurance adaptations in young
male soccer players.

Key WORDS maturity, explosive strength, competitive sports,
strength traning

InTRODUCTION
ocoer i an intermittent sport that requires different
physiological components. The capacity to pro-
duce varied powerful actions during a N-minute
game is associated with high aerobse capacity (33).
However, the ability to produce explosive single-bout effort
is as important as aerobic power for success i soccer (12),
such as sprinting, jumping, or changing direction (33). Plyo-
metric training (PT) s commonly used to mcrease these
types of actions in young soccer players (72728 34), with
the advantage of being easy to integrate m soccer practice
(space, tme, equipment), and replicating the neuromuscular
stimulus encountered in explosive soccer activities such as
sprinting and jumping (13). Additionally, PT m young soccer
players may increase endurance performance (38). There-
fore, PT may be advocated as an appropriate approach for
enhancing soccer-related performance abilities. However,
the characteristics of between-session recovery of a PT that
generates optimal gains are not cear (31), especally in
young soccer players.

Plyometric training frequency (31) or the rest interval
between training sessions (26) may affect its outcome. In
young soccer players, PT frequencies of 1 (2436), 2
(14,1924,2728 32 34 40), and 3 (7) sessions per week have
been apphied effectively. Cunowsly, most studies in which

explosive strength traming was applied to this group of



TEXTO COMPLETO DE ESTUDIOS INVOLUCRADOS

ARTICULO 1
Intermatiaral jeurnal of Sporta Scance
& Coaching
- " I-&
The efficacy of vertical vs. horizontal: 8 The A 206
" W M § Reprnia and permusara:
Plyometric training on speed, jumping g oo
. A Dok DOLI TR TAPSS40 | G657 10
performance and agility in soccer players iy

Mikolaos Manouras, Zisis Papanikolaou,
Konstantina Karatrantou, Polydoros Kouvarakis and
Vassilis Gerodimos

Abstract

This seudy earmpared the efficacy of a vertieal and horizantal plyemetric training program on acceleration, speed, jumping
performance, and agility in young soccer players during the in-seasen period. Thirey male soceer players (9.0 £5.8
years) were assigned inte a horizontal plyamerric, a vertieal plyomesrie, ar a contral graup. The horizontal plyemetric
group and vertical plyometric group participared in an eight-week training program that was performed one dayhwesk
{in eanjunction with eonventional seceer training) and eonsisted of horizontal (for the horzantal plyarmetrie group) ar
vertical plyametric exercises (for the vertical plyametrie group). Acceleration (| 0-m sprint), speed (30-m sprint), agilicy,
and jumping performance (horizontal and vertical) were sssessed prior and after the completion of plyametric training
programs. Agilicy, 30-m sprint performance, and vertieal jumping perfarmance (p < 0.01) improved fellowing the canm-
pletion af eraining in both horizontal plometric group and vertieal plysretrie group, whereas horizantl jumping
perfarmance impraved anly in horizontl plyemetric graup (p < 0.01). There were no significant effects on aceelerstion
for both horzontal plyometric group and vertical plyomerric group. Furthermore, no differences were observed
betwesn groups in all perforrmance pararmeters. n eantral group, acceleratan, speed, sgility, and jumping performance
remained stable thraughout the study. To sum up, herzantal or vertical plyometric training programs, consisted af ane
seasioniwesk, may be used by coaches and fieness professionals as effective exercise rmodalities far preserving ar improving
|urnping perforrmance, aceslerstion, speed, and agility in yaung soeeer players during the in-seasan period.

Keywords
Strength, power, strecch-shortening cyele, physical fitness, in-seasen, amateur

Introduction

Soccer is an activity that requires specific skills invol-
ving distinct explosive movemenis and muscle actions
at different velocities.” Strength, speed, jumping ability,
and/for agility are important contributing faciors to per-
formance of several fundamental skills in soccer, ™
such as abrupt change of direction, aceelerating, decel-
erating, ctc. Therefore, the development of speed,
jumping performance and agility through specific train-
ing interventions should be emphasized in a soccer
training program.

Plyometric training is widely used, in sports, as an
cificient™ exercise modality for preterving or improving
different features of physical fitness in athletes during
the in-season period. during which the volume and fre-
quency of training should be tightly controlled due to

time constraint.® Indecd, previous studies™ demon-
strated the benehcial effects of plvometric training in
young athletes during the in-season period, suggesting
that specific training during this period might be essen-
tial for matriainig oF bereasing explosiveness. There
is also evidence that plyometric training incorporated
into a conventional soccer raiNing Program can cause
beneficial effects on speed, > vertical jumping perform-
ance,' and agility."" With this in mind. recent studies
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have focused on the efficacy of different plyometric
training interventions (vertical, horizontal, or mixed
training combining vertical and horizontal plyometric
exercises) o imerm'q: the explosive characteristics in
SOCCET pla}m.j' 1% However, there is no adequate
information for the most effective plyometric iraining
regime {verdical vi. horizonial).

The majonty of previous studics, that investigated the
cffccts of plyometric training on different indsces of explo-
siveness in young soccer players, have used a combined
plvometric iraining program consisted of horizontal and
vertical plyometric exercises. The majority of these studies
reponied significant improvements in speed, jumping per-
formance, andfor agility. ™'~ However, only few stu-
dies'™"7 have compared the efficacy of horizontal or
vertical plyometric training in young soccer players.
More specifically, Loturco et al."® compared the effective-
ness of horizomal and verticel plvometric training in
young soccer plavers during the pre-season period. The
authors reported that horizontal plyometric  training
may indoce greater adapiations (o acceleration (up to
10m}, while vertical plyometric training seems to provoke
greater beneficial effects for longer sprint distances {Le.
10 to 20m). Ramirez-Campillo et al.'? alo compared
the efficiency of horizontal and vertical plvometric train-
ing on different explosive indices in young {10-14 years)
soccer players, reponiing that both training routines may
mdwee similar or in some cases shightly different newro-
muscular adaptations during the in-season period.

Based on the above, the purpose of this study was (o
cxamine and compare the effects of horizontal and ver-
tical plvometric training programs on acceleration,
speed, on horizontal and vertical jumping performance
and on agility in young amateur soccer players during
the in-season period. This is of importance since (i)
horizontal and vertical plvometric training may pos-
sibly induce different newromuscular and kinematic
adaptations and (i) both training routines have been
traditionally used in sport settings for improving differ-
cnt features of physical fitness. We hypothesized that
both honzontal and vertical plyometric training pro-
grams will improve finess parameters. We, also,
hypothesized that the horizontal plyometric training
program will induce greater adaptations in acceler-
ation, speed, agility, and horizontal jumping perform-
ance, while the vertical plyometric training program
will result io greater adaptations regarding the vertical
jumping performance.

Method
Participants

Thirty male young soccer plavers volunieered 1o par-
ticipate in the present study. The participants trained

Table 1. Age and physical characteristics {mean = 50) of the

participants.
Bady Bady
Age (yrs)  height im)  mass (kgd

Horizontal phyos 1% I0£375 175006 £9.80<11.00
metric groun

{m=10)

Vertical plyometric 20754614 I 7E2007 TI004 1130
group {n= 10}

Control group 000+351 182+006 77.30+B30
{n=10)

at leasi three times per week, for more than three years.
Following a completion of a medical history form, the
participants were randomly allocated into a horizontal
plyometric training group (HPG; n=10), a wvertical
plyometric training growp (YPG; n= 10}, and a control
group (CG; n=10) (Table 1). All participants were
healthy with no injuries of the lower and upper limbs
at least six months prior to the commencement of
the siudy. Before the imitiation of the study, partici-
panis {or adolescent’s parents) were informed about
the experimental procedures and signed an informed
consent form. The study was condocted according to
the Declaration of Helsinki and ethical approval was
granted by the Ethics Commiitee of the University
of Thessaly.

Procedures

A oweek prior to the iniation of the study, the partici-
panis were informed about the evaluation procedures
and were familiarized with the instrumentation and
the experimental procedures (testing and training).
On the same day, body height and body mass were
measured o the nearest 0.1 cm and 0.1 kg, respectively,
using a calibrated physician’s scale (Seca, Hamburg,
Germany). The HPG and VPG participated in oan
cight-week honizontal (for the HPG) or vertical plyo-
meiric training program (for the YPG)L The partici-
pants (HPG, VPG and COG) were also maintained
their specific soccer training regime throughout the
study. More specifically, the participants trained throe
times per week and playved one official game. The stand-
ard training sessions lasted 60 to 75 min and consisted of
skill activities at various intensitics, offensive and defen-
sive factics, and wvanouws small-sided games. Agplity,
acceleration (10-m sprint), speed (30-m sprint), and
jumping performance (horizontal and vertical) were
measured before and afier the completion of plyometric
training programs. Panicipants were instructed to follow
their normal diet for two days before the testing, to
avoid intense exercise activity for 48h prior to testing,
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and to have sufficient rest the night before the testing.
Participants were also instructed to absiain from any
caffeine, wohacco, and alcohol consumption for at least
24 h before testing.

Messurements

Twao days prior to and after the completion of training
programs agility, acceleration, speed and jumping per-
formance (horizontal and wertical) were assessed.
All tests were conducted in the morning houwrs (8:30—
D0:00 a.m.) under controlled environmental conditions
(termperature: 18-23C and humidityv: 35—45%) and on
the same natural grass pitch during the in-season period
(January—March). Prior to the initation of the testing,
the participants performed a standardized 15 min
warm-up that included 10min of running and 5 min
of dynamic stretching exercises.

Jumping perfarmance. Both horizontal and vertical jump-
ing ahility were assessed. Horizontal jumping perform-

ance wis evaluated using the standing long jump test,
as previously described by the Eurofit Physical Fitness
Test Battery."® Following two familiarization trials, the
participants performed three maximal trials with a rest-
ing period of 60 s and the best performance {in cm) was
considered for analysis. Vertical jumping performance
was also measured by the countermovement jump test
using the Bosco ergojump system (Ergojump, Psion
CM, MAGICA, Rome, lialy), as previously described
by Gerodimos et al." The gystem estimates the eleva-
tion of the body mass center based on the ﬁ;;ght time
and calculates the height (cm) of the jump.™ Durnng
CM), the participanis kept their trunk in an upright
position and their hands on hips. The participanis
were allowed a downward movement by rapidly bend-
ing {at 90°)y and extending their knees to jump as high as
possible. The selection of 907 knee angle (semi squat
position) was based on the fact that at this angle, the
knee is better stabilized during the phase of contact
with the ground.®™ To ensure consistency in jumping
technigque, the %0° knee angle was measured using an
clecironic goniometer. Following two familianzation
trials, the panicipants performed three maximal trials
with a resting period of 605 The best performance
(in cm) was considered for analysis.”

Acceleration and speed. Acceleration and speed were
assessed using the 10m sprint and the 30m spring
tests, ! respectively. All tests were performed in a nat-
ural soccer turf, and the participanis wore their sooccer
fiaotwear during the test. Sprint times (for both 10 and
30 sprint tests) were recorded o the nearest 0,01 s using
clectronic timing lights (Mewtest PowerTimer, Mewtest
Oy, Oulu, Finland). All sprint tesis staried from the

split stance position. More specifically, the participants
placed their front foot 30cm behind the first photocell
and started their effort upon hearing an awdio signal
from the system. The participants performed thres
maximal trals for each test with a rest period of
3min between cach sprint. The besi recorded sprint
time (in seconds) was used for the anaJ:.lsi:‘..n

Agihity. Agility was assessed using the [linois test accord-
ing to the recommendations of Miller et al™ and
Hachana et al™ The performance times during the
[llinois test were recorded to the nearest 0015 using
clectronic timing lighis (Mewtest Power Timer, Mewtest
Oy, Oulu, Finland). Two timing gaies were used during
the test; one at the start and one at the finkh line. The
participants performed three attempis to both lefi w
right and right to left directions® The participants
were instructed to complete the test as quickly as pos-
sible. Three maximal irials were performed (at each dir-
cotion) with a rest period of 3min and the best time (in
seconds) was used to evaluate performance.

Training program

The VPG and HPG participated in an eight-week plyo-
metric training program that was performed one day per
week (eight training sessions in total) and consisted of
horizontal for the HPG or wertical plyometric exercises
for the WPG; at the same time, the CG performed tech-
nical drills of low intensity. Each training-session lasted
90 to 23 min and consgisted of 25 min warm-up (15 min
running and 10min dynamic streiching exercises),
30 min plyometric training (horzontal or vertical), 23—
30 min soccer training and 10 min cool-down (3 min run-
ning and 3 min sireiching exercises). The training load
(wolume, inensity, numbser of exercises) was equated
berween the two groups (HPG and WVPG) (Table 2).
Dwuring the plvometric intervention, the total number
of foot contacts progressively increased from 60 o 110
in both HPG and VPG, All exercises were performed
with maximal effort and all training sessions were super-
vised by the principal investigator of this stwdy.

All data are presented as means £ 50 and were analyaed
using Siatistica software (Statistica 100, Statsoft, Tulsa,
Oklahoma, USA). The normality of data was examined
using Shapiro—Wilk test. Two-way ANOVAsS (group:
horizontal, wertical and control; time: pre and post)
with repeated measures on “time™ factor were used o
analyze the data. In case of significant ®group = time™
interactions, Schefle post hoc tesis were applied to locaie
the significantly different means. The intra-scssion reli-
ahility for speed., agility, and jumping performance
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Table 1. Training boad during the vertical and horizontal plyometric training programes.

Vertical plyometric group

Haorizontl plyometric group

Weeks Exercises Sers Contacts Exercmes Sets Contacts
1-2 ‘Vertical ankle jumps 4 & Horizontal ankde jumps 4 &
Counter movement jump 4 & Long jumps 4 &
Front obstacle jumps 3 4 Dizgonal obstacle pumps 3 4
Tozal I &0 Tozal Il &0
i—+4 ‘ertal ankle jumps 4 K Horizontal ankle jumps 4 10
Counter movement jump 4 & Long pumps 4 &
Front obstacle jumps 4 4 Dizgonal ocbsacle jumps 4 4
Tozal 12 an Tozal 12 an
5—& Counter movement jump 5 B Long pumps 5 B
Front obstaclke jumps 5 5 Dizgonal chstacle umps 5 5
Dirop pump (40cm) 5 5 Multiple long pumps 5 5
Tazal 15 90 Tozal 15 0
7B Counter movement jump 5 ] Long umps 5 1D
Front obstacle jumps 5 & Dizgonal obstacle jumps 5 &
Dirop pump [40.cm) 5 & Multiple long jumps 5 &
Tozal 15 i Tozal 15 v

Inperaicy: eoerciees were performed with maximal effort (inoensice: 100 %), Resc -2 min between sers and 3=3 min berwoen ooerciees.

values was determined using the intra-class correlation
cocfficient. The reliability for all pre-training tests ranged
from 081 to 0.99. The level of significance for all statis-
tical analyses was set at 2 = 00035,

Results
Acceleration {10-m sprint) and speed (30-m sprint)

A significant “group = time™ interaction effect was
observed on 3km sprint (Faa=6.24; p<0.01)
(Tablz 3). Post hoe analysis revealed that 30-m sprint
performance improved post-intervention compared Lo
pre-intervention for both HPG {p<=001) and VPG
(p=000)L In CG, 30-m sprint did not change during
the study (p = 0.03). Post hoc comparisons between
groups revealed that pre-training and post-iraining
sprint  walues were not  different  between-groups.
Morsover, ANOVA revealed non-significant “group-
= time™  interaction on  ll-m  sprint  performance
(p= 0.05) {Table 3).

Agilty

AMNOVAs indicated a significant *group = time” inter-
action effect on agility (rfight side: F; = 10060,
=000 left side: Faap=35358, p<0.01) (Table 3).
Agility values for both right and lefi sides significantly
improved post-training compared to pre-iraining for
HTG (p<0.01) and VTG (p< 0001), while remained

stable throughout the siudy for the C0. Post hoc
comparisons between groups revealed that pre- and
posi-training agility values were not different between-

ZToups.

Vertical jumping performance

A significant *‘group = tme”  interaction effect was
observed on vertical jumping performance (Faa=
T.38, p <= 0.01). Post hoc analysis revealed that vertical
jumping performance improved posi-training com-
pared to pre-training for both HTG (p<0001) and
VTG (p-=0001), while it remained unchanged for the
CG (p=0.5T7). Post hoc comparisons between groups
revealed that pre- and posi-training wvertical jumping
performance values were not different between groups
(Table 3).

Horzontal jumping performance

The AMOVA test demonstrated significant “group-
x time” interaction effect on horzontal jumping ability
(Fiym=>014, p<00l; Table 3). Post hoc analyses
revealed that  horizontal jumping  performance
improved post-intervention compared 1o pre-interven-
tion in HTG {p <0001}, while it remained unchanged
for VTG (p=0.123) and OG (p=0.99). Post hoc com-
parisons between groups revealbed that pre- and posi-
iraining hornzontal jumping performance values were
not different between-groups.
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Table 3. Acceleration, spoed, agiicy, and jumpieg performance
wales in the borizoaml plyomecric (HPG), vertcal plyomecric

(¥PG) and concred (CG) groups pre- and posc-rraining.

Varlabhes Group  Pre-training Pewr-craining

Spine

10 m (5] HPG 182 £ 006 I.76 002
VRG AT 008 182 =008
oG (.1 W AT 001

30m () HPG 1MEaly £ BN
VRG 1e5+02 184 L0™
- 1l 037 a0 £03%

Agliny

RE (5] HPG 164 041 IB 12 =0L14*
VRG 1714 040 16.54 =0 18
- 1T 12035 1710038

L% (5] HPG 1EFI 046 16.3] 0 k™
VRG 1723054 1675 L 04+
- T2 046 1713 =047

Jumping abiey

Horizoemad (emj  HPG 2368+ 490 428 £ 8 10T
VRG 15070 3B L5H
- g4 L1020 1A =939

Wertical {om) HPG T 100 redre
VRG FL e E 1] s
- EFAIE . ¢ 125+68

Febe: Valses sre Faarm 3+ 50
b« L0 v pre-braiming i HPG and VPG

'r:ulnpu-ﬁ'-"-'q_h HPG

Discussion

The nowel aspect of this stedy & that @l examined
and compared the effecuveness of two different plyo-
melne triamng inlervenisns (orizonial amd vertioal] on
acveleration, speed. jumping performance, amd agiliy
in young soccer players dunng the m=sson perod.
Ower results demonsirate that eight weeks of horponial
or vertical plyomelne traimng programs, moorporated
inlo the conventional soccer Iraming, may  mdoce
stgnificant improvements on speed, agility, and vertical
jumping ahbibity, with no effects on acoederation.
Furthermore, we observed that boroeomial jumping pers
formance was sagmbcantly improved only aller the
horzontal plyometne traming. However, il shoukd be
mentioned that there were no significant differences at
paosl=lraining measuremenls among groups {plyometne
groups vi. convenbonal soocer group).

Acveleration and speed are imporiant parameters Lo
succesd in soccer.” Our findings showed that eight ses-
spons ol horontal or verteal plvometnic traming {exght
weeks, one dayfweek) mproved speed (30em spminl

performance) by approxmately 2.70% for HPG and
by 3.11% for VPG in young soccer players during the
m=season period. Cur resulls are in agreement with pres
vious sludies thal employed different plyometnc trams
mg mlerventions (e.g. boreontal, wverbcal or moxed
tramng combining honeontal and veriesl exercies)
in young amdfor adull soccer players™ " showing
similar improvements mosprnt performance. The pre
senl and the previous stodies that ded document posis
tve iraiming effiects of plyometrc trainmg on speed
have wsed trammng duration ol ssven o eight weeks
with traiming frequency of one to two days per week
ancl fotal amount of fosl contacts of 40-1100 On the
other hand, our resulls parisally contradse the findmes
of Ramirez-Campillo el al.™ who investigated the
neuromuscular adaplatons of 4 verical plyometnc
tramng program (seven weeks, bwo sessionsfweek) in
wvoung socver plavers durng the imeseason period. The
authors reporled thal a vertical plyomelne lnuming
program conssting of high intensity drop jumps did
not have significint effects on 20=m sprint pefformance.
The discrepancy in the findings of our and previous
studies with that of Ramirez«Campillo et al.™ may be
related 1o the mdependent andfor interacive effects
of the sample used (a muixed sample of lale adolescents
and young adulls vs. a maxed sample of chaklren and
adolescents i the previous study), the traming load
of traming (H0-110 ool conlacts vs, 60 foad cons
tacts im the previows studyvh, anidfor the tvpe ol plyos
mefric eXEncises.

The shori=lerm wertical or horzontal plyomelnc
trainmg program (eght sessions) thal we appled in
our study did not improve sceelerabion (10=m sprint
performance) in young soccer players durmg the
m=season penod. In the same context, an earhier study
also reported a norestgmificant improvement on 15-m
sprint performance ' following the completion of a vers
tical plyomelne lrumng program consisting ol drop
Jumips. The authors concluded thal vertical plyvomelnc
tramng por se does nod improve the accelerabion in
soccer players, and recommended the inclusion of horis
rontal plyometne exercises mie the lnuning program
for the improvement of acceleration phase duning
sprinting. In thes stedy, although we appbed a horoons
tal plyometne triming program, we simll dad mol abserve
mprovernents in acceleration. Thus, the nesults of this
and previous stuches sugeest thatl verbcal or honzonial
plyometne lrumng might nol provide an adequale
stimuluz o improve acekeratwn. Thas nodem has
been  strengthened by previous  invesbgators  whao
report that it is more difficull to improve the imtial
acceleration phase than the maximal runmng velocity;
this is possibly due 1o a smaller margm for maproves
ment and the different forces mvolved "™ It is poss
sible, however, thal a more demandmg  (mienss)
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plyometne  trammg protoool with greater  douration
amd truining frequency might have resulted Lo guans m
avceleration performance. In contrast to ours and  pre-
vious fndings, Chelly et al.® documented an increase m
acoelerabion {5=m sprint) afler erghl weeks of wertcal
Plyomelng lrumng program (ramme fregquency: taas
sesaonsfweek ) durme the in-season period n males
soicer players.

The basac movemenl pallerns in socoer reduere igh
levels of ug:il:il:r." Indeed., many activilies 10 socoer
demamd rapuil changes of direction. Therefore, the
developmemt of aglity throwgh specfic plyometnc
traming mlerventions, which mprove the rate of lonoe
development, the power outpul as well as the eflicient
use of strelch-shortening cvcle (550, should be empha-
sized in a soocer traming program. ™2 Many actvities
i soeccer, such as sprnts, rapid changes of directson, or
Jumps, activale the mechansm of ssC. " Dunng the
580, the muscle 15 inrmally sirelched (ecceninic action )
antd then shortened (conceniric action)].™ Plyometnc
traming hax been shown 10 oblize and improve the
550 mechamsm, and therefore, 13 recommencded by
many sports scienisls as an elbicient truinmg modaliny
for improving different explosive actions such as agility,
jumping performance, ami maximal amd  explosive
slrungm.M Imifeed, thos siudy showed that a plyo-
meelnc lnumng wing either vertical or Aorizenie! exer-
cuses results in a 2.5-3.7% gain (redwced ime) in agmbity
i young soccer players dunng the im=season penod.
It shoubd be nobed that the magniude of tnuning
effects dul not delfer belween the lwo trainme groups
{hevizenie! vs. vertical). The Ondings of the present
stmly are in lme with preveous invesbgalions reporling
similar gains m aglity (using the Minos vest) afier a
vericil or an homeontal plyometne anmg m young
SO0CET pl;l.:.'cr:.-""n"""*""'u'.l'.l'l.us. both plyomelr Lram=
img regimes may be used as elfective exencise modabities
i soccer players for preserving or improving ambity
during the im=%eason persod.

We observed thal an eighl=-week (aghl sessions)
homzonial or vertical plyomelnc lraning  progrom
mmproved (by approxmmately 3. 2-58% ) vertical jumipe
mg perfomance m young sooier playvers during the me
season period. These resulls are in accordimce with pre-
vious studpes® 0428 by evamuned the elfecs of
plyometric training, using a vertcal™™ or 3 mixed
{horizontal and vertical) tramning miervention™ %
reporting segnifican! improvements m verlical jumping
performance. We also observed that only the horzonial
plyometne trainmg program  sgnificantly improved
{by apprommately 15 %) the homeonial jumping
performance  mdicatmz a degree ol speaficity of
traming regarding the apphcation of force production.
However, we dil ned observe spnificant dilferences
al post=lruming  measurements  belween  the oo

trvining groups. This finding 15 in agreement with previ-
ows studies"™™ examiming the effect of mixed (horizon-
tal amd vertwal) plyometnc mierventons reporing
a smilar sagnificanl gain in horizontal jumping per-
lormamce. It has been reporied that honzontal jumpmg
performance 15 an imporiant element o succeed 1o
soceer,'” thus coaches and fitnes professionals should
mitke the appropriate decissons regarding the mode of
plyvomelne raming {(horzonial or verial plyometnc
traaming) that they should mmplement.

The resulis of the present study have mmportant prace
tical mplcition demonstrating thal an exghteweek
plyvomelnc traimng incorporated inlo a conventional
sooter lraming program may kmd o greater improves
menks in numerous explsive actions than soccer Lrin=
ing abome; even with a mammum tramng fregquency ol
one sessmonfweck. There 15 evidencoe that the abaliy
to orafmiain or mmprove different explosive features
ol physical fitness during the in-ssson penod & of oro-
cial importance dee W the bmiled Ume available lor
individual trmming. Thess improvemenis m vanous
exphosive acions, as o resull of plyomelnc Lraining,
would be effectively transferred into the game-play per-
formance.™ Acconding o the results of this siudy,
it also appears that conventsonal soocer Irainmg per
se & nol an efficient trainmg stimulus o preserve or
frpreve  these wvamables in this  populatien. Thes
remark highlighits the importance of a specific trainmg
inlerveniion 1o preserve or enhance vanous explosive
indices 1 soooer players dunng the meseason pervod,
where Lhe emphass 15 mostly placed on the lechmcal
and tactkzal development. However, il should be mens
tiomed thal we did nod ohserve sgnificant dudferences at
prsi=lraining mespsurements among groups. The lack
of differences among groups (plyometne groups and
convenbonal soceer group) thal we detectsd may be
partially attrbuled to the traming stmmuolus (e ol
truning sessions, lmuning (requency, el generated
in this study. Thus, a plyomeine ramng siimulus cone-
smted of one sessonfweek is sufficent W preserve or
slightly improve jumping performance, speed, and agil-
ity in socoer players during the messason. For further
improvements in jumping performance, speed and agpl-
ity m young socoer players dunmg the ineseason pervod,
woaches and fitness profiessionals need Lo perform more
specialored trminmg interveniions.

Conclusion

Shoril=-term hornzontal or vertical phvometne miervens=
tons {exghl weeks, ome sssionfwesk, G0-110 [ool con-
lacts) are efficeenl lraining modalies for improving
vertical jumping performance, agilily, and speed in
young sodcer plavers during the inesesison. Omn the other
hand, no effecis were docmmented on the accsleration,
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sugrresiing Uhal an allermative traimng strabeey (e hagher
Frequency of rammg andor grssier duriion) s regquired
s mEnprove Lhos paramesler in young soccer players, espe-
cally i those innmog peniods when the challenge 15 the
enhancement of physical Biness (e presseason). Furiher
stuclies are reguired o determuine the ellicency of horis
aontal and vertkal plyomelne Inumng programs, usmg
afifferent training chamcenstes (Le. grevler raining fre-
guency, tmmmg duraisn elc |, S0 as 1o mprove mope
parumeters of physical litness ol soocer plavers.
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ARTICULO 2

EFFeECTS OF IN-SEASON PLYOMETRIC TRAINING
WITHIN SOCCER PRACTICE ON EXPLOSIVE
AcTioNSs OF YOUNG PLAYERS

Ciésar MeEvLan' ann Davine MaiaresTa®

! fmstitute of Sport and Recreation Research New Zealand, AUT Unrversity, Awedlond, New Zealond, Austrafio; and
fustitute of Spart Science, University of Lusanme (ISSUL), Stwitzerland

ARSTRACT

Megtan, © and Malatesta D, Efects of n-ssason plyomeinc
tramning within socoer prachice on egplosye achons of young
players. J Strength Cond Res 23(8): 2605-2613, 2008-In
socoer, xpiosive aclions such as jumping, spanbng, and changes
of directon are ssseatial bo optimal pedormance pet oaly in
adulis, but also in children's games. The purpoese of the present
nvesiigation was to debterrmire the mfuence of a short-1amm
plyormeins trainng withan regular soccer practics on explosne
actons of early pubertal soccer players dunng the In-season.
Fourtesn children {133 = 06 years) were sslected as the
tramning group (TE) and 11 children (131 + 006 peas) were
defined as the contral greup (CGE). All chaldren were playing in
the same keague and trained twice per week for B0 minues with
the same soceer drlls. The TG followed an Boweek plyomeinic
program {Le., umping, hurdling, bouncng, skipping, and
footwork) implemened as a subsiiule jor some soccer dnlls
o oblain the same session duraleon as GG A basslne and
affer trainmng, eaplosive achons were assessed with the
fallowing 6 tests: 10-meter sprnt, agity test, 3 vertical jump
tests (squal pmp [S1], soumermevement ump [CW], contast
test [CT] and mulbple 5 bounds test [MBS]. Plyometnc
framning was associaled with signihcant decreases n 10-m
sprind fime {=2.1%) and agikly 1=st time (=B.6%) and
sigraficani moreases in ump height for the Ch (+7.99) and
CT (+10.8%). Mo significant changes in explosive actons afer
the B-week period were recorded for the GG The curent siudy
demonsirated that a plyometne program within regulsr soocer
prachce mproved explosive achons of pyoung players compared
o somventional soccer training anly. Therelare, the shod-lem
plyermetre program had a benefical impact on esplosive

Thee resmahis of the present sbady do mot constinme endorsement by the
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Address comespondence 1 Cisar Meyan, cearmeylanifianr acnz.
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achions, such as spontng, change of dmechion, and jumpng,
which are important determinants of match-winmng achions in
socGer performance.

Kevy Worns agiity, initsal acceleration, stretch-sharlening
cyche, verkical jump

INTRODUCTION

oecer 1% an intermittent sport that requires different
physiokogeeal components. In modern  fooball,
physakegreal consideratons are incressingly essen-
tizl to optimal performance not only m aduls, but
also in children. The capacity of secer plavers to produoce
vared foreeful and explosve actioms, such as sprintmg,
Jumpring, tackling, kicking, mwening, and changmg pace, highly
influences soecer match performance, as supgested by others
(30). The capacity to repeat explogve bouts is an mnportant
determinant of player performance (35) and is sssockted
with high serobie power (Viogmax) (31). However, the ability
w produce a powern] angle-bout effon (e, explsne
At 1% a5 pnporiant a8 aerabic power for success in soccer
(3. For mstance, high-speed sprinting only contributes ug
1o 3% ol the votal destanee covered in chaldren's games (6, yet
mast crucial moments of the gpme such os winming ball
posmesgon, scornng, or conceding poals depend on e (309
Lrtiad avcveleration, jumpayg, and agility wre various explosive
actwms that are crucml when the player & involved in Gst
game play. Indtial acceleratson can be referred 1o as shont
sprint (0-10 m) (23}, and sgrlity con be recogmized as the
ability to chanpe direction, start, snd stop quickly (25 ,34).
Game analvses have demonstrated the importance of these
dqualities 10 soccer sinee @ mesn spont e of 2.3 seconds
(10-12-m sprint) (&) and a mean of 50 wms per guome have
been recorded (38). Such explosmve sctions are integral
elements for suecess in soccer and love to be trmned
independently Fom aerobic power with an optimal trainmg
progrem [ 18).
Traming for masximal strength has been sugpested 1o play
a major role in mproving explosive sctions as a result of an
incressed foree avadabdity (11} Conversely, explosnve high-
velocy training has demeonstrated preater mprovements in
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Plyometric Tralsing for Young Soccer Players

Tame 1. Anthropometrio characteristios of the 2 geowps (mean = S0
Training group {n = 14} Caontrol group {n = 11}
Pre-T Post-T Pre-T Paost-T

Ape [years]) 133 =06 136 = &b 131 123 = a6
Stature {m) 168 = .o 1.61 = e 163 i 166 = 0.1*
Body mass (kg 4l = 8.6 466 + guade 474 = 6 483 = g

[EEE

FraeT! priviraining; posl-T: poa-iraiferg.
*Gignifican difanence nom prclesl within e greup (< 0U05).

rate of force development and explosive actions in
comparison with treditional weight training methods for
merdmal smength (17,36). The literatare related 1o children's
have found that changes in sirength had a significant effect
on explosive actions (7,19, whereas others have repored no
significant improvemenis (14.16). The shsence of several
stimuli during srength trairing could explyin this ineonsiss
teny: (0] segmental coordimetion, in regard io power
transpant by hiarticular maoscles, and neural comtrol mechs-
amisms for optimal movement patterns (32); (b specificiny,
aconrding bo joint angle and angular velorcities (13); and {c)
ercentric overloading (15).

Flyometric traiming does provide sach traiming stinmuli and
has shown evidence io improve explosive actbons in pobertal
(3.26) and prepubertal (12327 popuolatons. Previoos
roncerrs regarding the safety of plyometric aming for
children have been dispelled by the American College of
Sports Medicine (1L To minimize the rsk of injury, close
supervision, proper technigoe, and progressiee  fraiming
programs  have to be ondertsken. Becouse phaometric
training requires similar meovements epoountensd o ussal
playing activities of children, oo specibie strength bevel &
regpaired b0 commence a phyometnic program (Y C-ssason
and presssgeon plyometnic proprams may  reduce  the
imstance of imjuries and improve sport performance in
children by sirengthening the supporting simocbores [Le,
bBgaments, tendons, and bome) and eshancing  musoular
performance (muscular strength, musoalar endorance, and
mascular powerl An inactive offessason period of B io 12
weels iz likely to result in a state of detraining in children
22, Flyometric programs, in omollaborsion with  other
pre=season to bring the children to a certain htness level for
thie bepinning of the seazon In soch training program design,
it is difheulr oo allocaie the improvement in explosive aotions
in the plyometric training only or the combinaiion of the
traindng. Previows stedies (5.26) demonstrated the bemehits = pola. ~ Fols
of o plyometric training program in pobertal boys doring
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2 basketball season, asppesting that in=seson specific training
might be necessary to maintoin or inorease the eplosive
actinns ability. However, in previous stodies investipating the
efiect of plyometric training on explosive actons of pres
puberiol and pobertal children (5,12,2223.26), pleometric
trairing was always an additional boad o the regular spore
activity, mising the question of whether the improvement
wirs @ resuli of the new training regimeen or ooby because of
the odditional training load. To the asthor's knowledpe, it i
unimowm if o shomsterm plyometnic program implemended
a5 @ sushstitate for some soccer drills within SOCCET
of early pobertal players compared with soccer troining
alone. It was hypothesized that the combinaton of soccer
drills and specific power training with no additional training
time in=season would enhance explosive actions 1o o greater
exient than soceer drills only.

Memops

Experimenial Approwch io the Problem
This study examined the abdity of a shortterm pheometric
trairing program im plementsd o o substise for some socoer
drills within repular soccer practioe to improve explosive
seasan. Two groups were formesd fom early pubertal male
r players; 1 followed the modified soccer practice
(training groap, TG) and the other ollowed the regalar
socoer  practice  (conirod  groap, OGL All  participanis
completed a hatery of 6 tests belore and after an Swesk
perind. Tesis weres related to different jomp vanahles, inital
acceleration, and agility, which were regarded & essential
components io be sooresshil i soccer (31). All participanis
artendesd 3 practices per week hsting for 90 minobes

Lippincott Willams & Wilkins.

Suhjects

Al tesstingg proscedures and risks
parents and participamts were
asked o provide their written
consent priar to the start of the
study. The stody was approved
Bonard for use of human subjects
of the uriversity. Fourtssn socs
cer players belonping o the
samee team were enrolled as the
TG amd 11 soceer players from
a different team were defimesd as
the (0. Al players had a 2= to
deyear background of systems
afic soocer iraining and coms
petition experience and had just
followed a d-week pre-season
training after 2 months of odfs
segenn training.  Handomimed
assipmment of pardcipams was
not passdhle becanse of practical Emitations, Flowerer, both
teams played in the same league ond ape growp and trained
twice @ wesk for B minutes uing the same soccer drills. The
anthropomeinic characteristics. of the participants. are pres
sented in Table 1.

Tasting Procedures

Smndardized tests of explosive octiors were perfomed befiore
and mmmediately after traiming ander the same weather and
tield conditions. Testing sessinns were scheduled 248 hoars
following a compsetition or hard physical traimicg to minimize
the inBoence of Eripwe. Panticipants followed o familiarization
session to reduce amy learning effects. Prior to testing, sach
subjert underwent o 13=mimute progressive standard warnme
up on the hield. All tests werns perfonmed on the same day and
supervised and recorded by the same mvestigators. Test order
was the same on both testing oocasions and the better scone of
¥ imiaks was recorded for further analysis. Two minoabes of rest
was accorded between each trial o reduce fatipoe eflects.
While waiting, participants performed lowsintersity activiny
o maintsin physiological readiness for the net st
Fertina! Juogpy Teste All vertical jump heighis were caloalated
from fight time (2). Both Hight time and comtact time were
meegsred with o juomping mat (Ergojump, (Globus [alia,
Codogne, [taly). Three difierent types of vertical jamps were
periormed to assess specific parameters of the performance:
squat jumg (5[], countermosrement jomp (CH]), and comtect
test (CT). For all juomp assessmenis, panticipants were asked
to keep thedr hands placed on their hips to eliminate arm
swing and o ensure that the back remairs wpright to reduce
anpular displacement of the hip. Participants also had to leave
the gromnd with the knees and anldes extended and land
in the same position and location o minimize horizoneal
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Tame 3. Resulis of squat jump (50 and counlermosement jump (ChU) imean = S0

Training group (= 14] Canirol group (n=11]
Pre-T Post-T 9 A Pre-T Past-T A
&1 (em) Ao x4 05 +a2 08 276 =aM 250 + 36 -4 5
Ch o) A48 + 44 A2 xa4F 78 ape = a1+ 96 + 1.8¢ -38

PrieT! prviraining; PostT: pedbirainrg, B 40 chllirenios Estwaoh Posi-T and PraeT (Sh).

"Sigrifican ditarance from gt within e gnoug.
+ Significani difarance batwean the 2 grous (o < 0.05].

displacemment and influence on Sight time. The 5] corsisoed of
Jjumping vertically from a siatic squatting position with a knee
angle of 121 degress. assessing conceniric power of the lower
himbs. The CM| test was comparable to 5] eocept that
sabjects started the jumps with a rapid downward miovement
(approximately 12=degres knee angle) to activate the slow
siretcheshoriening cycle (S50 =250 msj. The OT consisted
of jumpirg oener o 2lecm hardle, and, oo comtact mat landing,
immediately jumping & high & poasible. The objective was
o maximize the ratio between height and pround coniact
timne {{CT), called reactive strength. (10} These instroctions
reguired the participants to quickly reverse the dowmward
mation of the body to an upward movement indoced by
a fast 350 (=250 ms) muscle action of the leg extensaos. Such
technigue has previously been found to produce small knee
Hexdion and short GET (2). Jumping height after rebound and
GCT were recorded for CT. Reactive strenpth was caloobied o
previcushy reponted in the eratare (40 Height (omGCT ()

Miliepde 5 Povonats Test. The muhiple 3 bourds test (MEBS) was
started from o standing position. The participants thed to
cover the longest distance by performing a set of 3 forward
jumps with alternative lefte and Aightsleg comtacts. Becaose of
itz specificity, espedally for spocer players, the MES test &
nften used irstead of the vertical jump as a messare of moscle
power and coordination (12). The distance of the MBS was
mesasured to the nearest 05 om wsing o tape messare.

{0 Sprmwd. Indrared photoelectric cells with polarizing hlters
and a handheld computer were used to measure sprint times
to 1710k of o second (Globes Holis, Codopne, Haly) and
were placed at the start and at 10 m. The starting positon was
standardized for all participanis. They staried in o sanding
position (split stance] with the tpe of the preferred foot
foraward (.3 m behind the starting gate. This was intended io
allow some forward lean and caose trigeering of the timing
svstem as soon & the subject moved. The phatocells were set

approimately (U6 m ahove the oor, which was oypécally
around hip level to capture the tnumk movement rather than

a fabe tripger from @ limb. The participamis were Dot
permitied touse a “rolling™ start, to eliminate momerstum, and
were instrocted o sprint with masimam effort when they
were ready. All sprints were perdormed with rumming shoes on
2 hard surface ouwiside.

Ay Test. The agilicy test was performed on the Beld, with
socrcer shoes, and consisted of four Asdegres changes of
direction over 1l m (Figare 1). The tming systemn and start
procedure were the same as the 1 lem sprint. Poles of approxs
imately 1.5=m high were placed on the Boor o indicate the
change of direction. The participants were not allowed io
touch the poles & they sprinted and changed direction. Thas
test wis selerted because it required acceleration, decelers
ation, and balance comtrol, which are facets of agility (34 1ts
relative simplicity minimized the role of leaming effects.

Tradning Frogram

For a perind of B weelks insseason, the T periormed varioos
plyometric dnlls for 20 to 25 minutes as o suhstitote for some
soccer drills within the usnal Seminuie pracice twice per
week. All plyometric sessions were performed just after the
wanm=ap o ensure that the players were in a rested state and
gain optimal benefis from the specific program. Taking into
corsideration the stress of the plyometric traming on the
musculntendon unit. exercise inlersity was progressively
increased from o level classibed o2 low o moderaie, an
appropriate intensity for children (1,8). Exercise intensity was
determined as low to high with o scale of 1 1o 5 (8} and
exercize volume was determined by the sumber of ground
comacts. The weeldy load was caleulated with the following
fnrmaula: intersity *® wolome. The program was periodized in
2 progressive macrocyles of 3 wesks and | final progressive
macrocyle of 2 wesks (Figure ).

Fyometric drlls incuded muliiple jumps (ankle hop,
vertical ond lateral hordle jomp), horzontal and leteral
bhounding, skipping. and foctwork (speed ladder). Each
plyometric session was composed of 4 different exercises
and 2 to 4 sets of 6 to 12 repetitions. All exercises were
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exerwied on the grass to reduce bnding impact. Bacanse mast
children did mot have amy history of plyometrics, partioalar
attenition was paid 1o demonstration and execoton. Four
hasic techmiques were siressed: (o) commect posture (Le. spine
erect, shoulders back) and body alignment (Le., chest over
knees) throughout the jump; () jumping straight up for
vertical jumps, with o mcessive sidestosside or forwards
hackward movement; (o) soft bndings inchiding toestoshes
rocking and bent knees; and {d) instant recoil preparaton for
the next jump. Phrases such as
“shock ahsorber™ and  “recnil
like a spring” were used as
vethal ond visualiation ooes
for each phase of the jump & 4
(M0 Finally, some principles
were respected for  optimal
hlﬂ;&ﬁtp&ymﬂmm—
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2 minimum of 48 hoars sepas
rating each session and pames
o ensure the players were
always fresh to compete (E).
All evercies were adapted to -
the coordination capacity of

the children and perfomed at n
full speed. Mo drill lasbed more
than I seconds o ensure that
muscular energy was mainly 205 1
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exerces to allow for resynthesis I 55 4
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Subject Characieristics
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Tame 2. Resulis of contact fest (CT) [meen = S0).

Tradning grown (o= 14]

Controd geoup {r= 11}

Pre-T Post-T o A Pre-T Post-T LY
Height {om] 3.1 = 44 341 £ a4° +10.9 2000 = 5.8 282 = 3.6+ —-0e
GLCT {ms] 243 = 45 232 = 40 —26 203 = 39+t 182 = 34+ -3.B
RE jomis) 132 = 28 182 = 31 +175 148 = 38 151 = 3b +5.F

FrieT: preciraining; Fosi-T! posi-rsining; % A0 dillerancs batmoos PeabT and PreeT (i) GCT: ground oot liva] RS neaciie

"Bigaifican] diforania from geclil within the grougp.
+ Sgnifican difarates bateosn thi 2 grougs (o < 0UOE]L

Mo sigmificant differensce between the I proups was reconded
before or after training (Table 1).

Jump Performands
Fertinal Fuemp Tsts Changes in 5] and CM] height are shown
in Thble 2. At baseline, jump heights in 5] and CM] were
signihicantly higher in the TG than in O (p < L03). Afver
the training perind, TUF demonstrated a significant increase of
5% im CMJ (= DUMH]), whereas the change in performance
af the €03 in this test remained nonsignificant (@ = L15).
Figare 3A shows responders and nonresponders o training
are]l meun scores of CM] peformance for the TG (10
responders v= 4 nonresponders . Mo significant madiBcation in
5] periorrnance was recorded inoany of the groups (p > 0U05).
Tahle 3 illustrates the changes in CT varables. At haseline
and post=traiming, GOT af CT was lower in O than in TG
(= 0.03). The phrometric training followed by the TG had
a benehicial impact on fast 350 movement of the lower limbs
rebumd  increased by 109
(¢ = 001} Figure 3B shows
responders and mooresponders
to training and mean scores of
jump height after rebound bor
the TG (11 responders v 3
nonresponders).  Fhowever, no
significant infuence was obe
served on GOT (¢ = 0.03),
resalting im 2 nonsipnificant
change in reactive strength 1.ES
(¢ > 0.05). The O exhibited
no significant changes in aoy of I
the CT varahles ( = 0.03).

.10
2415

RELE]

I m sprint {sh

B = 005). Sill a sgnificant difference between CG and TG
was pbserved [ = 0T after training, induced by a 4%
increase in this test for the TG (@ = 0.06). In additgon, 3ME
performance and reactive strength were positively correlated
{r=[l.ﬁl!|-;|pl‘-: LR

Sprint Parformands

ilepn Spwme. A baseline, the TG was signifboantly Gster than
the U0 in the llem sprint (p = 002). Tmining l=d io
a signibcamt decresse of 1% (1% = 0T to 192 = 007
sunundxp:[l.[lﬂ-l:lm:pri.rﬂ timne bor the T, whereas no
significant altermtion of the OO0 perfformance was reconded
(206 = 2 wo 201 = 007 seconds; p = 0.15). Figure 5C
shows responders and nonresponders to traming and mean
soares of 1l=m sprint time for the TG (12 responders vs., 2
nonresponders). After the tmining pericd, a sipnihicant
relationship betwesn CM] perdformance and 1lem sprint
timee was found {r= —I].l'i-'.T;lp= LT} (Figuare 4).

¥ = 005 + 2 35T
R = 04503

Multiple 5 Hwemas Tert The
imtervention had no impact on
3 rebound jumnps in either group

el 15 £ 45 =0
CMAD (L

Figuna 4. Coseiatios, barbwman 10vn aznnt and cosntsrmovemant jorms (CWU o poxd-tmimrng saluss of tha

(TG99 = 0% 1o 103 *= 06 m; traimirgy groep e 14) (o o0 Q0T
OG- %93 = 10 o 96 = 06 m;
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Aty Test The training program had a beneficial impact on
agility of the TC, resulting in a significant decrese of 96%
(169 = 016 1o 424 £ 017 seconds; p < 0001) in the agility
test time for the TG In contrast, agiliny test time signiScarily
incresed by 25% in the OG (158 = 022 o 470 = 0235
secands; g = 0.03). Figure 3D shows responders and noce
responiders to traiming and meean scores of agility test time for
the T (13 responders vs. f nonrespaooders).

Discuasion

The current study indicated that B wesks of pheometric
traicing within soccer practice induced postive effects on
explosive actiors of early pubertal soocer players. Significant
improvements were ohserved in [lem spring, agility test, jump
height (CA]). and jump height after rebaoend (CT L Figure 3
highlights these resulis, showing that in most cases not ondy
men group improvement oocwmed, bot alss individoal
improvement (responders v nonresponders). Mo significant
changes in amy test vanabls were observed m the 00,
demonstrating the importance of specihc power training
to enhance explosive actions of soocer players. In addition,
becanse haseline datn showed a significant difference
betwesn the 2 groups in CM] and [lem gprind, the window
for improsrement in these vanahles was smaller for the T,
5dll, the TG demonstrated o smristically significant perfon.
mance improvemesnt in these 2 tesis, in contrast to the OO0,
This nbservation reinforces the value of an independent power
training program i enhance explosive actions of soooer
plavers. Such improvement could have a positive influence oo
game performance because the ability to win challenges and
soore praks is relaied to this type of physical demand.

The 1l=m sprint {initial acceleration) and agility test had
the particularity to assess the specific sprint abdity of sy
puberial soccer players. To the authors” knowledge, no stady
has looked at the relevance of 2 plyomesine program incars
porated within regalar soocer practice, in either an aduht or
children’s population, 1o improve these qoalities. Becanse an
earlier stady (25) demonstrated that agility and scceleration
are independent qualities in socrcer, i Wias Necessary to asses
them with specific testing. Both instial acceleration and agility
have been found 1o be powerful disciminators between elite
Janior players and regional jumior players and therefore
should be used as descriptive tests for soocer performance
(31} The distance of 10 m appeared oo be the most relevant
1o asxess the speciiic quality of acceleration in soocer berause
af the high frequency of shori, high=intensity sprints during
2 game (). A signiboant decrease in 10em sprind time
{(—2.1%) in the TG demonsirated the efhciency of a plyo=
mestric program to improve specific explosive actions of
youmg soccer players. The percentage of chanpe in
performance after a traiming period in the current study &
in accordance with previous findings on indtial acceleration in
children (7.23). However, none of the aflorementoned soodies
have reported sipnificant improvement.

Imitial seceleration has been shown to be more difhowlt to
enhance than maximal velodty, probably because of the
smaller margin for improvemsent and the different forces
invohved (7230 Therelore, even if the improvement in the
ourrent study was small, it ofers insight on the possibility for
greater improvemeenis over 2 longer training perisd that
showuld increase the capacity to win challenges in game
sitnatiors. Several stodies (10273% were desipned 1o deters
mine the imporant f@ciors for shor=distance  sprints.
Murphy et al. (27) reponted that GCT was the biggest dis
criminator between fast and slow sprinters at more than
15 m. The awrrent stsdy did mot find any significant change in
(T after a vertical preload (CT7, but change in GCT daring
acceleration could have ocoarred. Further stodies shoold use
force=plate or video analysis to determine possible decreases
in (GCT after plyomeetric training. Others (10039) foand
2 relationship between CM] amd the [lem sprini These
resalts were confirmed by the present study (Figure 4) and
can be explained by the specificity of the acceleration phase
whiere the center of mass is lower and GUT is longer when
oonmpared o the maxamal veledty phase, resulting in a slow
35C of the muscle i smilar motion o CM This
to predict field performance and the role of vertical velocity
and forces during initial acceleration.

The agility test was selected for its short dwration (4 to 5
seconds) and its ahility to test different qualities than the
straight sprimt (40). Previows stsdies in early and pubertal
soocer plvers (7.2231) used different agility tests, lasting
from 7 (21) to 1% seconds {7}, over a distance of 40 (2231} to
50 m (7). These kboge differences in test selection did oot
allw comparison with the oorrent shady. The goal of the
present study was to remain specific o the explosive houts
encountered doring a soocer game. Far this reason, the agility
test was short {10 m) with multiple changes of direcrion.
The significant change in agility time performance | —9.6%)
demonstrated that o phromestric program can have a paositive
influence on a fiedd test similar to game play and therefore
may have an impact on troe soocer performance. The
plyometnic drills selected contained many powerful bieral
mevemends, which had an impact on the capadty o change
direction faster. In addition, the plyometric training program
may have improved the sccemtric strength of the lower lmb,
a prevalent component in changes of direction dunng the
deceleration phass (534).

The plyometric program was also effective in significanthy
increasicg jump height of CM] (+7.9%) and CT (+10.5%) but
not 5] (+.6%). The lack of improvement in the 5] perfor=
mance can be explained by the study desipn. The phyomeetric
traiming exchsively stressed the 35C of the muscles; oone
sequently, pure concentric confraction, assessed by the 5],
was nod stimulabed during training. Previous stodies {12
investigating plyomeetric training in children have reported
the same tendency of stronger improvement i jump tests
involving S50, compared to pure conosminc jamp tests. [n
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contrast, resistance fraining, involvicg minimal 35C of the
mascle, has been shown io be more effective in improving 5]
performance as comparad to CA] (7,24). Theredone, the
training made must ke chasen carefally in regard to the field
performance targeted. Becanse explosive actions in soccer
mainly require muscular contractons iovelving the 55, the
curent study did foos on improving swch quality. The
significant improvement in jump height in CM] and CT tests
confirms the effectivensss of the application of phometric
training in achieving this goal, which may improve game
performance. Postetraining CM] performance results by the
T are in accordance with previous results reported inthe
literatare after a phyrometric maining Gllowed by children
(12). In addition, the urrent results of the CM] after the
plyomeiric training program also appear to be greater than
mixwed training methods composed of resistanocs traiming and
plyometric training follewed by children despite a greater
training load (22]).

Improvement in the st 350 (<250 ms) capacity of the
mascle (32) affer the phyometric training was assessed with
the CT. Jump height was smaller in the CT compared to C)]
as a result of the requirement to reduce ground contact time
(2], bust a larger improvement was ohserved (+10.59%). Such
resulis demonstrated that the plyometric program was more
efficient in improving fast 350 capacity of the muscle (<250
ms) with small angular displacement, & compared to slew
S8C (=250 ms in CM]), probably becanse the movement
patiern of the fraining program was similar to the CT. T the
athors' knowledge, the present study & the first o repaort
a significant change in a preoadsd jump after a troining
program of any kind in children. The incressed powerful
concentric force affer the S50 coald have been indoced by
various newromusndar adaptations involved during the
stretch reflex amd the storage of elastic energy in the S5C
af the muscle: greater musde stiffness @t ground contact
resuliing in a fast recod of the muscle (33) and suhsequent
hetter =me of the dastic energy (1) greater muscle activity as
a result of an earlier activation of the stretch reflex (4); and
desensitization of the Golgi tendon organs, allowing the
elastic component of muscles to undergo greater stretch (21).
Berase no physiological messarements (eg dectmonmyogs
raphy, motor uois activation, musde stiffness) wenre taken in
the corrent study, the underlying adaptations induced by the
plyometric training remain bypothetical. If such adapeations
may ephance jumg capacity, they had oo significant influence
an GGET [ —2.3%]) of CT. GUT was already below 250 ms (st
3807 (32); theredore, the margin for improvement was, small
andl an B=week period was probably insafbcent to influence
this variahle.

The ratin between jump height and GCT of the CT,
referred as reactive strength, was caloulated because it has
been reporied to be a predictor of mnnicg ahility (eg.,
sprinting, changes of direction) {40). Mo significant improves
mert was ohserved in this varishle (+176%) in the TG, which
can be explained by the lack of improvement in GCT

2612  Jourmal of Stength and Conditioning Research

Haowever, a significant relaticnship was found between the
reactive strength and MBS ir = bb), giving insight in the
role of reactive strength in multiple 350 movement, soch as
Some methodological limiatons exist in the ocorent
study and need to be addressed. First, the subjects were
defmed as early pubsertal, yet their hiokogical matoraticn was
niot assessed The matration of the partidpants cam vary
considerably when the panticipants are 12 to 14 years old,
which may affert neoromusouler adaptations and  athletic
perfnmance. Therefore, it wioukd be of interest to repart the
maiuration level of the children and investigate o different
newramasoalar adaptations and athletic peformance oocur
after phynmetric training depending on their maturation level.
Second, the current stody did not quantify the neumomuscular
changes after plyometnc training and eo ground reaction foroe
meeasirements were collected during the jorp, spring, or agility
pernmance. Such methods shoukd be used in further shudies
o pravide a betier undemstanding of the adaptations induced by
pyometric training in child populations. Third, no methods
wene undertaken to determine whether the pheometric training
program had 2 tnee effect on game play. Only specalation canbe
made that greater peformance in descriptive tests will resalt in
supenior matchsplay peformance, as suppested by others (37).
PRACTICAL APPLICATIONS
The practical implication of the current research would be
1o greater improvemsents in numenous explosive actions than
socrer training alane. Soccersrelated athletic abilities soch as
vertical jumps inveling 550 movement (CM]L CT)h acodemas
tion, and agility peformance significantly mproved in the
traiming group only. Soch improvements can be beneficial 1o
wirming challerges and could be trarsferred into gamesplay
perfiormance. The traning stimubos was not saitable to im=
prove pure concentric movement (3]) and predictive meas
sures of Beld performance (3% B, reactive strength; therefore,
strenpth and conditioning coaches must be sware of the
specificity of plyomestric training, Besides enhancng explosive
acticns of young soccer players, plyometric drilk demonstrate
the following advantages simulation of explosive sport
mavemenis on the held, adaptability to a specific population,
integration within practice, and inexpensive squipment
requirements compared to 8 weight room Mo tramings
related imjunies were reporied; however, coaches should
cosider progressive increases in the load and ensure exers
cises are performed on soft landing surfaces, reducing the
probability of player injury. To mmprove the quality of every
sessiom, small technical drills activity between sets should be
implemented to maintain awareness and discpline among the
children who may become impatient when they have o
remain inactive. Berguse there are poticeable athletic differs
ences among children in this age group, it could alo be
worttowhile to set up 2 different levels of the same exercise io
increase the personalization of the aming program.
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ARTICULO 3

Original Article

Effect of plyometric training on athletic
performance in preadolescent soccer players
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ABSTRACT

Mictosldis, . [2015). Efect of plyometric training on athletic pedformance in preadolescen| socoer players.
J Hum Spord Everc, 10(1), pp.15%21. The am of the study wes to irvestigaie the sSeciveness of
plromerc raning on pedomance of preadolescen] soccer players. 21 plyers assigned lo two groups
pmpng=goup (Ji, n = 1] and contrdgroup (56, n = 10} Traning program was periomed for 10 weeks.
Arapbic power performances were assessed by using standing long ump (SLJ). 70 m and 30 msprint.
the Ji5 the performance ai the long ump was increased signiicanty (P = 0.031). Also the performance of
JG inoreased at 3m sprink running by 7.2 % (P < 0001}, Mone of he varables tesied in the CG
can improwve nunning perffoomance & ¥} m sprnl and the performance al standing long ump n
preadolesceni scoom players. Key words: PLYOMETRIC, JUMP, SPRINT, PERFORMAMNCE,
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INTRODUCTION

Today the socter i bacoming more dynamic and the power has bacome an important aspact of condiBon
for soccer players of all ages. i we take a look at typical movement saquences in soccer (abrupt slops and

of direction, quick sprnts, ball kicking and explosive shots) makes it cear that depend on the
stratch-shortening cycle (SSC) characteristics of the involved muscles (Manolopoulos et al., 2004). Such
actions generate explosive relaase and impact in a repefitive manner use the 55C and require rapid force
production and high powar outpul.

Plyomalrics exarcises are suitable for improving various measures and componants of musche power such
as vertical jumping ability, speed and acceleration (Fatouros et al, 2000; Gheri at al., 1998). Despite the
hundreds of human studes that investigated the aflects of this kind of avercses on verlical jumiping
parformance and running velocity, the vast majonty of them have parformed to adults (Fatouros at al,
2012, Ford et al, 1983). Few studies have accomplished o prepubental boys (Kotzamansdes, 2006,
Lehance ot al., 2006). The ralevant studes have reported that plyomedric exercises improve jumping power
and running velocities (Fatouros et al, 2012; Young et al,, 1999).

The aim of tha presant study was o invesbgate the influence of short-term plyomelnc raining on running
velocity and horizontal jumping abiity in a small sample of preadolescent boys.

MATERIAL AND METHODS

Parnticipants

Thirty two healthy preadolescent male socoer players voluntesrad to participate in this study. From those
dleven boys wera excluded because they exceeded the stages of puberty development according to
Tanner scale (first stage). Twenty one socter players participated. All the subects wera mambers to he
same laam, participating in no more tan 4 imes par week in soccer iraining (3 trainings and 1 game). The
subpects ware randomly assigned (o a iraining group (jumg group, JG n = 11) or a contral group (CG, n =
10). All the subjects wera of prepubartal status according to Tanner's (1962) criteria. A written informed
consent to participate n the study was provided by all paricipants and their parants afler ey were
nformed of all risks, discomiorts and benefits involved in the study. Also the study complies with the athical
recommendations of the declaration of Halsinki.

Procedure

For thres weeks befora the iasts, the team performed a program to protect players fom injuries
(Fasgenbaum et al, 200%; Fry ot al, 1391). The program included strength, flexdbdity and endurance
exarcisas. Also in thiz period the players familianized with the tests which accomplished in an indoor sport
hall.

Sprint teshing

Running performance evaluated with a 30m sprint running. Subjects performed 2 maximal efforts with a 3
minutes interval batween trials. For analyses we usa the bast try. We use 3 pairs of opto-reflective switches
(Tag Heuer) that ware located at the start and at the and of 30m sprint and also at 10m after the beginning.
This systam was connected with an electronic chronometer (Omega System) to record e time.

16 | 2015 ISSUE 1 | VOLUME 10 © 2015 University of Alicanie
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Jump tast
The participants parformed a standing long jumg. They stand bahind a lne marked on the ground with feel
slightly apart. A two foot take-off and landing is used, with swinging of the arms and banding of the kneas to

provide forward drive. The subjects atlempt to jump as far as possible, landing on both feet without falling
backwards. The measuramant used was the longest of threa tries.

Training Program

The duration of the program was 10 weeks and included jumping and running axercises. More spedafic the
sutyects performed jumps with two legs and one leg and skipping exercises. Reqular soccer practice was
performed 3 imes per weak and induced execulion of socoer tachnical skills, tactics, speed work, and pick-
up games. Plyomedric iraining was performad twice a week during the first and third soccer practice each
woek. Tha intial number of jumps per session was 60 (without skipping exercases) and gradually increased
10 120 jurnps at the end of the training pariced (Table 1).

Table 1. Total sum of jumps and maters of skipping exercses par training sassion

Week  Exercise [Mrection  Befs  Repetiions'meters

Jumps between lines with 2 legs Forveard 5 1o

1" 20 em hurdle hops Forward 2 3
skipping Forward 3 10m

Juinpe between limes with 2 kegs Forward ] i

g™ 20 cm hurdbe hops [iaganal 2 5
skipping Forwand 3 10 m

T Jumps between les swith 2 kegs Forwand 7 £
’ skipping Forward 3 10 m

Jumps between limes with 1 leg Forward 6 10

g 20 em hurdle hops [ aiernl 3 ]
skipping Forward 5 10 m

h Jumps bebween lines with 2 kegs Forvard H i
skipping Forvard 2 1ihm

Jumps between lines with 1 leg Forvard T 10

gh 30 em hurdle hops Diagonal 3 5
skipping Forward 3 10m

juinps between lines with 2 kegs Forward b L

Al cm hurdle hops Forwand 2 £
skipping Forward 3 10 m

Jummps between loses with 1 lag Forward u 10
skipping Farward K] 10hm

Jumps bebween lmes with 2 kegs Forward 11 10

g 40 cm hurdle hops Forwand 2 ]
skipping Forvard 2 1ihm

Jumps bebween lines with 2 kegs Forveard 11 10

10* 200 em hurdle hops Lateral 3 5
skipping Forwand 2 10 m

Slalishical Analyses

Data analysad by a two-way repeated measures (ial > time) ANCVA. If a significant interaction was
obtained, par wise comparisons wera performed through simple confrasts and simple main effects
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analysis. The lavel of significance was set at @ = 0.05. The SPSS version 13.0 was used for all analyses
(PSS Inc., Chicago, IL). Data are presenbed as maan + S0.

RESULTS

Bafore training all baseline anthropometnc charactenistics wene similar between JG and CG (Table 2).
Training did not affect the participants’ anthropometric profile (P = 0.08). In the JG the periormance at the
long jump was increased by 5.63% (P = 0.031) whereas for CG no signiicant changes were obsarved (P =
0.078) (Figure 1). Al postiraining sprint time demonstrated a dedine in JG only but was not significant (P =
0.063) (Figure 2). In the JG the performance at 30 m was increasad by 7.2% (P < 0.001). In contrast the
performance of the CG no changed (P = 0.061) (Figure 3). Significant difierences obsarved between the
two groups (JG and CG) in long jump (P = 0.026) and at 30m sprint (P = 0.034) (Figures 1 and 3). In the JG
the changes in long jump correlated significant with the changes in the 10 and 30m sprints (P = 0.003, r =
0.615, P =0.016, r = 0.517 respectively).

Table 2. Participants’ physical characteristics and traming age

CG (n = 10) G n=11})
Pretraining Postiraining Pretraining Postiraining
Age (Vi 11.3 <+ Ly 11.5 =L 1.4+ 1.6 1.6 £ 0.6
Frui15|1[|::|:|] 147 4+ 6 148 &7 fde + 7 ldg+ 7
Wight (ko) 423x71 435 = 6.6 432+532 418+ 55
Training age (v) JE+0.5 AT+0.8
[ | Before the program
| I After the prograim
180
e
i

o

E 170

LF

i

=

=

B

150 -
Jump Control

Figura 1. Changes in jump parformance. * Denotes significant (P < 0.05) difference with baseline values; #
denaoles significant [P < (.05) differences batween groups
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DISCUSSION

Traming with plyometrics has bean extensively used for augmenting jumping performance in healthy
individuals. This kind of exercise improves differant type of jumps like squat jump (5J), counter movemant
jurng (CA), depth jumg (DJ), long jumg (LJ) (Kubo et al, 2007, Saunders et al., 2006). In soma cases
ochserved lack of adaptalions thal may be related to the nature of the salecled exercises for plyometric
training (Sale, 1952).

In our study we measure standing long jump. From the lterature for horizontal jumping performance it's
observable thal plyomatnics increase performance in both athletes [Paavelainen et al., 1999, Spurrs af al,
2003) and non-athletes (Markowic et al_, 2007). Few studies examined this iszwe to children and the most of
them found enhancement of jumping ability (Diallo et al, 2001; Lehance et al, 2006, Michalidis et al,
2013). Our findings are to accordance with those of Diallo et al. (2001), Kotzamanidis (2005) and Lehance
at al (2006). They found that the performance at some kinds of jump (squat jumg, standing long jump and
al counter movement jump) improved significantly.

A lot of movements in soccer include jumping, hopping and bounding that characterized by the use of the
stratch-shortening cycle (S5C) that develops during the transition from a rapid eccentric muscle contraction
o a rapid concentric musche confracion (Markovic ef al, 2007, Markowic & Mikulic, 2010). The
improvemant in speed performance after plyometric training has bean atfribuled to an mprovemant in
ground contact time and muscla tendon stifiness (Meno at al., 1991; Meylan & Malatesta, 2009; Rimmer &
Slaivert, 2000). Improvemeants in sprint performance mantioned in literature (Dodd & Alvar, 2007 Lehance
et al., 2005, Markovic at al., 2007, Michailids et al, 2013; Paavolainen et al, 1999; Rimmer & Sheivet,
2000; Robinson at al., 2004; Trcoli et al, 2005, Wagner & Kocak, 1997, Wikson et al., 1996). On the other
hand we have to mantion that skght decreases in sprint paformance following plyomatrics have also been
observed (Chimera ef al., 2004, Dodd & Alvar, 2007, Hamero et al., 2006, Hortobagyi et al_, 1991).

In our sludy we found that the program improves the running welocity {(0-30m) in preadolescents. However
Meylan and Malatesta, and Ingle at al. reported a marked reduction of the initial acosleraion Gma and
maximal velocity phase of sococer players during early pubarty. Kotramanidis after a training program with
plyomalrics (10 weaks duration) found that in JG the velocty for the running distances 0-30, 10-20 and 2(0-
30 m increased but not for the distance 0-10 m. In another study, Diallo et al, (2001) investigate the
affactivenass of plyomalric training on physical performances in prapubascent soccer players. Some of the
findings showed that the performances at 20 m running velocity increased at JG. Also our resulls were in
ine with the findings of Lehance ot al. (2006) and Michailidis at al. (2013). These researchers found that
strength and plyometric exarcses can improve the ability of sprint in preadolescant socoer players.

A possible axplanation for running velocity enhancement at 0-30m and for jurmping ability improvement is
tha incraasae of force and power of the athleles. Also strength development is associated with a variaty of
neuromuscular factors (Markawvic & Mikulic, 2010) and does not solely depend on muscular mass. Al
siratch-shortening cycle musde function, a pre-siretch enhances the maximum force and work: output that
muscles can produce during the concentric phase. This is the abiity that plyomelric exercises can improve.

In the present study we obsarved that a corelation betwean the performance at long jump and sprint
running to preadolescent boys.
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This study has some limitations. We use only Tanner scale 1o estimate the stage of pubarty. It is more
accurate if you can use axtra the bone age and lestosterone values. Also for jumping abiity we use only
the studying long jump test and we did not execute any test for vertical jumping ability.

CONCLUSIONS

In the Eteratre we present studies that examined the influanca of training mathods (ke strength and
enduranca) 1o physical performance in young soccer players (Christou et al, 2006). However the
plyomatric axercises believed that wera dangerous and may cause injuries to bones’ growth plates that
may rasult in lagdength discrepancy (Faigenbaum & Yap, 2000; Witzke & Snow, 2000) and ils association
with muscle and lendon damage (Jamurtas ot al, 2000; Tofas et al, 2008) which is accompanied by a
marked inflammatory responsa (Chatzinikolaou et al, 2010). So the coaches avoided to parform this kind
of exercizes. Recant studies prove that if we choose the right exercises we can mprove the parformance
{running welocity and standing long jumg) of young soccer players without health risks.

However we have lo investigate the influence of diffierent traning methods to physical periormance of
children.
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Kambas, & Plyomeinics' trainabiity in preadalesoent soooer
athietes. | Stengly Cond Res 27(1): 38-44, 301 3-Plyometnic
training (FT) is a widely used method to improve muscle abslity
1o generaie siplosive powes. This study aimed o deteming
whether preadalesoent boys eshibit plyometnic trainabiity ar
not. Forty-five children were randomly assigned 1o either 2
contral (CE N = 21, 106 * 0.6 years; participated anly in
regular soooer practios] or a plyomeing training group (PTG,
N o= 24, 106 = 06 years; partivipated in reguler soooer
practios phs a plyomeino eserise protoool). Both groups tained
for 12 weeks duning the inrseason period. The PT memises
iarward happing. laberal hopping, shuifles, skioping, ladcer drils,
twion a week. Proadolesoenon was verfied by measuring Tanner
siages, bone age. and serum iesiosterone. Speed (0-140, 10—
b, 20-30 m], log musche power {siatio jumping, counemoee-
ment jumping, dep jumping IDIL standing kang jumg [SLIL
multiple B-baund hopping MBS, leg smength (10 mepettion
masimum|, aneseobic poser (Wingale testing), and sooos-
specific perfamance (agiity, kicking distance) were measwed at
a modest {1.2-18%] inorease in speed postiraining. The PTG
induced a marked (p < 0.06) improvemend in all speed besis
(1.8-3.1% at midtraining and 3-5% at postiraining) and vertical
jump tests [10-18.5% at mifiaining and 16-22% at postrain
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ingl, SLI (2.&% ai midiraining and 4.7% at postiraining). MBE
{14.6% at midirining and 23% at pastirainingl, leg sirength
{156% 2t micraining and 28% 21 postirainingl., agility (5% at
mitiraining and 3% ai postiaining), and kicking distanoe
{136% at midiraining and £2.5% at postiraining]. Anacrodic
power remained unafiected in both geoups. These data indicabe
that i{a) prepubertal boys eshibit considerable plyometrio
trainabiity, and (b) when soccer practice is supplemenied with
a PT proiocol, it leads 1o grealer performanoe gains.

hioad, footbal

IsTRODUCTION
owerslimb plyometric exercises, that is, jumpirg,
hopping, and bounding, are characterized by the
use of the stretcheshonening cpde (S50 that
develops during the transition from o rapid eccens
tric muscle contraction (deceleration or negative phase) to a
rupid conceniric muscle coniraction (acceemtion or positive
phase] (37.38). The 35C exercises capitalize on the elastic
properties of coomective tssue and muscle Ghers by allowing
the muscle io store astic energy during the deceleraton
negaiive phase and release i lter during the acceleraton
positive phase to enhance muscle force and power owtpat
(2138). Systernatic kewerslimb plyometric training (FT) has
besen shoowm o improve consistenthy vanous measures and
components of moscle power swch as vertical jomping abdity
(192031}, speed and scceleration (33.52), maximal and
explogive strepgth (192655, apility (64} amd sponesperific
pedormance (37).

Sncrer, as 2 typical infermittentstype sport inoorporabes
varicus explosive ballistic motions such as sprinting, kicking,
jumping, acceleratines and decelerations, tackling, changes. of
direction, and tuming (3). Ball kiddng, one of the most
fandamental seccer skill, relies on the wse of 550 because ball
speed depends on the 350 characterstics of the involved

76




il of Swength and Canditioning Research | wwwscacm

muscles (36). Soch actions geperate explosive release and
impact in @ repetiiive manmer, e the S50, and requine rapid
force production and high power output. According to Reilly
{51}, “although time spent performing these explosive actions
represent onhy o small percentapge of a match's todal time, vet
these actions discriminate between o soccessfll and an
umsicressfil performance” Therelone, these qualities need to
be trained imdependently with an optimal training routine
(25). It appears that FT not ooly improves these qualities
(1%3353), but it haz alss been recommerded for players’
famniliarization with unanticipated changes in direction
similar to those used duning o soccer maich (G

Despite its well=established effectivenss in aduls, plyo=
metrics efficacy for power training of adolescent athletes, as
apart of a general strempth amd physical conditioning training
pragram, remained questinnable until recently. Farthermaore,
highwimpact plyometrics fic. depth jumping) may be cons
traindicated for training of adolescent athletes hecanse of their
high imherent risk of njury to bones” growth plates that may
result in leg=length discrepancy (18,67} and its assocition
with muscle and tendon damage (30065), which is aronme
panied by 2 marked inflammatory respaonse (11). According
tiy the puidedine that athletes wha wish to participate in highe
impact FT should be ahle to squat at least 1.5 times their body
weight would prevent most adolescent mthletes from pars
ticipaticn {3). However, recent studies have shown that lows
and highsimpact plyometrics performed once or twice per
week in combination with resistance traming may be both
safe and effective in various spont activities inchding soccer
(14, 729 42,50, 54640 Although, a number of studies sams-
ined plyometric efficacy in adolescent athletes, there is very
limited imformation for the pediatric population. One shudy
that used PT with preadolescents (109 years) reported a
marked increase in speed and jumping ahility (32). However,
that study invalved only children that were not mvohed
systematically in training, investigated only a limited rumbser
of power varinbles, and its training regimen included only
jump exercises. Therdore, oncertainty exisis whether a
traditional or a modifed FT program woald be sither safe or
elfective during preadolescence during which  children
exhibit a mpid growth and matration race.

Mlyomestric exerciss incorporate movements similar o
thase encountered in children’s playing activities that do not
require @ meinimam amoant of srength level. Although there
are a very large number of children engaged in systematic
soooer activity, most of them at o competitive kevel, there & oo
information regarding the efficacy of FT on children’s physs
ical ahilities and soccersrelated performance. Evidence from
studies with pubenal boys from other sports such as basket=
ball snppesiz that ineeason FT may e beneficial for maine
tenance or enhancement of athletic performance when they
are combmed with resistance traiming and sport=specific
training (939 To the mothor's knowlsdpe, it & unknown
whether a FT program implemented in combination with
regular ireseason soocer-specific practice (25 compared with

specer training alone) wonld improve athletic ahility and
snccersrelaied perdommance of preadolescent snocer players.
In other words, would preadolescent athletes benehit from a
systematic insseason PT protocod a5 a part of ther traditioral
training planf And if so, to what extent? Therefore, the aim of
this stody was to investigaie whether the combination of
soceer practice and FT would enhamce athletic ability and
soccersperifiic performance ot g greater extent than soocer
practice alone in prepubental soocer players.

MeTHODS

Exparimental Approach 1o the Prabdsm

The gral of this stody was to determine whether o combis
mation of traditicnal ir-season soccer training and PT is maore
effective than traditional socoer practice alone (independent
variables) in improving powersrelaied performance and
sorcer=sperific perormance (dependent variables) of preados
lesrent socoer players and ot what exbent (messurement of
dependent variables were performed at baseline, midtraining,
and posttraining over 2 1 Jwweek perind) by wsing o randome-
ized, Jegroup, repeated mesures experimental design. For
this reason, prepuberinl boys plaving for o local soccer club
were randomly assigned to either o controd group (00, N=21)
that involved only the wsual seocer practice or a plyometric
training growp (FTG, &= M) that invalved a PT protoond
that was integrated in cheb's regular in=season soceer practice.
Myometric exercies in FTG were performed as a substitute
far some snccer-specific drills to obtain the same daration of
each traiming sewion as in OG. During their first visit, the
span, percent body fat, pubenty stages (Thomer scale), and
maximal oxypen consumption (Vosmax) messured and
underwent o hand wrist xsray fo determine their bone age.
Dwring their pext 3 visits, the participanis in FTG were
taught and famdianzed with plyomeinc exercises that were
inchuded in the training protoced while all the participants
wiere familiarized with testing procedures. During their sieh
visit, the participants had their jumping shility (testing of
static long jump, multiple Sbounds, static jump [SI)
countermavement jump [CM]], and drop jump [D]]), kg
strength (10 repetition madmum [EM] in soquat), speed (3
m gprint], and soccer-related perdormance (kicking distance
examination, and familiarzation with phometric sencises
were performed within a Jewesk pericd before the
commencement of participants’ in-season perind. Testing
was repeated after & (midtraining: MITY) and 12 (posttraining;
POST) weeks of fraiming. Measurement of performance
variables was perdormed 48 hours afier the last tmining
sesginn of the fith and 12th weeks and was completed in 2
days time {jumgp and speed testing on the Grst doy, soenpth
amid soceersrelated festing on the second day). Testing was
preceded by a 15-minote warmeap session, and @ owas
followed by o 1ileminute conlsdown perind. Chring training,
all the participanits competed n 6 maiches ond received the
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same sorcer fraining stimali All treming sessions  and
measuremends were condocied ot the same day and time
and under exactly the same conditinns. The participarits were
irstrocted to follow the same diet pattern hefiore testing. The
participants consumed water ad libiteom to ensare proper
hoydration during training and testing,

Subjects

Fortysfive healthy preadolescent male soccer plavers wobe
untesered to participate in this stady. All the participants were
irvalved in organized youth soccer traiing for at least 3 years
(3md practices weekly) before the stody. None of the pare
ticipants had any pricr experience of FT. Parents or guardians
of TH hoys were approached. From those, 68 consented to the
participation of their children in the stody. Mine boys were
exchided berase of limited compliance o the experimental
protocol, wheneas 14 others were excluded becase they
excesded the required cut=nf value for bone age, prepubertal
testosterone values, and stages of pubenty development
accarding to Tanner scale (first stage). All traiming and testing
procedisres and any possible risks and discomforts were fally
explained in detail to both parenis and guardians and particie
pants before the start of the stody. A wntten informed consent
for participation in the study was provided by all parents and
puardians of the participants. The local Institotional Keview
Board approved the siody. Participants’ characteristics ane
shown in Table 1.

Procedures

¢ Trarwieg Profocel The participants in both groups
traimed for 12 consecutive weeks. A stundardized warmsup
protoon] consisting of ronming, calistherics, and stretching, was
ipated in regular soccer practice throughiout the study, but cnly
the FIU performed the FT proaocol. Bepubir soccer practice
wus performed 3 times per week and included exeoation of

snerer technical skills {dribhling, passing, tackling and defense,
ball handling, heading), tactics, speed work, and picksap games
{practice contents were identical for the 2 groups each time).
Plyometric traiming (=23 minwies per session) was perfomed
twice a week, 72 hours apart, during the first and third specer
practice each week totalng T8 miraies of practice time.
after warmsap) 1o ereare foll nearomuesoslaer activation and
inchuded numerous types of jumps, bhops, skips, and footwork.
Thee first FT phase or macmsoyce (fweeks) comsisted of singles
and doublesleg forward hops over hurdles, lateral hops over
hurdles, and lateral shuffles over a boo, skipping, ard footwork
{ladder drills). The secomd FT macrocyde (fweeks) corsisted
of footwork, skipping, singles and doublesleg box jumps and
comsisted of 4 exercises performed in 2=4 sets (separated by
Galbe tw | Bllegeronid rest intervals) of S=10 repetitions per st To
limit stress on the musoulotendon unit during the execution of
plynmetric dnlls, intersity was progressively meressed from
a low to mioderate bevel, as previously sugpested for children
{1} The imtensity of plyometric drlk wes determined by the
classification model of plyomettic eserche intensities s
previously described (1249). The height of depth jumps
{performed with both legs) was mitially s at 10 and 20 cm
and progressively increased to M cm (32). Flyometric
traiming mcloded a total number of &0 jumps per session
during the first macrocycle and gradually increased to 130
jumps per session toward the end of training. Flyometric
drilk were perfiormed on the grass of the soccer field to
reduce landing stress. Plyometric exercises were adjusted
according to participants” coordination level and wene
execuied at maximal intensity. Use of proper techmigoe was
emphasized during every practice throagh the use of verbal
cues, demonsirations by the researchers, and graphic
illustrutions of exercises.

Tane 1. Participants' physical characteristics and fraining age.t

CG (n=21) PTG (n= 24)

Prefraning Pasttraining Frefraining Posttraining
Age iy} 106 = 06 108 = 06 107 * 0.7 106 = 0.7
Height (cm) 146 = 7.3 148 = 68 147 = &8 180 = 7.0
Waight k) 417 =64 434+ £9 428 =738 442+ 75
Aems sipan () 154 =02 166 = 0.2 153 = 0.1 153 x 0.2
Body fat (%) 128 =21 126 = 23 142 + 21 140 * 1.7
Eunllglﬁ':l 1mhe =14 10517 1Max13 108 =15
Tanner score 14 =03 1.4 =04 1302 1.4 =03
Testosbercne {1ng-:l“;| 183+13 161 £ 22 147 18 187+ 18
VIO gmax fLis™) 188 = 06 181 = 05 186 * 0.5 180 * 0.6
Training age {y) a5 = 06 34 * 0.4

*CiE = vl geous; FTE = plyosiie mining grous; Ve = masime fgen Consusgion

DG wre presenlod o mean * S0
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wus meensumed to the nearest 0.1 kg (Beam Balance 710, Seca,
'mited] Kimpdom) with the panticipants wearing their unders
clothes and barefooted. Standing height was measmed to the
mearest (L cm (Stadiometer 21068, Seca). Body ot percentage
wus estimaied based on the sum of triceps and calf skinfold
thicknesses measared with a Harpenden caliper on the right

side of the body as described (6], Arm span (ie, the distance
from the left to the nght dactybon of the hands with palms
facing forward on the wall and with the extended arms
ahducted horontally at the same level with the shoulders)
was measured o the nearest centimeter with o measaring
tape. Stages of puoberial development were determined
according to Tamner's criteria (63). Drawings of Tanoer's
5 stages of penital development were provided to the pars
ticipants and their puardians for joint sssessment of pars
ticipanis’ status of seooal matarity. Skeletal maturation (bone
age) was determined with an xeray of the left hand and wrist
under full body prodection against radioactivity according 1o
the Greulich=Fyle methodology (21).

Mrcimal Choygen Covesgptions (F (gmue) _Amesment. The
Vigman was measured during a graded exercise iest oo a
tresacmall |u._|h.|:|'ihﬂ:|. ﬂ!:l.Tn_uc'ﬂ'tn.i.rLﬂn: i’tmhﬂih&m
anained, a Vo, plabeau ard a Vo, elevation <1 mil-kg™*mmn—*
despite further incresses in the workload had o be spen while
HER shoold > L0 Heant rate, hrachial artery cuff pressane, and
ratings of perceived evertion =2 Baong scale) were monmtoned
contiucusly during the test. The Vo was measured cons
tinwously by opene=circuit spirometry and averaged every M
seonnds with the wee of an automated online pulmonary ges
Champion 1EC 60«1, Jacper, Wilrsburg, Cemmany).

Ferformance Tevitng. Testing was performed under stanidards
ized epwiroomental conditons {19=227 C, relative humidity of
A2=13%4) 48 hours after o practice session or competiton 1o
mimimize the efects of ftigoe. Testing was preceded by a
[ Seminuie warmesup session (lowsintensity cycling, calisthens
irs, and stretchingy and ollowed by a 10smimste cookdosm
period. The same test order was applied onall testing sessions.
The best performance of I testing trials (separated by a
Semimute resting interval of very low physical activity 1o
ensure recovery and physiological readiness for the second
trial) was remorded for later analysis jeocept for Wingate and
strength testingi

Speed Tentmp A Mlem sprint test with 10em sphits (=10 and
[0=21} m were measuresd as well) was nsed to measure speed
perinnmance. Sprint testing waus performed with the partics
ipants wearing munping shoes on o hard sarface owdoors.
Affter g Segecond countdown, the participants ran in oot of
i infrared photoeleciric gates (MNewTest Lid., Kivihanuntie,
Finland) that recorded horizoeal velocity at each gate. The
participants sprinded foom @ standing starting position with
the toe o the front foot approximately 0.3 m behind thee first
gaie. Photocells were placed 06 m abowve the growund
{approcimately 2t hip level) to capiare the movement of
the tnunk rather than a false sigral becanse of a limb motion
{4Z). The coefhcient of variation for testeretest triaks was 3. 3%,

Stawling Lomg Jwmp Tentmeg The participanis adapied a
sturting standing position with their feet at showlder width
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(hehind o line marked an the groend) and their hands on the
hips. The participants executed o countermovement with the
lege and then jumped horizootally os far os possible, os
described (29). The horizontal distance between the starting
lime amd the heel of the rear foot wes recorded with a
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Bhemglass tape messare The ooefficient of vanation for
testerefest trials was 2.6%

Mueligple 5 Bewewds Tist. The participants, from a standing
position, attempted to cover the bonpest possible distance
with 5 forward jumps and by alternating lefie and rights-leg
contacts (12} This test is considered a soocerspecific fest,
and it has been recommended for the measmement of lower
limyp muscle power ard conrdination instead of the vertical
jump (V) test (4L The greater distance covered was
recorded 1o the nearest 0.5 cm with a tape. The coefficient of
vuriation for testsretest trials was 2.7%.

Fitrzal fump Testing. The participants perfarmied 3 jump ests:
(g} &]: participants, from a statonary semisquatied position
(% anple at the knees), performed a masimal Y]z (b)) O]
participants, from an upright standing position, performed a
fast preliminary motion downwards by Hexing their knees and
hips followed by an explosive upward motion by extending
theeir knees and hips: () 1]: after jumpicg of a bench (height
30 cm) and landirg on the ground, the participants enecwied
g maximal ¥]. All 3 tests were periormed with the arms
akimbo. The V] height was measared with an Erpojomp
contact platform (Mewtest, Cuby, Finland). Flight times were
measured by a digital timer connected to the contact platioom
and were ued oo caleulate jump height (30). The coeficents
af vanation for testeretest trials were 2.9, 3.5, and 2.4% 5],

M, and 1, respectivehy.

Arerzrment of Leg Strongoh. Dynamic lowerimb strength was
measured by the 108A] barbell squar test. This procedure of
muscle strength measurement has been recommended & a
safe festing and traicing modality for children o long as
proper supervision and instruction is warranted (27). The test
was performed after a warmsup session (ot 25% of estimated
IOENL The participarts shoald lift 2 weight for li=16 repee
titinms with proper technique. Thereafter, the total weight
increased by 1086 while the: repetition range decreasesd acconds
inghy untidl a “repetition maximum” was obtaned (osually
within d=3 attempis) 2%). Kange of motion at the knee was
standardized with a manwl poniometer. The participants
b the squoat mation at M of knes Bexvion and descended
tx 90 (b paralle] position) at the bottom position. Testers
informed the participants when starting and finihing posis
tinns were obtained The participants were allowed to rest for
[0l minuies between testing trials. The successfol maximal
lnad was recorded & the maomum weight lifted. Spotters
were present during the entire lift. The intraclass correlation
cocfficient estimated for testeretest trials within the same
weel was (L9,

Hingarte Testing: A M=zecond Wingute testing was performed
as described (2% on o cycle ergonmeter (mode] 834E, Monark
AR, Varberg, Sweden) after o S=minute warmeup. The test
was followed by o Ssmimuie conlsdown. Extermal resistance

t pedaling was set to 0.075 kg of resistance per kilogram of
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baoddy mass, which is acceptahle for prepubertal children (2
Thee criterion variahles derived from the test were mean (MF)
and peak (PP anaerobic power. The coefbcent of variation
for testretest trials was 3 9%,

SacnenSfectfic . Kicking performance was mea=
sured as previously described (54). Briefly, panticipants had to
shoot (10 arternpits, 3esscond rest between attemnpts) the
soocer hall (size 5) from a starting paint {midpoing of the end
zone line) to a regular seocer goal (70 yd away at the cemter
of the Bedd) afier a warm=ap. Kicking distance (in meters)
from the starting point to the point of Grst contact of the ball
with the pround was recorded. The koogest 5 attempes were
recorded, averaged and nsed for analysis. The coefficient of
varigtion for testeretest trials was 3.5%. Agility desting was
periormed on the soccer feld (with soccer foodwear) as
described (12 Timesto=complete the test was recorded with
the use of 2 infraved photoelsctric gotes (MewTest Lid.
Kiviharjuntie, Finkind) that recorded horizootal velocioy.
Change of direction was indicated with poles that were

i

[T R T 1|lp1-'.p Pt 1|l-'-'.p
RUEC] [ule bl

amasrokic posr. | Denciss migniicant |p < 0.05) diferencs wit* bassline sl “derotan significast iz = 0.05)
ciffsrancas batween groupe; OO = confrol grosp; PTS = phomeine benieg geoup; S = standing loeg e

placed on the ground The
specific test is relatively simple
Eutch:ﬂdrenmdmn‘lmupimh
ers’ ahility for ascoderation,
deceeration, and balince cooe
trod, all esseniial components of
agility (58). The cosfficient of
variation of agility testng for
testeretest mials was 4. 1%

Hiond Catiection and Teforforen:
Mermrement Blood  samples
{1 ml} were drawn via venis
punciune from an antecwhital
anm vein using @ safety botterly
set  equipment for children
with the participants always
in a semirecumnbent position.
Blood was collectsd into Vaoos
tainer fubes containing 55 Tl
and Clat Activator. Blood was
allowed 1o clot & room tems
perature  and  subsequently
centrifiuged (15060, 4° C, 15
mirutes) for senem separation.
The resulting serom was used
fior the measurement of testoss
terone concentration. amples
were siored and  frosen  at
=73 C uniil analyzed. Bleod
samples  thawed onoly once
before  analysis. Testostenone
was analyzed with o commemn
cially available enzymeslinked
immumosorbent assay kit (DG
Diapnastics, Germany). The intrasssay and interassay Y for
testosterone wis L0 and 5.0%. respectively.

Bmsing  kid-Trening Powi Trening
AN paal povw

Statistical Analyses

[Data are presented as means + ST Data nomality was veniBed
with the l=ample KolmogonovsSmirnoff test; therefire, 2 nons
parumeiric test was nit necessary. Daia wene analyzed by a
Juyray repeated messares (trial » time) anahysis of vanance with
plrned contrasts on different time points based on the 2=group,
repeated mensures epermental desipn that was wsed in the
studdy. Assomptions of lnear statictics were met & verified by
the Levine test for homogeneity of vanance and Kolmogonoy-
Smirmoff test for normality. When a sgnificant efect was found,
post hoc aralbysis was performed throogh 2 Bonleroned test.
The level of significance was set at o = (LS. The SPSS version
i) was xmesd door all anahyses (SPSS Inc, Chicapn, 11, USA).

Restirs
The I groups were comparahle according o chronological
age, heipht, body composition, bone age, stages of puberty
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Plyometric Training in Young Soccer Players

Tapir & Differonoca botwoon CG (mr=10), VG (n=10), HG {7 = 10), ond YHG {7 = 18] in tho troeining offcots (with
B0 confidence limits) on performance vaniables. s

VGE-CG HG-CG VHG-CG
Verbical counlemovermeant jump with 6.9 (=05 w 14.8) 25 (=3.1 1o B5) 6.5 (0.4 1o 14.00
arvrE Seruall Trivial Srnall
Harizomtal countermovestent jump with 54 (=05 w 11.6) 15.7 (6.1 o 26.1) 18.1 (106 18 26.1)
AffrE Serall Maoderate Moderate
20-cm drop jump reaclive sirength 11.5 (4.8 18.4] 78 (=12t 178) 14.1 (7.7 1o 208)
irdex Seruall Small Srnall
Muliple 5 bounds lest 4.1 (=28 w 11.4) B8 (33wi17.0) 1.1 {18 1 21.3)
Seraall Small Srnall
axirnal kicking velocity 25 (=81 w 14.4) 6.8 (=15 to 15.8) 8.4 (=12 to 18.0)
Trivial Small Srnall
15-m sprnt tme =47 [=10.1 o 0.8) =68 (=115 =1.9] =80(=11.81w =39)
Muoderate Maderate Moderate
B0-m spnk Lime =08 [=5.3 io 7.4] =25 [=6.5 ta 1.8 =53 (=85 to =0.8)
Trivial Small Srnall
Change of drection speed tesl lime =28 (=102 1o 5.3) =27 [=B.5 o 3.5] =51 (=89 to =01)
Seruall Small Srnall
Yoo inlermitient recovery level 1 test 6.3 (06 12.4) 53 (=11.4 1 251) 78 (=191 18.7)
Seruall Trivial Srnall
Anlenor-posterion nofmal slance ayes =65 (=134 1o 1.0) =62 (13.3 1o 1.4) =58 (=16.5 to =0.4)
G Seruall Trivial Srnall
Mediallateral normal stance eyes open =11.8 (=18.2 o =3.8) =4 8 (=105 o 1.3} =122 (=16.2 to =7.9)
Seruall Triwial Srnall
Anlenor-postenor nommal stance eyes =47 (=177 10 10.2) =58 (=206 io 4.4} =144 (=258 to =1.3]
chosed Trivial Small Srnall
Mediaklateral nomnal slance syas =57 (=108 1o =2.3) =53 (=163 1w 7.1} =136 (=195 ta =7.2)
chised Trivial Triwial Srnall
HGNVG VHG-VG VYHG-HG
WVertical countermovemeant jump with =38 (=8.0 ta 1.8} 0.0 (=&.5 o 7.0) 3.6 (=2.0 to B.4)
arrE Srnall Trivial Trisial
Horizomal countermovement jump with 7.6 (=0.7 1o 16.5) 8.8 (4.0 10 16.0) =28 (=137 o 8.2}
arvrE Senall Seraall Triwial
20-cm drop jump reaclive sirength index =36 (=11.0 to 4.5) 20 (=21 o 6.2) 5.3 (=2.0 o 13.0)
Trivial Trivial Triwial
Muliple 5 bounds st 5.0 (0.5 1w 8.7) 6.1 (=1.8 @ 14.6) =0.2 {=7.4 o 7.6
Srnall Seraall Trisial
Mazimal kicking velosity 3.8 =57 1o 14.4) 54 (=520 17.3) 1.6 {=&.7 to 10.6)
Trivaal Seraall Triwial
15-m epnnt time =1.7 (=7.2 10 4.0} =3.0 (=7.8 1w 2.0) =14 (=56 o 3.0
Senall Seruall Triwial
B0-m zponl time =0.7 [=7.1 1a 6.1} =35 (=3.8 o 3.3) =23 (=48 1o 0.3
Trivaal Seraall Small
Change of drecton spesd besl lime 0.8 i=4.5 ia 6.7} =16 (=5.8 o 28} =22 (=74 to 3.3
Trivial Seraall Small
Yoo intermitlent recovery level 1 test 1.1 (=149 to 2001} 36 (=5.7 w 138) =01 {=15.8 to 18.6)
Trirvial Trivial Triwial
Antenor-posteror normal slance eyes =04 (=27 1o 1.8} =3.2 (=8.3 o 2.2) =18 {=7.1 to 3.8
open Trivaal Trivial Triwial
Mediahaleral nomal slance ayes apen 3.7 i=7.1 10 15.8) =43 (=138 1o 6.2) =76 (=118 10 =3.1]
Trirvial Trivial Small
Antenor-posteror normal slance eyes =4 2 (=09 ia 1.8} =100 (=165 g =28} =51 {=11.0 W =0.8)
chsed Trirvial Serall Small
Mediahaleral nomal slance ayes closad 2.0 (=86 18 15.1) =58 (=127 1o =07} =58 (=188 w 2.4)
Trivaal Semall Small

WG = verical plyometric training group; HG = honzontal plyometric training group; YHG = combined vertical + homzontal

plyometnc training group.

tEffects are shown in percentage units and probabilistic inferences about the true standardized magnitude.

82



[atienal of Sirength and Condifioning Researdh | wwwmscaes

Statistical Analyses
Al wabues are reported a8 mean = S0 Belatve changes (%) in
performance and standardized effects (SE) are expressed with
9% confidence limits. Normality and homoscedasticity as-
sumptions were checked, respectively, with Shapiro-Wilk and
Levens temte. To determine the effect of the intervention on
performance adaptations, a 2-way anabysis of variance with
repeated measurements (4 groups * 2 times) was applied.
When a spnificant F valoe was achieved across time or
between groaps, Tokey post hoe procedures wese performed
tnhﬂhpﬂmi&ﬁﬂbﬂmﬂmmvﬂu&
The a level was set at p = 0.05 for staistical si
-’I.ﬂstahsﬂmlcﬂmhummperﬁmnﬂuﬂ:gtﬁﬂfﬁﬂh{
statistical package (version 8.0, StatSaft, Inc, Tulsa, O, USA).
In addition o this null hypothesis testing, data were also as-
sessed using magnide of based inference swatistics (16).
Threshold values for assessing magnitudes of SE {changes as
2 fraction or multiple of baseline S50 were 020, G0, 1.2, and
2.0 for small, moderate, large, and very large, respectively (16).
Magnitudes of differences in training effects between groups
were evaluated nonclinically (16): if the confidence interval
overlapped thresholds for substantial positive and negative val-
ues, the effect was deemed undlear. The effect was otherwise
clear and reported as the magnitude of the observed vale with
a qualitative probability, as above. We obtained a relatively
high intraclass comelation coefficient and bow coefficient of
variation for the vertical countermovermnent jump with arms
test (0L%1 and 3.5%, respectively), horizontal countermovement
jump with arms test (0.95 and 3.7%, respectively), 20-cm drop
jump RS (094 and 3.7%, respectively), multiple 5 bounds test
(0.95 and 48%, respectively), MKV test (=0.91 and <4.4%,
respectively), 15-m sprint time test (093 and 2.5%, respec-
tively), 30-m sprint time test (0.95 and 19%, respectively),
CODS test (091 and 3.5%, respectively), anterie-posterior
nommal stance eves open test (094 and 41%, respectively),
medial-lateral normal stance eves open test (0.94 and 4.1%,
respectively), anterior-posterior normal stance eves closed test
(0BT and 6.9%, respectively), and medial-lateral normal stance
eves closed test (0,94 and 43%, respectively)

ResuLTs

Before training, no significant differences were observed
between groups in vertical CM]J, horizontal CMJ, RSI,
multiple bound test (Table 3), kicking velocity, 15-m and
30-m sprint tme, CODS, Yo-Yo IR1 (Table 4), or balance
(Tahle 5) test performance.

Mo statistically sipnificant changes in the O were observed,
although a small mesningfl change (123 5E) in Yo-Yo [R1 was
noted (Table 4). In comparison with the O, horizontal training
groups (Le, HG and VHG) showed a significantly (p = 0.05)
higher performance change and SE in horfzontal CM] and
mubtiple bound test, whereas vertical training groups (e, V3
and VHG) showed a significantly (# = 0.05) higher perfor-
mance change and SE in the RS (Table 3). Also, in comparison
with the CG, the VHG showed a significantly (p = 0.05) higher

performance change and SE in kicking velodty, 15-m sprint
time, M-m sprint time, OODS, Yo-Yo IR1 (Table 4), and bal-
ance (both, medial-ateral and antetior-posterion) test (Table 5).
Except for the HG and Vi groups in the vertical CM] and
multiple bound st (respectively), all plyometric training
gvnu.panhw::du.nwuﬁmntﬁpl: 005} increase and soall to
moderate meaningful SE in vertical CM), hosizontal CM), RSL
and multiple bound test (Table 3). Mo statistically sipnificant
differences in performance changes were observed between
training groups [Table 3), although vertical training was maore
effective to a small effect at improving vertical CM)] perfor-
mance in comparison with horizontal raining, In addstion,
horizontal training {Le, HG and VHG) was more effective to
a small effect than vertical training (Le., ViG) at improving hore-
zontal CM] and multiple bound test performance (Table 6).
Although the 3 plyometric training groups had a small to
moderate meaningful SE in kicking velocity, 15-m and 30-m
sprint, CODS, Yo-Yo IR1 (Table 4), and balance test {Table
5), only the combined vertical and horizontal program had
a statistically significant (p = 0.05) effect in all performance
test. In addition, the combined vertical and horizontal train-
ing group improved more (small effect) than the VG and HG
in 30-m sprint, CODS, and balanee romance test and
also improved more (small effect) than the VG in kicking
velocity and 15-m sprint performance test (Table 6). The HG
improved more (small effect) than the VG in 13-m sprint
performance test to a small effect (Table 6).

Discussion
The results of this smdy indicated a specificty of train-
ing effect, where the use of vertical exercises induced
a significantly greater increase in performance tests in the
vaﬂm]ph:muhemmﬂmmafhmﬁlwuﬂumd
a sipnificantly greater increase in performance tests in the
horizontal plane. Also, the results indicate that, compared
with O, only a combination of vertical and hosizontal
training stimulis achieved a significantly preater increase in
almost all (Le, 9 of 13) performance measores. Finally, our
results demonstrated that the combination of soccer drills and
specific explosive training with no additional training time in-
season optimizes general and soccer-specific explosiveness,
balance, and endurance performance in voung soccer players.
The results from the VOM)], HCM], RSI20, and MBS test
all demonstrated the training principle of specificty in
plvometric training (25.41), which can be explained by fac-
tors such as eccentric overloading, segmental coordination,
and muscular activation (45). Groups trained in the specific
direction of the jump test consistently improved to a greater
extend (Table 6) and incressed the gap with the CG
(Table 3). The magnitude change in VCM] was similar or
even higher than previously reported for similar slow S5C
musde actions (SE = 0.51-0.75) (10,31,50) after explosive
training with young soccer plavers using an intervention of
similar duration or number of sessions. The magninde
change in RS20 was similar than previously reported
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Plyometric Training in Young Seccer Players

(SE = 0.41-0.90) (39) after plyvometric training with voung
socoer players. Considering the necessity to produce a high
rate of force development in explosive actions (29), the
improvement in K5I may have enhanced physical parame-
ters of game performance. The improvement observed could
have been induced by various nenromuscular adapations
{23): however, becanse no physiological measurements were
made, only speculations are possibly. Finally, the magnitude
change in MB35 in this study was similar than previously
reported (SE = 062-063) (1031) after explosive training
with young soccer players. An increase in MBS may be
achieved by motor coordination adaptations, which can be
related to the specificity of movements used during training
{10). The fact that the HG and VHG performed horizontal
plvometric drills, achieving a significantly higher perior-
nance change in MBS than the CG, would support such
contention considering the horizontal nature of the MB3.

Although previously it has been shown that a combination
of vertical and horizontal (46) or unilateral and bilateral (1)
plyometric exercises can increase MEY, this is the first study
to compare the effects of vertical, horizontal, and combined
vertical and horizontal jumps, inchuding unilateral and bilateral
drills, in MEV of young soccer plavers. All training programs
induced a meaningfil increase in MKV performance, but the
VHG improved more to a small effect and significantly in
MEV compared with VG and CG (Tables 4 and ), sugrpesting
that a combination of vertical and horizontal exercises may
induce higher MKV performance changes in young soccer
plavers than plyometric drills applied in only 1 plane of direc-
tion. Although differences in type of training program applied
nake comparisons between different studies difficult, athers
have found significant increases in kicking performance after
plyometric training in voung socer plavers (12.24.32), in both
dominant and nondominant kicking legs (12). It has been
sugpested that the increased MEV performance may be attrib-
uted to increased strength and power of legs’ extensor muscles
(32), agonists-antagonists muscle coordination, and greater
recruitment of motor units (12). It may be that these neuso-
muscular and strength-power adaptations had an effect on the
biomechanical factors related o kicking performance, such s
nxcimum linear velocity of the toe, ankle, knee, and hip at
ball contact (20, which may have cumulatively or individually
contributed to a higher ball kicking velodity.

All training groups showed a meaningful decrease (Le, SE
between 0.30 and 0.99) in 15 and 30-m sprint times, but only
the VHG demonstrated a significant (p = 0.05) change com-
pared with (G (Table 4). The resulis also demonstrated
a small beneficial effect of horizontal stimulus for 15-m sprint
time and implementing some vertical stimulus to decrease
3il-m sprint time (Table 6). Although others have found sim-
ilar effects (SE = 029-1.1) in sprint performance after plyo-
metric training in young soccer players (31-32), this was the
first study to compare the effects of vertical, horizontal, and
combined vertical and horizontal plyometric training in 15
and 30-m sprint times in young soccer players. As the training

intervention in the HG and VHG incosporates horizontal
stimubus, this may had increased the chances to gain adapta-
tions considering the importance of horizontal force produc-
tion and application in sprint performance (18,34). This agrees
with previous studies, where vertical plvometric training fails
to improve sprint performance in young soccer plavers (3%).
The higher increase in sprint performandce in VHG coincides
with previous results (48). The CG did not exhibit a meaning-
ful or statistically significant improvement in sprint perfor-
mance in this study, and conducting soccer training only in-
season may even induce decay in sprint performance (3%).
These observations reinforce the value of an independent explo-
sive fraining program to enhance acceleration and medmal
sprint ability of young soccer plavers during their in-sesson
The increase in both acceleration and maximal rnning velocity
can be refated to leg power (7), which can be incressed with
plvometric training in young soccer players (6.38). Although
acceleration improvemnent may be more related with the slower
S5C and rate of power production nature of the acydic junps
[iﬂ.mu:wnmmjun]:ﬁ.} [E]pﬂ'ﬁmmadduﬁngtmiling
fie, cyclic jumps) may transfer to maximal ronning velocity
improvement (7). Therefore, in addition to the mose fivorable
sprint performance changes observed after the combination of
vertical and horzongal i exercises in this study, these
results reinforce the need to add variation in plyometric cycle
fie, cydic and acydic movement) to improve the different
neuromuscular variables related with sprint performance.
This smdy demonstrated thar all plyometric training
stimubus induced a meaningful increase in CODS perfor-
mance, with a small to moderate SE ( Table 4). However, only
WVHG showed a statistically significant incresse and significant
change in comparison with the CG (Table 4). Also, the VHG
program was more effective at improving CODS performance
compared with VG and HG to a small effect (Table 6). Al
training programs contained exercises desigmed o induce
short contact tmes and subsequently increase RSL which
may predict the ability to change directions while running
(51). Also, an improved CODS performance may be related
to changes in power development or incressed eccentric
srength level, which can impact COD performance during
the deceleration phase (47). This study demonstrated that
combined horizontal and vertical plyometric training was
more efficient at driving multiple explosive-related adapta-
tions, which seemed to have transferred to CODS perfor-
mance in voung soccer plavers. The important differences
between CODS tests used among studies make results com-
parison difficult; however, using the same CODS test as in our
smdy, others have found an even greater change in perfor-
mance after plyometric training in young soccer players (9.7%:;
SE =2.8) (31). Because greater change ocourred in the muli-
plane training stimubus group in this study, it can be argued
that greater magnitude of change in the smdy of Meylan and
Malatesta (31) may be becanse of more variety in stimulis but
abio the intervention duration in comparison with this study.
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Our results demonstrated a significant and small meaning-
ful increase in Yo-Yo IR1 pedormance in all training groups
(Tahle 4). In young soccer players, plyometric training may
not induce a significant increase in underlying aerohic qual-
ities anrh s Vigmay (37) ne bctate threshald (14) hat may
still have a meaningful effect on a intermittent recovery
endurance performance test with repeated changes of direc-
tion (50). This discrepancy is likely related to the fact thar
the change in explosive performance after a plyometric train-
ing can contribute to the change of direction during an
intermittent test {eg. Yo-Yo IR1 or 30-15 intermittent fitness
test) with change of direction (3) or running economy (26),
independently from the influence on Vogmax (32) or lactate
threshold (14). As previously stated, all training groups dem-
onstrated a meaningful change in reactive strength (Le,
RS120), which may transfer into improved running economy
and enhance aerobic performance independently of others
aerobic indicators (eg. Voymax or lactate threshold) (37).

A novel mpect of this smdy was to analyze the effect of
plyometric training on youth soccer plavers batance and the
different effiect of varions plyometric training interventions on
balance capabdity. Our results showed that although all training
groups achieve a meaningful change in all measures of
anterior-posterior and medial-tateral balance (Table 3), only
VHU achieved a significantly higher perfosmance change in
anterior-posterior balance in comparison with CG (Table 5)
and also a higher SE to a small effect in both mediak-ateral
and anterioe-posterior balance compared with VG, HG, and
(G5 (Table 6). Improvernents in balance after plyometric train-
inghmealmivhmshmmﬂ’caﬁweﬂsﬂﬁjﬂ]mdh
young athletes (5,36). Because hm:u:e iMprovements s
not only result in an incressed athletic pa'ﬁ:nmnmehtalm
mredm:adlnwa—mut}rrgut}rnﬂmmphyaﬂ{:!j
our results reinforce the valee of plyometric training as an
effective strategy to reduce injury risk in voung athletes. There
wis no significant difference in medial-lateral balance postin-
tervention in all the groups (Table 3). As the training was
anterior-posterior in natere for all growps, which resulted in
better balance in that plane, there is an argument to also include
mediaHateral plyometrictased exercises to improve the
associated balance capability. The improvement in balance per-
formance may be related to improved eocontraction of lower-
extremity muscles (33) or changes in proprioception and
newromuscular control (15), which appeared to be direction
specific based on this stedy. Furthesmore, to enhance functional
balance, initial emphasis on landing mechanics (Le, acyclic
jumps) during plyometric training may prove more beneficial
for complex high speed unilateral repetitive dynamic tasks
taxing posmral control (Le, sprinting, change of direction) as
compared with fast S5C plyometrics (Le., cyoic) (3).

PRACTICAL APPLICATIONS
The replacement of some soccer drills with high-intensity

plyometric exercises may positively affect jump, sprint,
kicking, CODS, endurance, and balince performance in

young soccer players dusing the in-season perod. These
adaptations can be achieved in the short-term and may
potentially increase competitive performance and  may
reduce injury risk When programming, the practitioner
nunet e cngmizant of the fraining response heing epecific o
the direction of force production in the plyometric drills.
The combination of vertical and horizontal jump stimulus
wis more advantapeous to youth soccer players to pain
meaningful improvements in explosive performance, bal-
ance, and intermittent aerobic capacity than vertical or
horizontal plyometric stimuolis alone. Such approach ap-
peared redevant to the multidirectional nature of soccer but
may not have the same positive effect where a direction of
force production is dominant (eg, vollevball). As most
sports are unilateral in nature, it is recommended to find the
right balance and progression between bilateral and unilat-
eral training stimulus, although whether a training stimuolus is
more advantageous than the other i still to debate A
combination of acyelic o cyclic jump may alo prove
relevant to the specificity of the sport and the level of
athlete movement competency and  dynamic  balance.
Finally, although plyometric training can induce an increase
in explosive, endurance, and balance performance in young
soccer players, 1o optimize raining adaptations, this raining
strategy should be adequately applied in 2 more complex
training plan that incorporates other explosive (eg., sprint),
endurance, technical, and ractical-oriented training methods.
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ABSTRACT

Ramrez-Camplie, R, Gallarda, F, Henriquez-Olguin, G, Meylan,
CMP, Martiner, C, Alvamsz, C, Caniugquea, A, Cadore, EL, and
Lecueerde, M. EMect of vestacal, horizontal, and combined plyamed-
nE traning on explosive, belanes, and endurance perlomance of
young soccer players. J Stenglh Cond Res 29(7): 1784-
1795, 201 5—The aim aof thes study was to compare the affecls
of B weesks of veriacal, horizontal, or combined vertical and
horirontal plyomeric raining on musche egploswe, epdurance,
and balance perdormance. Forly young soccer players aged
betwean 10 and 14 peans were randomly divided inlo control
(GG, n=10], verbeal plyometic group (VE; = 10), hanzomal
plyormatm: group (HE; n = 10), and combmed verlical and
horizontal plyometie group (WHGE; » = 10). Players pedar-
mance n the vertical and horizontal countermavement jumg
with arms, 5 mulbple bownds lest (MBS), 20-cm drop jumg
reactive sirength index (RSI20), mauomal kicking  webocily
(MEV), speint, change of dirsction speed (CODS), Yo-Yo inter-
rulfent recowery kel 1 lest (Yo-Yo IR1), and balance was
measured. Mo signthcant or mearengiful changes n the GG,
aparl fram small change inthe Yoo IR1, wene abserved while
all trairang programs resulbed n meaningful changes in explo-
sive, endurance, and balance pedommance. However, only
VHG showed a statistically sgnificant {p = 0005} increase
in all peformance fest and most meaninglul training effect

Auddress correspondenos 1o Mike lapeerdn, mikel ingquesed ofi groail eom.
20TV TEA=I 705

Josrml af” Stremgih and Conditvoveing Rescarch
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difference with the GG across lesis. Although no signfican
diferences in performance changes were abserved between
experimental groups, the VHG program was mare effectve
compared with WG (Le, jumps, MEV, speint, SODS, and bal-
ance performance) and HG (e, spaat, CODS, and balance
perfarmance) o small effect. The study desmonstrated that ver-
theal, horeantal, and combaned verical and horizontal jumps
mduced maaninglul impresement in axplosve achions, balancs,
and miermibient endurance capacly. However, combirang wer-
hal and konzondal dnlls sesms mone advaniageaus fo mduce

graaler performance mprovemenbs,

Eey Wonns eploswe actions, sireich-shodenng  cycle,
compelitive game, preadolescense, strength and conditioning

InTRODUCTION
prmting, jumping, and chanpe of direction speed
(OODE) are mmpaortant determmants for suceess in
adult (42) and young soccer playvers (4). Although
=|.rr.i|11|rql_' |.1|:|]1_," contributes up o 3% of the twial
distance eovered m chikdren's games (4), mos crucal mo-
ments such w winnmg ball possesion, scormg, or conceding
goals depend on it (42 b has been proposed that the high
depree of plasticity m newromuscular development during
presdolescence, combmed with appropristely tmed imple-
mentation and  progreson of miteprative  neuromuoscalar
tramang (e supplemental tronmg combimng general and
:pnl‘:i.ﬁr_' :|I1'=n_g‘|]'.| and 1’:1.1n.rli'|.i1.1r|.'mg exercises, such as ]JI].'L'I—
metrics]), may allow for strengthened plysical development
that contnbutes Grvorably to athleticsm into adulthood (35).
Lelection of relevant trining methads, which contobute ta
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the development of socrer-relsed explosve activities from
a young agre, must therefore be on the forefront of the prac-
titicmer's mimd to merease the chance of the plaver's success
(21). As demomstrated by others (2T), power mereases with
ayre and 18 relaved w the improvement of 1 or both of s
components, velooty or foroe. Veloaty ot peak power ap-
peared o be the changing factor m peak power outpuat
before peak height velooty (PHV-a somate balogneal
maturity medicator that reflects the maximum velocity in
statural prowth durmg adolescence]), wheres boce an peak
power wis 4 more mportant determinamt dunmg and pose-
PHY {27} Based on these indings, traning for velocity in
the initial phase of a player development has been recom-
mended (34).

Unboaded or body mass plyometne traiming provides such
a high velocty traming stimuli m young soocer players
(1031-32), affecting moamal muscle power of different
mavements (30). The efectiveness of plyvometric trainmg
depend on several Botors such as eccentnc overloading, sep-
mental eoordinatien, specthicity of pont angle, and angular
velocties (13,45). However, few studies odfer optmmuom plyo-
metne traming design mrelation o exercise selection and
therr assocmted directiom of forece production (9. Vertical
and horzontal explosve exercies (egr, jumping] may
depend on different neuromuscular capabaities. For example,
the stretch-shortening cyele (55C) contnbutes bess 1o hori-
zontal than vertical jump performance, because a vertical
load on the muscubstendmous unit penerates a bigprer
stretching load, allowing greater accumulaton and use of
elwstie enerpy during the concentric pluse (1828). As spec-
ity is an important requiressent for traning indueed sdap-
tations, performance changes in explogve neuromuscular
actms may require specific tronmg srategies. Although i
1s common o Gnd musde power evaluations incorporating
bilatersl, vertical and seydic muosde sctions (eg, squat
Jump, countermovement jump) mothe literature, unibateral,
honzontal and eyelse musde sctions may best refledt com-
petitrve athletwe performance changres (28). Most movements

Taeee 1. Descriptive data of the G, VE, HE, and VHE®

mnplicate o combination of vertical, homzontal, and lateral
force procduction, especially where speed and CODS are
mportant m a2 mulikdirectional  sport such as  soccer
(18,31). Recent reviews on the tope (41,43) sugpest that
phrometne trainmy should indude honzontal and vertical
mowemenits to enhance vertical and horeontal power. Most
previous studies have prescribed vertical plyometric exer-
cises m young soccer plavers (14.49-50) or have been verti-
cal dominant {1032). Only 1 phrometne  mierventson
provaded an equal vertweal and hormontal somolus (31)
However, no studses have established the different effect of
vertical, horzontal, or the combmation of both types of
phyometnc exercises on explosive perfommance of young soce-
cer plavers.

Apart from spranting, jumpmg, and CODS, explosive
trainmyg omy abo enhance kicking and endurance and
balance pedformance. Althowgh explosive traming has con-
sistently showed a positive effect on kicking performance
(12.24), ies effect on endurmee remans controversal Soud-
s in youth soccer plavers did not demonstrate improve-
ment m Vosmax (32) or lactate thresholds (14), whereas
othvers [50) demonstrated an merease in performance during
a YoYo intermittent recovery level 1 est (Yo-Yo TR1). Also,
balince may be a fundamental quality for both execution of
techareal movements and preventon of injunies (43); how-
ever, the plyometrc raining effect on young soccer players
balines & currently unknown (5,36)

Civen the mitations previously cited, our oljectve was
b assess the effect of plyometne exercses 0 the vertical
plane, honzomal plane, and ther combinaton o several
exploarve, balanee, snd endurance performancs messures in
voung soccer players,

Memons

Experimental Approach to the Problem

This study was designed w address the gquestion of how
a short-term  phyometre troming progrm of | moderate
frequency (2 wscons per week), incorporstmg vertical,

G (n=10) WG (=10} HG (n=10] VHGE {n=10)
Age (y] 114 = 2.4 116 =14 114 =18 112 =23
Hesght (em) 146 = 16.2 144 = 96 150 =123 141 = 14.4
Bty mass (k) 427 + 132 400 = 58 446 = 11.0 401 =128
Body mass ndex (kg -m=3) 184 = 2.2 193 = 20 196 = 2.0 193 = 2B
Predected years from age of peak hesght =20 + 2.0 =23 %190 =20 %16 =22+ 18

velocity (y)

Sesmnn rating of percerced apsrion 450 = 173 492 = 106 432 = 1BD 420 = 248
Sococer mperience y) s+ 23 36 %23 41 = 216 35 %23

*CG = coniral group: YiG = vertical plyomeing braining groug; HG = honeonidal plisametnic training group: VHE = combined vertical +

harizontal plyometnio training group.
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horceontal, or vertiezal and horiontal exercses would affect
diferently jumping, spantmg, kecking, endurance, CODS, and
balanee perdformmnme messures in young soccer plivers. Afier
the tritial measurements, participants were randomly assgmed
bo & contral group (006, o= 10, or 1 of the 3 tremang group:
vertical plyometnic training group (VG & = 10), hodzontal
plyometnie mnning group (HG, o= 10), and combined vertr-
cal and horzontal plyometne raning groap (VHG, 2= 100
Measurements were repeated postintervention.

Subjects

Forty young male soccer players (aged between 10 and 14
years) with no background in regular grength or plyometne
tramming volunteered o partopate m ths study, Exclusion
criteria moluded participanis with (2} potential medical
problems or a history of ankle, knee, or back pathology that
compromised their particpation or performanos in the shudy
and (b) any lower extremity reconstructive surpery m the
past 2 vears or unresolved musculoskeletal disorders, Despine

Tase 2. Si-wesk plyomeins fraining program.™}

not par-matching individuals based on an independent
variable, there were no sgmificent diferences between
groups” charactenstics ol baselme (Table 1)

Pariicipants {amnd their parents or puardsms)) were informed
about the experimental procedures and about possable nsks
ard benefits asmocmied with partepation o the study and
sigmed an mibemed consent belore any of the tests were
pedformed. The study was conducted in accordance with the
Deckiration of Helank and was approved by the instibtional
review boand for use of human subjects from the universty.

Testing Procedures

Partscipants were familianzed with ithe test procedures 2
weeks before the inmial asssssment o reduce learming effecs.
Measurements were undertaken 1 week before and after the
mtervention. To reduce the potental effect of cumubative
Fatggae on dependent vanable outcomes, before and afier
intervention, athbetes had 7 days of rest between the lase
tramang session and frst measurement session. In addition, in

Sel ¥ repettions [mode of execution)

Group Exercisesi§ ek 1 Weak 2 Wesk 3 Weak 4 Wesk 5 Wk &
VG (r=100  Vertical ight leg AxXEC) Sx600) F=7T(0) 3B 3IxoiE 3Ixi00)
AxXE(A Sx6(A) IxT{A) IHBA IO 3Ix10(A)

Vertical beH leg AxXEE) Fx600 F=7T(0) I=BC) Ix0iE 3100

AXE[A IXE@A 3«T(A) IxB(A 3I=xBA] 3=100A

WVestical Biateral BXE(C) Bx6(C) Bx7(C) 6xBIC 88Xl B8x10(0)

BxS5(A) G6xB(A) Bx7(A) 6xBA Bx8(A 610~

Tatal per k=g 30 104 125 144 162 180

HG (n=10) Horzomalnghtbleg 32 S5(C) 3 «600) 3x7(C) 3xB(C) 3xe(d 3x10(C)
A 5(A) EAx6(a) I3xT7(A) IBA IHODA) 3104

Hommnial lefileg 3 X 5(C) 3X6(C) 3x7(C) 3xB(C) 3xXoit) 3Ix10(0)

AxXE(A Sx6(A) IxT{A) IHBA IO 3Ix10(A)

Hormmomal bdateral B x50 =600 E6=xT7(0) =B 8= &x10(0)

Bx5(A Bx6(4) EBxT{A) 6xBA B0 Bx10(A)

Tatal per k=g 30 104 125 144 162 180

VHG (n=10) Hommonalleftleg 2x5(C) 2x6(0) 2x7(0) 2xB(C 2x8i3) 2x10i(C)
ZHE(A) 2xE(A) 2xT(A) 2xB{A] 2TXOA 2xI10(A)

Homzontal mghtbeg 2% 5000 2x6(C) 2x7(C) 2xB(C) 2x8id) 2x10i(0)

ZHE(A) 2xE(A) 2xT(A) 2xB{A] 2TXOA 2xI10(A)

Vestical beht lag 2x5(C) 2xe(C) 2x7(C) 2xB(C) 2x8iC) 2x10(C)

2xS(A) 2xEA) 2xT(A) 2xBlA) 2xoi(Al 2= 10(A)

Vertical mght leg 2x5(C) 2=a(C) 2x7(C) 2xB(C) 2xeiC) 2x10(C)

ZHE(A) 2xE(A) 2xT(A) 2xB{A] 2TXOA 2xI10(A)

Baateral werlical 2HE(C) =6l 2x7(C) 2xBIC e 2xI10(C)

ZHE(A) 2xE(A) 2xT(A) 2xB{A] 2TXOA 2xI10(A)

Bdateral horeortal 2% 5(0) 2 =600} 2x7(C) 2xBI(C) zxei 2x10(C)

O E(A) TxE(A) 2THT(A) 2HEBLAl 2HOA 21008

Tatal per k=g 80 112 128 144 160

WG = vertical plyometnic trining groug; HG = horizondal plyomedric training group: YHG = combined verical + horizontal

group; & = oyclic; A = aoyclic

Iraiining
+The wolume of contacts descrbed is per session and remains the same for tha 2 plyometric taining sessions completed each
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the week precedmg performance messurements, no com-
petitive pame was performesd, and athletes were agked 1o
reduce the mtensity of their repular phyaal educstion
Classes. Tests were completed m 3 davs and  always
administered in the same order, at the same tme of the
day, by the same investigators, with 248 hours of rest from
phyacal actiary. Participanis were instructed o use the came
athletic shoes and clothes during all testmy sesoons. Tests
were comducted indoors on a wooden surface, Throughou
testingr, s mvestyrator subject ratio of 1:1 was maiatamed
Ten minutes of standard warm-up (Le, submasdmal ruanmg
with CODS, 20 wertical and 10 horzomtal submavamal
Jumps) were executed before testmg

Omn day 1, the standimg height, sitting hesght, body muass,
basdy compesition, vertical (VCM]) and horzontal (HCM])
countermovement jump with arms for masamal vertscal and
horszontal destance, 20-cm drop jumg resctive strengrth index
(RS20, and the mublple 5 bounds test (MBS) o maxi-
mal homzontal dstanee were completed. Anthropometnc
measurements were taken using a stadeometer {Bodymeter
206; SECA, Hamburg, Germany] and an electnical seale

(BF100_Body Complete; Beurer, Ulm, Genmany), and the
athletes matunty status was determined vang predicted pers
from agre of PFHY (Le, PHYV offiet) (33). Jump hepht dunng
the VCM] (ie., centimeter) and jump height divided by con-
tact tme dunng the RSN (e, mmems™") were measured
with am electroni comtact mat system (Erpojump; Globus
Iealy, Codogme, laly) Players could use ther anns during
the VOM], while keepmg ther amms akembe dunng the
FSIM0. Takeol and landing was standordized to full knes
and ankle extersion on the syme spot. The participants sere
matructed to maximize jump hesght and mmimiee ground
comtact tome durng the RS0 afier dropping down from
a Mem drop box HCM] and 5 multiple bounds tes
(MES) were completed with arm swingrs and messured with
@ tape mesure o the nearest centmeter. All jump protocols
have been previously deseribed (400

On day 2, the 15%m sprnt tme for accelerstion and 30-m
sprint time for madmal speed, the maximal kicking velocity
pest (MIEY), and a soccer-specific CODS test (31) were per-
formed. The 15 and 30-m sprint time wis measured aang
single beam infraved phedoelectre cells [Globus Italy) placed

Taeee 3. Traning efects {with 30% confidence imits) for the jump pedomancs variables for the GG (p = 10), V&

{n = 10), HG {n = 10}, and VHG {n=10)."

Basaline Parfermance Magnitude af
mean + S0 change (T} tramning effec

Vertical eountermavemeant jump with arms (em)

e 2068 = B4 3.0 (=210 B.4) 0,13 (=008 to OL36)

V& 302 + 35 B.7 (4.4 to 15.4)1 0.75 (0.34 1o 1.16}|

HGE 1.6 * 6.8 5.9 (3.1 to 8.8) 0.24 (013 10 0351

VHG 302 + 74 12.3 (5.6 to 18.5)& 051 (0.24 i0 0.78)
Homeantal sountermovement jump with ams

lem)

Ca 162 = 20 21 (=341 7.8 2.1 (=018 e 0.38)

V& 160 £ 15 B.8 (5.5 to 14.3)} 0,84 (0.54 1o 1.35)|

HGE 1568 *+ 33 24.2 (11.0 to 39.1)81 086 (046 1o 1.45)||

VHG 151 = 36 1000 (14.0 bo 24.3)64# 068 (0.51 io D85}
20t drop jump reactye strength indes

[mm-mg="}

Ca 142 = 0.4 3.4 (=19 8.0) .12 (=0u07 e 0.30)

Vi 126 £ 020 157 (121 o 19.5)5# 080 (0.71 10 1.10)|

HGE 132 £ 0368 121 (4.8 to 18.8)1 041 (017 1o 065}

VHG 147 = 0.4 17.1 [13.8 to 20.6)64# 062 (0.34 1o 0.50)|
Multipks 5 bounds test {em)

Ca B33 *+ 166 2.2 [=3.6 to B.4) 0.1 (=0U18 to 0.38)

V& B40 *+ BA.4 7.0 (3.0 o 11.1) 053 (0.24 io 0.83)

HG BE2 *+ 167 13.7 (102 to 17.4)64# 062 (047 10 0.77)|

VHG B10 + 163 13.0 (6.1 to 20.3)ES 063 (0.30 1o D.95)||

WG = vertical plyometrio training geoup; MG = horizontal plyometrio irmining growp; VMG = combined wertical + honzontal

Fhmﬂ'l;hgﬂ.lp.
tSignificant ] ari = D.08).
e
4 i} < Q011
i e [:..1-
il cand
lﬁgﬁmﬂdmuﬂlhmwg

< fubij.
= ).
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at 0, 15, and 30 m and leveled ~0.7 m above the Boor (Le,
hip kevel) o capture the trunk movement mather than a Glke
triggzer from o lmbe The starting position wis standandzeed
to & stll splet standing postion with the toe of the preferred
et forward and behind the starting lne. Sprm start was
given by a random sound, whech tnggens wmng. The CODS
test has been deserbed elsewhere |:31:|, and the I:imi.rl.g Sy E-
tern il procedures woere the same as the 30-m sprnt. For
the MEY, participanits kicked a size 5 soccer ball MNike
Seitrroy, FIFA certified) for mudmal velocity measured by
a radar gun (Sports Radar Speed Gun SE3600; Sports Radar,
Homesassa, FL), according to a previoushy deseribed pro-
toexd (2). Baswcally, partcipants performed a maximal insteg
kick with therr dommant leg afier a mun up of 2 strdes,
directed toward a goal net with a cue 1o am (e, a vertical
sqquarre arget placed in it center) 1o increase the relzbilivy of
the test. The destance between the ball and the target was
4 m. Participamits were given 2 prectice and 3 valsd mssamal
trals, with =1 mmute of rest between tnals

O day 3, bikateral balance and the YoYo [R1 wene
completed. As pressously reported for balance testng (1),
partcipants completed 2 stabality tests performed on a bal-
ance platform at a szmple rte of 1,000 Hz (Bertec BPS050
balanee plate platform; Bertee, Corp., Columbus, OH, USA):
(a) normmal stance, eyes open and (b)) normal stance, eyes
cloged. The Averige al 2 brmals for each test was used for
subsequent analyss. Both anteror-posterior s medial-
hteral data were collected dunng each tral. The YoYo
IR test was executed as ].'u'l.-ri.r.'u.l.ﬂ].' deseribed (19). Befbre
testmp, particepants perform a warm-up consstog of the first
4 runming bouts in the test. Particpants achieved a mean of
206 bemun™! (Le, P8% of theoretical maamal heart rate
[220-agre]) at the end of the test, sugpesting muasamal efort

Training Design

The current experiment was completed durng competition
perd. Particspants  performed  plyometne dnlls as a sub-
stitute for some soccer dolls wathin the waual ®-mnute

Tame 4. Training effects (with D0% confidence bmits) for the seccer-specibic axplosive and endurance perfarmancs
wariables for the GG (n= 10}, VG (7= 10), HG {n = 10}, and YHGE (n = 10)."

Perfarmance
ehange (%)

Magnitude of
traming effect

Basaline
mean = S0
Mazimal kicking velocity (en-h=1)
CiE 630 = 155
W& 606 = 8.0
HG 598 = 161
VHG 583 = 158
15-m sprind bme (s}
CaG 337 = 0.28
W& 346 = 015
HG 342 = 033
VHG 351 = 020
30-m sprint brma (s}
CaG 583 = 0LE3
W& 6.04 = 0ud1
HG 5.88 = 0LB3
WHG 613 = 052
Change of dirsction spead tes e (s)
CG 530 = 048
WGE 531 = 027
HG 536 = 045
WHG 5.86 = 0.52
o-Yo inermulient recovery level 1 test {m)
CG 742 = 278
W& 8BE = 178
HG TBE = 328
WHG G684 = 331

4.1 (=24 te 11.00

7.1 {=1.6 te 16.5)
11.1 {58 10 16.7)
15.5 (6.8 1o 241115

1.7 {=1.8 to 5.4}
=3.5 {=T7.7 to OB}
=51 (=85 te =18t
=6.0 (=B84 to =3.4151

=1.0 {=5.0 te 3.9)
=2.8 {=8.0 to 3.8}
=4.0 (=52 to =2.8]t
=58 (=70t =3715

1.1 {=3.0 te 5.3}
=25 (=54 to O.4)
=1.9 {=6.2 to 2.6}
=51 (=85 to =1.8){5

6.6 {1.5 10 1200
11.0 {59 1o 1641
15.1 {=1.4 to 34 .4}
15.5 {7.0 1o 2481

0.18 {(=0.11 ta 0.48)
0.47 {=0.11 to 1.08)%
0.35 (0,19 to 0.53)t
0.67 (031 to 1.07)||

0.18 {=0.19 ta 0.58)
~0.49 (=1.09 to 0.11)¢
=0.55 (=0.84 to =017}
=0.88 (=1.41 to =0.56)]|

-0.07 {=0.39 to 0.24)
=0.30 {=0.89 to 0.40)t
=0.37 (=0.48 to =0.26}
=0.63 (=0.B7 to =0.40)||

0.09 {~0.27 ta 0.48)
-0.43 (=0.83 to D.O7)*
=0.21 (=0.71 to 0.28)t
=0.70 {=1.02 to =0.18)||

0.23 (005 to 0Ld 1)
041 (022 o 058N
0.35 (=0.04 to D.74)%
0.31 {140 to 04T

*¥& = vertical plyometria iraining group; HG = horizondal plyometric fraining group; VHE = combined verticall + horizontal

+Small mmr_

ignificant difference pre- to postimining (p = 0.05).
ificant difierence with the & posttraining (p = .08
|Mladerate slandardized effect.
N Significant difference pre- to postiraining (p < 0.07).
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practice bwice per week for & weeks. Before beginming the
tramang period, particpants were mstructed o properdy
execute all ﬂwuerrjmlﬂbrwrﬁbnrmddmlngrhh pu'.iﬂtl
In addition, all truoning sessons were supervised] using
a trainer bo player matio ol 1:4, and particalar attention was
paid o demomstration and execation. The plyometne drlls
were performed just afier the warm-up and separated with
a minmmum of 48 hours (incdoding pames). All groups
completed the same amount of total jumps, using the same
surface and time of the day for training, with the sme res
intervals between pumps (Le, 15 seconds for scyelic jumps)
and series {:i.u'.. &l s-Er_'l‘.“lml'l}. Aside from the foromal I:ra:'n'mg
intervention, all partiapants sttended to thar regular pliys-
il educaton casses.

Vertweal plyometric taming group and HG  executed
hormzontal and  vertical exercmes, respectively, whereas
VHG combined them, All groups e arm swing during
Jumps, combining eyelic and seyele, moadditon o unilateral
and bilateral jumps. Porticipants were asked to achieve
macamal verteeal height and horsontal dstance B acyche

jumps and wath mmimum gpround contact tme for opelse
_'p.l.mpu. Maximal i.l'l.'l:n.n'l‘g." dur'mg 'Lru.im'ng' wis verified n
alﬂ.nrlﬂunl?amdgued.whmﬂruf}mﬂiﬁ]mu{l From each
phrometne group; # = 6) durmg 2 mndomby asigned tram-
oy sessions, by mesunog contact tmes, heggpht, and dis-
tance of jumps dnlls, usmgr the same procedures as during
testing. A detaded deseriptson of the tmining progrem s
depicted m Table 2.

To control that all soccer players recemve the tradning
load during intervention, the session mting of percenved
exerlion {.FI.FE] wias determined as ]Jre'.r.ir.'m:hf described
{17 and & reported in Table 1. Brefly, exch sthlete's ses-
sion RPE was collected about 30 minutes after each soceer
tramnmp session and game to ensure that the percenved
effort was referred to the whole sesdon rather than the
most recent exercEe intensity. In this study, the Chilean
ranslation of the 1i-pomt catepory ratio scale (CR10-
scale) modifed by Foster et al. (11) was used. This scale
was meosdified to better reflect the Chilean idicmatse
Engluh.

Tage 5. Traming effects (with S0% confdence limits] for the balance performance vanables for the CG (n=10), V&

{n = 10), HG {n = 10}, and VHG {a=10)."

Pedommance

ehange (06

Magnitude of
brairng etect

=43 (=113 to 3.9)
=98 (=114 to =8.5)
=11.2 (=13.3 to =0.0)}
=16.2 (=23.2 to =B.6)5|

=28 (=6.81a 1.5)
=107 (=194 o =1.1)5
=76 (=116 te =3.5)
=14E (=185 to =13.005

=42 (=183 to 0.7)

=85 (=14.2 to =3.3)
=127 (=14.1 to =11.3)
=187 (=22.7 to =14.8)5||

—4.4 (-85 is 0.2)
=113 (=13.0 to =85}t

—0.4 (=184 to 071
=173 (=21.7 te =12.7)§

=015 (=042 ta 0.11)

=0.35 (=041 fo =0.30)t
=0.32 (=038 o =025}t
=0.48 (=0.74 o =0.25)%

=0.08 (=019 1o 0.04)

=0.28 (=055 o =003}t
=0.35 (=054 fo =016}
=0.43 (=048 o =037}t

=0.13 (=055 1o 0.28)
=0.23 (=0.38 fo =0.08)t
=048 (=051 ta =04}
=062 (=077 o =047}

=013 (=024 fo =0.01)
=0.30 (=035 fo =0.25)t
=0.23 (=048 1o 0.0}
=086 (=111 ta =061}

Wi = vertical plyometric braining geoup; HG = horizontal plyvometnia fraining geoup; VHG = combined vertical + honzantal

Baseline

Balance condidion mean = 50
Antenor-postenar noemal stance spas

open (cm)

CE 0487 + 0130

W& 0424 = 0110

HGE 05231 + 0198

WHG 0487 = 0185
Medesl-lsteral normal stance epes open

[m)

CG 0342 = 0106

W& 0324 + 0106

HGE 0325 = 007

WHG 0.E32 + 0093
Anbenor-postenar normal Stance epes

closad (cm)

CE 0748 += 0221

W& QED * 0.237

HE QUE3T + 0182

WHG 0703 = 0208
Mesdel-lataral normal stance syes closed

[}

CaE OE1T + 0,090

Wi3E 0384 = 0113

HGE QE07 £ 0147

WHG 0344 + 0075
P Small lﬂmﬂiﬂpﬂ'ﬁ-ﬂt

ignifinant difference pee- to posttraining (p = 0.06)
%ﬂt pre- ko postiraining Lo < G.01).

| standardined effeot.

|m:Ehmﬁﬁﬁumpnﬂh=hiq{psﬂ.ML
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Taee 6. Differances batween GG (o =10}, V& (r= 10), HE {a =10, and YHGE [a= 10} in the iraming effects (with
D0Be confdence limits) on performance vanables

WE-CGE HG-CE VHGELG
Vertical countermovenent pump with 6.9 (—05 o 14.8) 25 (=31 to B.5) 8.5 (0.4 o 14.0)
arms Smuall Trivial Small
Horzontal countermovement jump with 54 [(—05 1o 11.6) 15.7 (B.1 1o 2E.1) 181 {106 ta 26.1)
arms Small Moderaie Mlpsdarats
20-cm drop jump reactve strength 11.5 (4.8 to 18.4) 78 (1.2 o 17.8) 14.1 {7.7 1o 20.8)
mdex Small Small Small
Mulbple 5 bownds test 4.1 (—28 o 11.4) 0.0 (33 4o 17.0) 11.1 {1.B 1o 21.2)
Small Smadl Small
Maamal kicking velocity 25 (—8.1 1o 14.4) 6.8 (—1.5 o 15.8) 8.4 {—1.2 to 19.00
Trivaal Smadl Small
15-m spmnt time —4.7 (—10.1 1o 0.8} —B.8 (—11.5 0 —1.9) —8.0{—11.9 c —3.3)
Modemie Moderaie Moderate
F0-m spmnt time —0.B (—B.3 1o 7.4} =25 (—6.5 to 1.6} =53 (—8.5 to —0.8)
Triveal Smail Small
Change of desction speed fest ime —28 [(—10.2 1o 5.3} —2.7 [(—B.5 to 3.5) =51 (—9.8 to —0.1)
Smuall Small Small
Yo-To imemittent recovery level 1 fest 6.3 (0B to 12.4d) 53 (—11.4 to 25.1) 78 (=19 to 18.7)
Smuall Trivial Small
Antenor-postencr normal stance eyes —B5 (—13.4 10 1.0) —B.2 (133 1o 1.4} —88 (—18.5 to —0.4)
open Sl Trivial Small
MediaHateral normal stance eyes open —11.8 (—18.2 o —3.B) —4 8 [(—10.5 o 1.3) —12.2 (—18.2 to —7.8)
Small Trrsial Small
Antemar-postenor normal stance eyes —4.7 [(—17.7 10 10.2) —B8 (—20.6 o 4.4) —14.4 (—258 to —1.3)
clomed Triveal Smadl Small
MediaHateral normal stance eyes —6.7 (—10.B o —2.3) —5.3 (—16.3 7.1} —138 {(—195 0 —7.2)
closed Trivaal Trrsizd Small
HG-VE VHG-YG VHG-HG
Vertical countermovement pump with —3.6 (—B0.0 o 1.8} 0.0 (—6.5 o 7.0} 3.8 {(—2.0 to 9.4)
arms Small Trivial Triveal
Horzontal countermovement jump with 76 [—0.7 to 16.5) g8 (4.0 1o 16.0) =29 (=137 to 9.2)
arms Small Smuall Trivaal
20-cm drop jump reacive strength indem —3.6 (—11.0 to 4.5} 200(=-2.1 to 6.2} 53 (—2.0 to 13.00
Trwwial Trivial Trivaal
Mulbiple 5 bownds test 5.0 (05 o087} 6.1 (—1.B to 14.6) —0.2 {(—7.4 to 7.8)
SEmall Smuall Trivaal
Maamal kicking velocity 38 (—5.7 to 14.4) 5.4(—52 to 17.3) 1.8 {(—8.7 to 10.8)
Trewial Small Triveal
15-m spmnt time —1.7 (—7.2 o 4.0) —3.0(—-7.8 o 2.00 —1.4 (5.8 ko 3.00
Srmall Small Triveal
30-m sprnt time —0.7 (7.1 to 6.1} —3.5(—0.0 o 3.3 —2.3 (—4.8 o 0.3)
Trroial Small Small
Change of dinsclion speed tesi time 0.8 (—4.6 o 6.7) —1.8 (—5.B o 2.8} —2.2 (7.4 o 3.3)
Trwwiad Smuall Small
¥o-¥o imtemittent recovery level 1 fest 1.1 (=14.8 1o 2010 3.8 (—5.7 o 13.8) =01 {(=15.8 to 18.8)
Trwwiad Trivial Triveal
Anteror-postenor normal stance eyes =04 (—2.7 o 1.8) =32 (—B.3 o 2.2) =18 (=71 to 3.8)
open Trwwial Trivial Trivaal
MediaHateral normal stance eyes open A7 (—7.1 to 16.8) -4 3 (=138 to B.2) -7 (=118 to —3.1)
Trwwial Trivial Small
Antenor-postencr normal stance eyes —4.2 (—8.8 o 1.8) —100 (—168.5 to —2.8) —8.1 {—11.0 to —0UE)
closed Trwwial Smuall Small
MediaHateral normal stance eyes closed 20 (—B.6 o 15.1) —B8(—12.7 ta —0.7) —B9({—189 o 2.4)
Trrsial Small Small

W& = vertical plyometnio fraining group; MG = horizondal plyometric training group:; WHE = combined vertical + horizontal

rE'Ffuﬂnh:r.:Eu'm in percentage unils and probabilistio inferences about ther true standandioed magnitude.
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Statistical Analyses
All vadues are reparted as mean = 50 Belative dmanges (M) in
performamce and standardized effects (SE) are expressed with
9P confidence b, Normality and  homoscedastionty -
mn‘qmunmd'u::hd. r=:pu:l1'|.1|'d::|r with g‘.ulpi.nh—“"ll.ﬂnd
Lavene tests. To determine the effect of the miervention on
perfoemance alaptations, a 2-way amlyss of vanance with
repetted mepnements (4 groups X 2 tmes) was applied
When a sgnificmt F ovalue was achieved across tme ar
between groups, Tukey post hoe procedures were performed
1o bocate the pairease differences betweeen the mean values
The a level was set ot p = 005 for statisteal sipnificinee.
Al stastieal calenkstions were perfirmed usng STATISTICA
statistieal package (version B10; SteSal, Inc, Tulsa, OF, USA).
In addition to this aull hypothess: testng, data were alio as-
sesser] psngr moygmdtude of hosed  mference satistes {16).
Threshold values for asesing magmdtudes of SE [changes as
a [rwctiom or multiple of baselme 570 were 00290, 0060, 12, and
2.0 for semall, moderate, ke, and very bingre, respectively {16).
Muagmitudes of diferences in truinmg effects between groups
were evalusted nondmacally (16): o the confidence interval
overbapped thresholds for substantial positive and negotree val-
wes, the effect was deemed unclear, The effect was atherwase
cleur and reported as the maygnatude of the observed value with
a gqualitstrve probabdity, as above. We obtuned a relatively
high mirechis correlytion coefBoent and low ooeficent of
test (00 and 3.5%, respectively]), hormonital countermovement
Jumps with arms test {95 and 3.7%, respectively), 20-cm drop
Jumgs RST (094 and 3. 7%, respectively), multple 5 bounds tess
(095 and 4.5%, respectively), MEV test (2091 and <4.4%,
respectively), 15m sprint time test ({093 and 2.5% respec-
trvedy), Sl-m sprnt e best (0095 and 199, respectively),
CODS test (091 and 3.5%, nespectvely), anterioe-posterior
nimmal stance eves open test (0094 and 1%, respectively),
medial-kiteral normal stance eyes open test (LM and 4.1%,
respectively), antersor-posterior nosmal stance eves closed tess
(.81 and 6.5%, respectrvely), and medisHlateral normal stance
eyes chised test (094 and 43%, respectively).

RestrLTs

Before traming, mo significant differences were observed
between proups in wvertical CM], horsental CM], RS],
multiple bound test (Table 3), kidking velocty, 15-m and
30-m sprmt ume, CODS, Yo-Yo IR1 (Table 4), or balance
(Table 5) test pedormance.

Mo statistically sgrifant changees in the 0 were abserved,
although a semall mesningfil change (123 SE) in Yo-Yo [R1 was
neiie] {Tahle 4). In comparson with the 06, hormontal tradmang:
groups (Le, HG and VHG) showed a dgnificmtly (p = 0005)
higher performance dunge and 5E in honzontl CM] and
multiple bound test, wheress vertkal tmomng groups (e, VG
ad VHEG) showed 2 sgmificantly (p = 005) higher perfor-
manee changs and SE m the BS] {Table 31 Alko, m comparison
with the O, the VHG showed a sgmificasuly (= (L05) higher

performamce change and SE in kcking vedoaty, 15-m spont
trme, -m sprint tme, CODS, Yoo IR1 (Table 4), and bal-
ance {both, medinHateral and antersor-postenon) test (Table 5).
Exeep for the HG amd VG groups m o the vertical CM] and
multiple bound test (respectively), all plyometne tranmg
groups showed a apruficant (@ = L05) increwse and somll-io-
moderate mesmrgdul SE i vertseal CM, hoszsonta] CM]L BRSL
and mulaple bound test (Table 3). No sstsocally sgrificant
differences n pedormance changes were observed  betwesn
ermmang groups {Table 3), althowgh vertical trinmg was oo
effectrve o a small effect at improving vertieal CM] perfor-
mance m comparson with horzontal training. In addition,
howrtzemital tramimg (Le, HG and VHG) was more effective o
a small effect than vertical trainmg (e, VG o improveg bor-
eecmtal CN] and suliple bound test pedormance (Table 6).
Although the 3 plyometne rainng groups had a small to
melerate meaningful SE in kicking veloaty, 15-m and 30-m
sprnt, CODS, Yo-Yo [R1 (Table 4), and balanee test {Table
5), only the combimed vertical and horizontal program had
a statistecally sygmificant (p = 0.05) effect m all performance
eest. In addition, the combined vertieal and horceontal tram-
g group mproved more (small effeet) than the VG and HG
m H-m sprint, CODS, and balinee performance test and
alen improved more (small effect) than the VG m kicking
vebocity and 15-m sprint pedformance test (Table ). The HG
mproved more (small effect) than the VG im0 15-m sprint
performance test o a small efect (Table &).

Inscussion

The results of this sudy mdicated a specificey of wrain-
myr effect, where the wse of vertcl exemises mduoed
o sipmbcintly greater increase in performance tests in the
vertical plane, whereas the use of honzontal exercioss mdueed
a sipmbcintly greater increase in performance tests in the
horzontal pline. Also, the nsuls mdicate that, comprmed
with CG, oaly a combmation of vertical and horizontal
tndning stimulus achieved a significmely preater increase in
almwost all e, 9 of 13) pedformance measures. Fmally, our
resules demnonstrated that the combinaton ol ssecer drills and
spectfic explosive training with no additional trainng tme in-
seson optmmizes general and soocer-specilic explosiveness,
bakance, and endurance performence in young soocer players.

The results from the VCM], HCM], BSEN, and MBS et
all demonstrated the traming prncple of specboty n
photmetrec rammg (2541), which cam be explamexd by Fe-
tos such as eccentne overloading, segmental coordination,
andd muscular activation (45). Groups tradned in the specile
direction of the jump test consstently mmproved to a greater
extend (Table &) and ineressed the gap with the CG
(Table 3}, The magmtude change m VOM] was similar or
even higher than previously reported for similar slowe S5C
muscle actons (SE = 051-0.75) (10,31,50) afier explogve
trainmyy with young soccer playens using an mterventson of
similar duration or number of sessons. The m:lgrl.l'l.ude
change in RS20 was smniler than previously reported
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(SE = 0.41-0.90) (39) after plyometric training with young
sccer plavers. Consadering the necessity to produce a high
rate af foree development i explosive actions (29), the
improvement m RS1 may have enhanced phoysical parame-
ters of gume perfiormmance. The improvement abserved] could
have been mduced by varous newromscular sdaptatons
(23} however, berause no physolopica] measurements were
mzade, anly speculstions are possibly. Frmally, the magnitude
chamge m MBS in this study was similar than previoudy
reparted (SE = 062-0063) (10,31} after explogve trainmy
with young swecer playvers. An increase in MES may be
achieved by motor eoordinstion adaptations, which cm be
related 1o the speciioty of movements used during trainmg
(10). The Ect that the HG and VHG performed horizontal
plvometric drlls, achieving a sgnificantly higher  pedfor-
mance chamgre m MEBES than the CG, would support such
contention consdering the horzontal nature of the MBS,

Although previously it has been shown that a combinaton
afl vertical and horzontal (46) or unilateral and bdateral (13)
phyometric exercises cam incresase MEV, this & the first study
to comprire the efects af vertical, homzontal, s combined
vertical and honzontal jumps, including uslsteral and bilateral
dnlls, m MEY of young soocer plnens. All trdning programs
induced a meanmgfil inerease in MEY performsnes, but the
VHG improved more to a small effect and spmaficantly m
MEV compared with VG and O (Tables 4 and &), suggesting
that a combination of vertial and horzontal exercses may
induce hggher MEV perfommanes changes in young socoer
plavers than plyometnic drlls appled m only 1 plane of diree-
tion. Ahbwugh differences m type of trainmg program spplied
moake compansons between different studses difficult, others
have foumd sgmificant inereases 0 kickng performance afier
phyometric traming in young soccer players (12,2433}, in both
dorminant and nondominant kekemg legs (12 It has been
sugrprested] that the meressed MEV pedormance may be attnb-
uted to incressed] strength and power of les" extensor muscles
(32, agonists-antagonists muscle coondmation, and greater
recrtment of mobor units (12). 1t many be that these nean-
muscular and strength-poseer adaptations had an effect on the
Tamedhandic EBetors related 1o kicking performanee, such as
menamum linesar vedocity of the toe, ankle, knee, and hip ot
ball contact {20}, which may have cumulatvely or indnadually
comtrebuted o a higher ball kekmgr veloaty.,

All trainmg groups showed a mesnimgdul decrease (Le, SE
between 030 and 0.99) 10 15 and 3 sprint Goses, bt only
the VHG demonstrated a siprmificant (p = 0L05) changre com-
pared with O (Table 4. The results ako demonstrated
a sl beneficm] effect of horizontal stimuls for 15-m sprimt
dise and mmplementing some vertial stimulus o decreas:
3 sprint tme (Table &) Although others have found am-
ibar effects (SE = 029-1.1) in sprint pedormance after pho-
meetric trainmg m young soccer plivers (31-32), this was the
frst study to compare the effects of vertical, horzontal, and
eombined verteal and horzontal plyomsetrc ramng i 15
and 30-m sprint tEmes m young soocer plnvers. As the traming
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interventon in the HG and VHG incorporstes hormontal
stimulus, this sy had meressed the chanees o gain adapta-
twms comsiderng the mpostanee of horeontal foree produc-
e aned application mspemt performmanee (18,34). Ths agress
with previous studies, where vertical plyometne tramimg fuks
te imyprove sprint perfoemance in young soccer players (39,
The higher increase in sprint performanee in VHOG ocodneades
with previous results (48) The OG did not exhdlat a meanmg-
ful or smbstcally spmficmt mprovement n sprmt perfor-
mance m this study, and conducting soocer trainmg only in-
semmon ey even mwduce decay in spant performance (399,
Theese oheervations remdonee the valoe of an independent explo-
sive training program 0 enlonce aecelerstion and masdna]
sprint abilty of voung soccer plavers during their m-seson,
The merease in both acceleratson and mesdmal running vebooty

acceleration improvernent may be mare related with the dower
58C and rate of power production nature of the acyde umps
(ie, countermovenent umps) (8) pedformed dunng traming,
lep stiffmess developed through stffer plyometric exercises
(ie, cycee jumps) may transer to meedmal unning velocity
mmprowernend {T) Therefome, in additton 1o the more Brorable
ﬁhtﬁﬁnﬁmﬂﬂnﬂsu&uﬂﬂiﬂﬁ&r:ﬂmﬁnﬂiﬂnd
results reinforee the need o add varstion in plyometne opde
(e, cyche and acyde movement) o mprove the different
neuroemuscular varsbles rebated with spring perfommance.
The study demonstrated thar all plvometre trainmg
stirmhus mduced 3 memmphl mwresme mo CODS perfor-
mumnce, with a small o moderate SE (Table 4). However, only
VHG showed a statistically sgmificant meresse and significant
change in comparson with the CG (Table 4). Ao, the VHG
progrran wik maone effective ot improving CODS perfommanes
compmred with VG and HG i a small effect (Table ). All
trainmyg prograns oontined exercmes desypmed o0 induce
short contact tmes and subsequently meresse BS1, which
may predict the abdity to dhanpe directions while nunnimg
(51). Alsa, an improved CODS perfommamee may be related
to changes m power development or meresal eomentnic
strength level, whoch can impact COD performance durmg
the deceleration phase (47). Ths smdy demonstrated thae
more efficeent 9 droving mubtiple explogve-relsed adapta-
tooms, which seemed o have transfered o CODS perfor-
manee in young soccer players. The mportant differences
between CODS tests used among sudies make results com-
panson difcult; howewer, wsangs the sme CODS test os 1 our
stdy, others have found an even greater change in perfor-
manee after phrometnc trining in vouny seccer players {9.7%;
SE = 28] (31). Bemsuse greater cdhame occurred m the muls-
plane trammg gmmobos group mthes shady, 1t can be aggued
that greater mayrmitude of change in the study of Meyln and
Malatesta (31) may be beeause of maore varety in stimnaus but
alen the intervention duration m comparson with this stady.
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Chur results demonstrated a symificant and soall meaning-
ful increase m Yo-Yo IR1 performance i all trainmg groups
(Table 4). In young soccer players, plyometric training may
not induce a sigmificant merease in underdying aerobie gual-
ities such as Vosmax (32) or lactate threshold (14) but may
sull have a meanmgful effeet on o miermsttent recovery
endurance pedormance test with repeated changes of direc-
tion (M) This diserepancy is Bkely related o the Bet tha
the chang in explosive performance afier a phyometne tran-
ing can contrbute to the change of direction durng an
intermittent test (e, Yo-¥o [R1 or 30-15 intermittent ftness
test) with ehange of direction (3) or unning economy [26),
independently from the influence on Vosmax (32) or hetate
threshold (14). As previously stated, all tramning groups dem-
onsgrated a meaningful change in reactive strength (Le,
R.Eﬂm. which Ly transfer mnto h'n].'uulﬁ] run.n.i.'rq{ ecnomy
and enhance aerobie pedformance mdependently of others
aerobic indicators {eg, Vosmax or botate threshald) (37).

A novel aspect of this study was to anabyze the effect off
phoemetnic tmmmg on youth soone plyvers balanee and the
dhifferent effect of vanmes phometric tmining interventions on
babance capabehity. Cur results showed that altheuggh all tramang
proups acheeve 3 mesnmgful change 0 all messures of
anterior-podteros and mediaHateral balanee (Table 5), only
VHG acheeved o spmificantly higher performance change in
anterior-poderne balance m companson with CG (Table 5)
and alsey 2 higher SE w0 a small effect in both medial-bateral
and anterior-postenor babince compared wath VG, HG, and
O (Table &) Improversents in balance afier phyometnc run-
ing have aheady been shown afier 6 weeks (36.52) and in
yvourg athletes (534). Berasuse balanee improvements may
not only result 10 an meressed athlete pedormance but also
in reduced lower-extrematy imury sk mosoccer plavers (32,
our resulls renfece the vahse of plyometne rammg as an
effective strstegy to rexluce injury nsk in youny athletes. There
was no sigmificant difference m media-lateral balance postim-
tervention i all the groups (Table 5). As the mmmgr was
antertor-posenor in nature for all proups, which resulted in
bestter bakanee = that plae, there & an agument o also incdude
medal-literal  plyometnebased  exercses w0 mprove  the
assoctabed balance capability. The improversent in balance per-
formanee ooy be related 1o mmproved cocontraction of lower-
extremity muscles (33) or changes In proprocepton and
neuremussakir coatral {H].ﬂﬁmpﬁuﬁlwhﬁmﬁm
specaic based on this study. Fusthermore, 1o enhamee unctional
babisce, imal emphass on lnding mechanies {Le, acpcic
qumips] dunng plyometne rainmg may prove more benefienl
for eomplex high speed undhateral repetitive dynamice tasks
taxing postural control (Le, sprintng, change of direction) 2
comprared with Rt 350 plyometnes (e, opdic) (51

Pracmicar ArpLicATIONS

The replicement of some soccer dnlls with heygh-intensity
plyometric exerciss may positvely affect jump, sprint,
kicking, CODS, endurance, and balance pedonmance in

voung soccer players during the m-season peniod. These
wdaptations can be achieved in the short-term and may
potentially merease competitive  performance amd  may
reduce mjury nsk. When programmimg, the practitioner
musl be cogmezant of the traming response being specific 1o
the direction of force production in the plyometrie drlls.
The combinatson of vertical and horzontal jumg stimubes
wi more advantageous o youth soccer plavers o gain
meaningful mmprovements i explosve performance, bal-
ance, s iotermittent aerobic capacity than vertseal or
horizontal plyometre stimulus alone. Such approsch ap-
pesared relevant o the mulisdirectional mture of secer but
may not have the sime positive effect where a direction of
force production is dominent {eg, volleyballl As most
sports are unilstens] in nature, o 15 recommended to find the
right balance and progression between bikateral and unikat-
eril traming stirnulus, although whether o traning stimulus is
more advantagesus than the other 1= sull o debate A
combination of acydic o cyebe jump may als prove
relevant to the specihaty of the sport amd the level of
athlete moverment competency and  dynamic  balance.
Finally, although plyometnic trainmg can induce an merease
m explosive, endurance, and balmee perdformance in young
socver plavers, o optimie tramnmg adaptatsons, this traming
strategy should be adequately applied m a more complex
trainmy plan that meosrporates other explosive (eg., sprints),
endduramce, techmeal, and tactical-onented troning methods.
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ARTICULO 6

ErrecT oF PROGRESSIVE VOLUME-BASED OVERLOAD
DurING PLYOMETRIC TRAINING ON EXPLOSIVE AND
ENDURANCE PERFORMANCE IN YOUNG SOCCER

PLAYERS
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ARSTRACT

Ramirez-Campille, K Henriques-Olgun, O, Burges, ©,
Andrade, DG, Zapata, D, Martiner, G, Alarez, G, Bassz, El,
Castre-Sepibveda, M, Pedadillo, L, and lzquierda, M. Edect of
pregressre volums-bassd everload during plysmetne fraining
o axplosnie and endurante parlormants n young soecer play-
ers | Strangth Cond Res 20(7): 18B4-1583, 201 5-The pur-
pose of the study was 1o compare the afects of progressive
volume-based overdoad with constant valume-based overload
on muscle explosive and endurance pedomance adaptations
during a biweskly short-term (e B wesks) phamedric training
infervantion n young sooter playens. Three groups af yaung
soceer players (age 130 £ 2.3 years) were divided inbe: con-
tral (Ci&; » =8) and plyometns traning with (FFT; 7 = B} and
without (MPPT; n=B) a progressive marmase in vwalume e, 18
pumps per beg per week, with an irdial volume of 80 umps per
leg each sesson). Bilaleral and unitaberal horizontal and verieal
counlermovement ump with arms (CMIA), 20-em drop jump
reattive strength index  (RSI20), madmal kicking welosity
(MEVY, 10-m sprint, change of dirscBon speed (CO0OS5), and
Ya-to inlermatent recovery leval 1 test (Yo-Yo IR1) weare mea-
sured.  Although  both  experimental  groups  sagnificantly
increased ChIA, RS20, CODS, and endurance perfarmance,
only PFT showed a significant improvemend in MEY and 10-m
sprint trme. |n addition, enly PPT showed a sigrdicantly hagher
perdomance improvement n umping, MKV, and Yo-Yo IR1
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compared with CE. Alse, PFT showed higher meaninglul
nprovemnent compared with NPFT in all (escept 1) jump
perdormance measures. Furthermans, although FFT invalved
a hagher total volume compared with NPPT, training eff-
ciency {le, percentage change in performancefotal jump
volume) was srmilar betwesn groups. Our resulls show thal
PPT and MPPT ensured significant improvement in musels
explogre and endurance performance measures. Howeser,
4 progressne increase m plyomelne raining solume seems
miore advaniageous o mduce soccer-spedfic pedarmance

o ements.

Key Wogrns explosive strenglh, strelchrshortening cycls,
feam sporis, strength trainng, loatbal

InTRODUCTION
t has been shown that explosive muscle actions such o
sprintmyr, jumpigy, and chonge of direction speed
(CODSE), along with aerobic power, miluence gpame
performance m young soccer players (3). For matance,
althougrh sprintmyg contributes only up o 3% of the woal
game distance covered by voung soccer players (3), mast
cructal moments (eg, seormyp) depend on it (39). In addi-
tion, aloag with the relevanee of newromosenlar patlway
traming from an exploave-development stand point
voung apes (Le, fromabdiy woadbs) 25) soccer-related
explogve activities may be important qualittes not enly at
voung level (12.45) but abso at a kater stage of a players
career (18). Therefore, it has been proposed that such explo-
sive actions could affect game performance of swecer plavers
and that they have to be traned mdependently Fom serobic
perfommance from a young age (13).



Plyometnc trunmg (Le, an explosve-type strength traon-
g methad) has been established as a spor-speche,
effective, tme-savimy, economic], and easy-to-implernent
traming strstepy in soccer Bolites with young soccer
players, which has shown to mduce improvements in several
explosive (eg, jump, sprint, CODS) (B262%) and soccer-
specific endurance pedformance mesures ($6). Thus, plyo-
metre tramang has been advocated as an appeoproate
approach to achieve soccer-related  performance mprowve-
ments, which can be antnbuted mainky to neuromuscalar
adapations (23). However, although cosches and research-
ers lave attermpled o identify the primary povernmg Boors
underlying plyometrie traming effects, the optimal handlmg
of program varmbles bo maximize perfformamce adapratons
is not yet clear (41}, particubarly in young soccer players.

The progresave overload trobnmg princple ams o
stmukate r_'l‘.“u'l'l.'i.nu.i.rl.g '.hhpml.il‘.‘ln: amd consists of [progmes-
svely inereasmyp the trainmy kads m dme, by modifying
mainky the traming voelume and mtensty (36,42). The tran-
ing principle may have a positive effect on voung soccer
plaver's jump, sprnt, and CODS pedomuanee durmy ress-
tance tranings (5). More so, plyometnic traimdng with a pro-
gresrve overload has been used m voung soccer plavers
(8922 26,20.46), although these studes did not compare
the effect of progressive overload with constant overload
(e, they did not use a comtrol group). Only 1 study (42)
conducted in voung rugby plavers have analyzed the inde-
pendent eflfect of projpressve intensty-based overload during
plyometnic traning. However, to the best of our knowledge,
e studly has shown the effect of a progressive volume-based
compared with constant volume-based overload during phyo-
metnic traming m young soccer players. Therefore, the pur-
pose of this study was to compare the effect of progressve
velurme-hased overload with constant volume-based overoad
&uingaﬂm:‘l—!m'n fmﬁnﬁl}ﬁunﬂrﬂthﬁnﬁ'iﬂb&r—
ventxm in young socver players dunmng ther m-season penod,
by replacing some of ther soccer-specific techmeal and k-
il drills. We hypothesmeed dut a progressive meresse m val-
wme dunng a short-term phyometne tremng program weoald
induce higher pedformunce improvemsents compared with
a comstant volume of phometne dnlls

MEeTHODS

Experimental Approach to the Probilem

Thes sudy was desggmed 1o compare the eflect of a fFweek
plyometnic traming program, with and sathout an increase
i velume across tme on severa] explosive and endunmee
performimce measures in young soccer players. Sample sme
wias computed based on the chanpes observed m the reactive
strength dndex (A = 033 mumoms™!; SD = 0.3) after a shaort-
term plyemetric training study pedormed in young soccer
players {37). Thus, a toeal of & participants per group would
vield a power of 300 and an alpha bevel of 005, After base-
line measirements, participants were randomby asgmed o
a control group {CG, & = B), which recenved only soccer

trainmmy and o 2 groups that completed a plyometnic trm-
oy program with (PPT, = = 8) and wathout (WPFT, & = &)
projpresave mirelse in tranmg volume in b weeks. The ran-
domzzateon sequence wis penensted elecronically and oom-
cealed untl interventions were assigmed. Although initally
@ fourth research group was considered wath a total jump
volurme equal to that achieved by the FPT but wathout a pro-
gressive merense 0 valume (Le, o control for the effect of
volume compared with the efect of propresave volume-
based ovedoad), unfrtunately ths group was not meospo-
rated] becanse thas tramang approach would have iovolved
a high volume of plyometnie traming over hard tradning sur-
face from the bepmning of intervention, which may have
mereased the injury sk in participants. Therefore, ethical
mses preclode uws from moduwding a fourth group.

Subjects
Twrenty-four voung (Ayre rmange 11-15 vewrs ol age) male soc-
cer players [rom the same soecer club and without previous or
current repubar strenyrth or plyometre trainmg volunteered for
this study, All proups participated in the same soccer dub and
trmning program (Le, 20 mootes of technieal dolls; 40 m-
nutes of otice] dalls; 20 mimstes of small<aded games; 40 m-
nutes of smubted competitive gpmes), receiving a simiker
soceer-rebated Joad (e, sesson et of percerved exertion,
Table 1}, in additon o a simikr competitve tramang load (Le.,
4-5 competitive ames dunmg the experimental penod). Sub-
jects were reminded to mamtain their usual physical activity
habits dunng the expenment. Weekly nonsoccer spont prac-
tce was sk between OG (15 = 1.2 hewk™"), NPFPT
(L& = 14 hewk=Y, and PPT (16 = 1.9 h-wk=") In addinon,
all proups received a smndhr volume of weekly physical
education-related activity (00 = 113 = 31 mm-wk='), NFFT
{113 * 31 mun-wk="), and PPT (105 * 32 mm-wk=").
Exclusion eriteria were (o) potential medical problems or
@ hstory of ankle, koee, or back injury that could compro-
mse particrpation or performanee in the study, (b) any lower
extremuly reconstructive surgery in the past 3 vears or
unresolved museuloskeletal dsosders. Indpdduals aking
medically preseribed vieamims or minerals supplements were
et excluded. Despite mot par-matchmg individusls based
on an independent varmahble, there were no sgmificot differ-
ences between proup chametenstics at baseline (Table 1)
Partecipramits (and their parents or guandians) were miormed
about the expermmental procedures and abow possthle nsks
and benefits asociated with partapaton in the study, and
they sigmed an mformed consent before the start of the
study. The study was conducted in sccordance with the
Declaration of Helsinki and was approved by the ethics
committee of the responsthle department.
Testing Procedures
The particzpants were carefully fmiarized with the meas-
urerments during several submosemal and meecmal sctions in
2 nonconsecilive lﬁh‘n.i.ng'saﬁam m 2 weeks before basal
memsrerments. Fach participant abe completed  several
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Plyomeiric Training in Young Soccer Players

Tasie 1. Descrptive data af the sontrol group (CG; n = B), plyometne fraining group with (PPT; 7 = B) and withaw
(MFFT; n = B) a progressive incrsase in valume scross lime.

oG FPT HPPT
Age iy 130 + 1.8 128 = 28 130 = 21
Height {em) 158 + B5 1680 = 134 161 = 101
Body mass (kg 532 + 111 538 = 1441 538 =78
Body mass mdex {kg-m=7) 208 £ 23 2006 1.0 M7 = 24
Body fa (%) 142 + 4.8 146 = 58 137 £ 32
Upper-body fat {6 155 + 38 155 £ 85 148 = 3.2
Lowes-body lat {90} 133 £ 5.8 13853 128 = 33
Muscle mass {H) 462 + B8 451 = 49 455 = 28
Predicted years from age of peak height velocity () 04 + 1.6 03 + 2.0 04 = 1.5
Bession rafing of percaned averiion 371 + 243 428 = 180 428 = 4B
Soccer axperience (y) 41 15 40 = 1.4 41 =15

explogive-type actions to beoome fmmilar with the exercises
wed during training. Mesurements were taken 1 week
before and 1 week after the mtervention. All tests weere
always sdministered in the sme order, sme me of day,
and '|:|:|-' the same m\lul.i.g'.l'l.m. who was blinded 1o the
I:r.1.||:|i.|1.g' EROALp af the |:|u.r'|.'iL1].1;.|.|1u. T-u‘l.'in.p' SESEIOTE Were
arhiedubed 248 howrs affer a mateh or hard ]J]:I:r‘!ll.'..ll I.r..!.i.nmg
to mindemze the influence of Gtggue All partcipants (and
therr parenis or pusrdzns) were matructed o (2) have a good
might sleep (=8 hours) before each testimgr day and (b)) have
a meal rich in carbohydrates and to be well hvdrated before
mensurements. Particpants were motivated 1o gpve their

Tase 2. Sie-wesk plyometnic fraining program.®

maxmmum effot during the performanee measurerments.
All rests were completed in 2 days, On day 1, standmg and
sittinygr heggi, body mass, vertical countermovement jump
with arms (CMIA), horzeontal bilateral and wnikareral CMJA,
and 20-em rl1'|.1|:| _'ru.mp readctive ﬂ:unglli e {.FL';]I[I} were
mesgired (m this order). On day 2, messrements taken
inchided a 1-m sprot test (Le, seceleration), masemal kick-
:in.g 1.'='||J|.1'I.1_." Lest I:f'r‘[]{'i."]. CODNS test {l.-u.. H:u‘l.}.. and the Yo-
Yo intermittent recovery level 1 test (Yo-Yo IR1) (in this
arder). Ten mmutes of standard wamm-up (6 mmuotes of sub-
mamal runmng with several displacements and 2 submuas-
il jusmp exercises of 20 vertieal jumps and 10 longitudinal

Sal repeiiions [mode of areculion)

Evsroises Week 11 Weak 2 Weak 3 Week 4 Week 5 Week 6
Horzontal ledt k=g 2 = 5 () 2% 8 ) 2% 7IC) 2B IC 2 w8 s 2= 10 (S
2 = 5 (Al 2 ¥ 6 (A) 2% 7 (A 2 B (A 20 (A) 2 10 (A
Harizontal mght leg 2 = 5(C) 2 x 8 IC) 2% 7IC) 28 IC 2 X9 c) 2= 10 (S
2 = 5 (Al 2% 6 (A 2% 7(A) 2 B (A) 2 w0 (A 2w 1D iA)
Vertical left beg 2 = 5(C) 2% 8 IC) 2% 7IC) 2 8 IC) 2 x| c) 2= 10 (5]
2 = 5 (Al 2% 6 A 2% 7(A) 2 B (A) 2 w0 (A 2 10 A
Vertical right lsg 2 = 5(C) 2 % 8 IC) 2% 7IC) 2 8 IC 2 X8 c) 2= 10 (Sl
2 = 5 (Al 2 x 6(A) 2% 7 (A 2 B (A 20 A 2 10 (A
Bilateral vertasal 2 % 5(C) 2 % 8 IC) 2% 7IC) 2 8 IC 2 %8 c) 2= 10 (2]
2 = 5 (Al 2% 6 (A 2% 7 (A 2 B (A 29 (A) 2 10 (A
Bilateral hariwontal 2 % 5 {C) 2 % 8iC) 2 ¥ TG 2 B 2 ¥ B ich R [
2 = 5 (Al 2 6 (A 2% 7(A) 2 B (A 2 w0 (A) 2 10 (A
*The group that did nal progressively increase training volume acrass Sme used the valume depicied inowesk 1 during the & wesks
of traini
trm..T:E-\deMleldkpuminn:mmamhlhmhhﬂpﬁmﬂhﬁtﬂiﬁgmiﬂnmﬂﬂlﬂuﬁh
L
“l'_‘--q.inii::.i.zaqﬂl:.
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Tagie 3. Trainng efects (with 30% confidence Bmits) for the jump performance vanables for the control group (GG
n=E] and plyosmetns traming group with (PPT; a1 = 8) and withawul (MPFT; n = B) a progressive ncnease in walume

acroas frme.

Baseline mean = 580 Pedaomance change (%) Magnitude of traening eMect

Verdical sounlarmovement jump

with arms (Gm)

CE 282 = 84 2.8 {=4.0 to B.E) 0.07 (=0.11 1o 0.24)

NPFT 2B5 = 104 108 {=2.0to 254 0.23 (=0.04 10 0.50)

PFET 278 = BT 16.68 {1.6 10 36.8) 0.54 (0,08 o 1.02)°
Hormantal counsmmovement jumg

with amms (em)

GG 154 = 353 =1.8 {=5.7 ta 2.5) =0.07 [=0.27 1o 0.OE)

MPPT 163 = 428 48 (=28t 12.7) 0.13 (=0.08 1o 0.35)

PPT 160 = 27.8 7.8 {0.3 1o 168.0)% 0.40 (0.02 fo D.79)"
Raght keg horeonial

countermaverment pmp with arms

(emb

GG 135 = 334 40 (=728 ta 11.4) 0.14 (=0.10 1o 0.58)

MPPT 138 = 353 2.8 (=37 ta BE) 0.08 (=0.11 1o 0O.ZE)

PRT 138 £ 27.7 13.5 (3.4 1o 24.7)b4 0.50 [0.15 ta 1.02)"
Lelt leg honzantal seurermovement

pimp with arms (&m)

CaE 135 = 301 1.0 {=4.4 to B.7) 0.04 {=0.17 1o 0.25)

NPFT 1368 = 428 14.1 {8.5 1o 22.3)F 0.36 (0,17 #o D.55)"

PPT 134 = 27.0 21.2 (108 o 327}~ 0.95 (0.50 to 1.400%
20-cm drop pmp reacive strength

mdex {mm-ms=")

GG 0.0ED = D029 =18 (=204 to 21.1) =0.04 [=0.44 15 037}

MPPT 0.062 = D022 14.0 (=15.2 ta 53.3)° 0.23 [=0.28 1o O.TS)"

PPT 0.072 = 0034 6.1 (1.7 10 B2.3)%= 0.73 (0.0.4 1o 1.43)F

*Small standardized efect.

thioderate standardized effect; a b, and o denate sigrificant difference pretraining to paostiraining (o = 008, p < 6.01, and
o< 0.001, respeotively). d and & denoie significant difference with the OG afier training (p = 0,08 and p < 0.00, respaectively).

Jumps) were executed before each testing day. Participants
were mefructed to use the same athlete shoes and dlothes
during the premtervention and postimtervention testing. All
tests were conducted indoor on a wooden surfsee. At leas
2 minutes of rest was allowed between each tral 1o reduce
the effects of Gtigue. While watting, participants performed
low-mtensity actvity to maintain physiologieal readiness for
the next test. The best seore of 3 tnals was recorded for all
pedformance tests, apart from the gngle Yo-Yo [R1

Anthropomeire Measreneents. Hezgght and sitting height were
mensured  wmyr a stadiometer I.'Ent.l].-m:r 26 SECA,
Hamburg, Germany), and body mass was measured with
an electrical ompedance scale (BF 100_Body Complete;
Beurer, Ulm, Germany). Furthermaore, the athletes' matunty
st was determined u.ﬁ:tgwﬁ]ittrd]-w:&umﬂgeﬁ
peak hesgit velocity (PHY) (Le., PHV offiet) (31). To predict
PHY offset, the following variables were congdered: gender,
diate of barth, date of meagurement, heplat, atting hegda, and
bindy mass A growth wtility progrom (hitpetaurns nssk,
e/ growthutilinyAphv_uiefmiftype=1) based on the study by

Mirwald et al (31) was wsed to analvee values for these
variables snd calewlate PHY affet. Bawed on PHV affset,
participants ragred from =22 o + L6 yvears, =24 o +1.9
vears, andd =24 1o +19 vears in the CG, NPPT, and FPT
group, respectively. Therefore, m the 3 groups of soccer
|.|h:|-'u:|, ian uq.u] distribaution ol su]:g'l:r.‘l: I:'LL, -1:-1] before
amd afier pubertal spurt of body hesght (Le, matunty sttus)
wiks achieved. More 5o, based on PHY ofset, the participants
froen the CG {PHV offset =04 = La), NPPT (PHY offset =
04 = 1.5), anad PPT (PHV offiet = 03 = 2.0} did not show
sigmificant dfferences ot baselme.

Conntermovement Jump With Adrms Mearsrementr. Vertical
jumps were measured wsmg an electronse contact ot
system (Ergoump; Globus, Codogne, Italy), and muximal
haorizontal __i|.|.|:r:|:| dlistame wiad rmessiared u.-n'ng i 5-m ]-ung'
fiber ghss metne tape endorsed to a wooden floor. Partee-
ipants were mstructed to use their arms to md m the jump,
positioning ther ool dhoulders wide apart for the bilateral
jumps and with 1 foot stand (right wnd leg) for the unilateral
jumps. In sddition, subjects were matructed 1o pedonm a fst
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Plyometric Training in Young Soccer Players

Tasie 4. Training effects (with 00% conbdencs bmiks) for the soccer-specific explosive and endurance parfarmance
variables for the contrel group (CG; n =B} and plyometns trainng group with (PPT. 7 = 8) and without {NFFT;

n = B] a progressne increass in wolume acnss brme.

Baseline mean = 50 Pedommance changs (%)

Magraude of framing efect

Maximal keking velocity (km-h=1)

(] 4.4 = 138 =08 (=48 ta 3.7) =0.04 {=0.22 to 0.14)

NPFT 6E3 = 154 57 (4410 7.00 017 {014 to 0.21)

FFT 87.1 = 163 10.1 {B.4 1o 11.8)=4 0.34 {0.28 to 0.30)"
10-m sprint brae (s}

[ ] 260 =021 =1.1 (=41 ta 2.0) =013 (=048 to 0.23)

NPPT 264 = 0.36 =08 (=41 ta 2.3) =0.06 {=0.26 to 0.14)

FFT 271 =028 =1.8 {=4.2 to =1.1)" =014 (=037 to =0.08}
Change of direclion speed bes

tirme (g}

(] 13014 =60 (=108 o 0.8 =0.58 {=1.08 to =0.08)"

NPPT 130 =21 =78 (=108 to =4.3)% =043 {=0.62 to =0.24)"

FFT 13115 =00 {=13.0 to —=4.8) =082 (=1.21 to =043}t
Yo-Yo imerreiten recovery level

1 best (m)

(] SET = 384 2.7 (=27 ta B.3) 0.07 (=008 to 0.23)

NPFT 80 = 440 11.6 {B.5 1o 14.7] 0.27 {020 to 0.34)"

FFT 983 = 457 15.3 {10.3 fo 204}~ 0.31 {0.21 to 040}

*Small standardized effect

thoderate standasdized efiect: a, by, and o denale significant differencs peetraining to posttrining (p = 0.08, p < 001, and
o < 0001, respectively). d denotes significant diierenoe with the G5 after training (p = 0.06)

downward movement (approxmuately to 120° of knee angle)
Ellowed by 2 maomal jump effort, nding m oan wprigin
position during vertical jumps.

2o Dty Jumpy Rewetrve Strempth fndioe. The RS120 was
determined on 1 comtae mat {Erg‘::imn]:l: Clobus, Codogme,
|'I:.!.|].':| with arms akimbo, Take-ofl and ].;u'l.-'.l:'n.g was shin-
dardized to full knes and ankle extension on the same spot.
The partecipants were mstructed to msedmize jump heggit
and mmimize ground contact dme after dropping down
from a 20-em drop box.

St and Change of Direction Speed Perfemance, The 10-m

sprint time were measured o the nearest 001 seconds
using smgple beam infrared photoelectne cells (Exgotester;
Globus), The starting position was standandized to a sull
gplit standmg position with the toe of the preferred fom
frwiard snd behind the :‘I:.!r'l.'ing' L. 5|.|-:ri.n'|. alart was g'i.'rm
by a random sound, which trggers tming. The photoelec-
trec: sigmal was positioned at 10-m and set ~0.7 m above the
foor {Le., hip level) to capture tunk movement rather than
a false trgrer fFom a lmb, The CODS test has been
described previously (35). The tming svstem and proce-
dures were same as the 10-m sprint.

Mecrmal’ Krokimg Felocaly. Participants kicked a size 5 soccer
ball [Mike Seitiro, Fédérabon Internstonabe de Football
Asgocmtion-certified) e madmal velocty measured by
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a rwbar gun (Sports Radar Spead Gun SE3600, Homosassa,
FL, USA), aceorndmg o a previoushy deseribed protocal {1).
Basscally, partscipants perfonmed a maxdmal instep kick with
their dommant bep afier 2 rn-up of 2 strides, directed towernd
a ol net with 4 cue to mm (Le, a verbcsl squsre Larget
placed i s center) o ncrease the reliabality of the e
The distance between the ball and the target was 4 m.

Yo-ko TRE The test was executed as previously desenbed
(17). Basically, 2 markers were posttioned at a distance of 20
m, and the players performed repeated 30-m shuttle runs
interspersed with 10 secomds of active recovery. The time
allwes] for a shuttle was progresvely  decreased. Before
testmyr, particepants performed o warmrup consestmg of the
first 4 runnmg bowts in the test Throughout testing, an
:in'.rd'qﬂh‘:lr 4] ].ﬁ.rl.'lnl‘:i.m.nt ratin of 1:1 was modatamed.
Participants achweved =% of theoretical masdmal heart
rate {measured with hearth rte monitor Forerunner
GIOXT, Garrman, Tarped, Tawan) at the end of the test, sag-
gesting maxmmal effort.

Insernal Trarming Load Determminatios. To assure that all soceer
plavers receive the same total soccer traning boad during
intervention, the sesion rabtng of perceved exertion (RPE)
was determined as previoudy descmbed (15). In this study,
the 5|.un'u':]'.| version of the 1|'.'|-|:|r.'r'm|: ey ratio scale
(CR10-scale) modified by Foster et al. {10) wos ased.



Tage 5. Dflerences betwesn conirol group (CG; o = B), plyometne: trainng group with (PPT; a1 = 8) and withouwl
[MPPT; n =B} a progressive intraase in volume acmss time in the traning efects” (with D08 confidence bmits) on
perfarmance vanables,

MFFT = &G FFT = GG FFT = NFFT
Virtical countermovement jumg with ams B.9 [=6.6 to 26.8) 152 (=25 36.00 6.5 (=11.8 o 28.6)
Senall Small Triwzal
Hommantal coumemmavement jump with ams 6.5 [=3.0 to 16.9) 11.8 {2.9 1a 21.4) 49 (=50 to 15.9)
Senall Small Srall
Raght beg horontal countermavemeant ump =28 (=110t 66) 98 (—284 2400 11.2 (=1.51a 25.5)
with armes Trivaal Small Small
Left leg hommontal counermovement jump with 144 (4.8 to 24.8) 20.7 {7.8 1 35.2) 6.9 (=51 to 20.4)
arms Senall Pbgederale Small
20-em drop ump reactye strength indes 153 (=215w 608.2) 516 (94 ta 1105) 307 {=10.6 to 81.0]
Senall hboderaie Small
Maxmal kickang velocity 6.5 (2.1 18 11.1) 11.2 {8.5 1o 16.1) 4.2 (2.1 to 6.4}
Semall Small Triwsal
10-m spnt ime 1.1 (=31 o 5.4) =1.1 {=4.8 o 2.8} =13 (=52 ta 2.8)
Trivaal Trivial Triwzal
Change of direchon spesd fest tme =16(=76104.7] =38(=1021030] =22 (=76 io3.8]
Triveal Small Triwzal
Yo-To indermetbent recovery kel 1 besi B0 (1.9 10 145] 12.3 {4.8 1o 20.3) B4 (=27 10 9.5
Semall Small Triwsal

*Effects are shawn in percentage units and probabilistio inferences aboul the rue standasdized magnibude.

Trutmimg Efficdency. Trainmyr efficiency was caleulated as the
relative (Le., peroentage) changre of a performance varable
divided I:r].' the total volume r.|-:|-j|.1|:r:].1: [al=y ]L-g' 1:1.1m|:|||:1:|.-rl
during the 6 weeks of plyometnce maining, as sugrgested
previeusly (7).

Training
PFT anad NPFT pedformed a plyometric intervention with
and wathout a progressive merease n nming  volume,
respectively. The plyometnc interventions were created
based on previous research experience from our reseanch
team (38). Both proups used srm-swing durmg jumps, com-
bining cyclic and acydic, in addition to unilateral and baae-
eral, _p.l.mpu For m?rﬂi.r_' drlls, |.|-m'ti.r_'i|:|u.|1.'|: were mndilivated
during each jump o achdeve madmal miensity vertical
heggit and horzontal distance; while dunng onclic jumps,
partcipants were modnvated o masmmize the ratso between
vertical hegght or horzontal distance and ground  contact
trme. Masdrmal :inl:l:lm'l].- wis verdied in a m.nd.umhf a.ﬁ.g:m.-rl
subsample of participants (2 from each group) during 3 ran-
domly assgned munmg sessions, by measuning contact
trmes, hesght, and dstance of jumps drills, using same
procedures as in CMJA and BSI20 messurement procedures
[described above). A detmled deseriptson of the traming pro-
gram i depcted in Table 2. The order of exercises execution
wias rmdomized moeach I:ra:'ni.n.g sescion 1o add wirstion
Plyometne rainmg was completed during the in-season
peresl. Participants performed plyormsetne dnlls as a substisare

for some low-mtensity techmical-tactics] soceer drills st the
beginnimgr of their usual 120-minste pracice twice per week
for 6 weeks. The PPT gproup replaces the technies] dnlls and
the frst portion (Le, first 20 mmutes) of the tsctical dolls by
plhyometne drills. Before the mtervention, paricipants wene
mstructed to propedy execute the exerceses o be done during
the trainmg perod. Plrometnc sessions were performed affer
the warm-up, which was the same o the plyametne training
groups and For the control group. Both groups wsed the same
smﬁﬂbﬂmﬂlﬁmﬂﬂa}lhh‘dnlﬂmuﬁﬂﬂﬂmﬂnﬂml
miervals betwesn sesgons (Le, 48 hours), ses (Le, 6
secomds), and jumps (Le, 15 seconds for acvelic jumps).

Statistical Analyses

All values are reported as mean * 500 Belative clanges (%)
m performanee and standardized effects (SE = changes as
a fraction or multple of aselme 510 wre expressed wath 900%
confidence brmits. Normality and homoscedastioty assump-
enimmk Bor all dots before dnd affer intervention were checked
with Shapire-Wilk and Levene tests, respectively. To deter-
mimee the efect of the intervention on dependent varmahbles,
a -y amalysls of varmnce with repested measurements (3
groups * 2 tumes) was used. When a sgnificant F value was
achieved seross time or between groups, Shefle post hoe
procedures were performed o locate the parwse differen-
ces between the means. In addiion, a 1—1:.?.:3." .Lrl.'.!]].f:i.'l of
virtanee wis used o compare relative changes between
groups. The o level was set an # = 005 for statstical agmii-
wnee, All swtistics] clookations were  performed nsng
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Tase B. Traming efficency” (% per jump) for
plyometnc traming group with (PPT; n_ﬂ'lland
withaul (MPPT; rr—ﬂ:llr =l 1
volume across teme.

Verhcal countermowemeant
pump wiih arms

MNPPT 0.0014 = 0UD0E

FET 0.0055 = 0uD09
Harizontal

countemmonement ump

with anms

HPPT 0.0027 = 0UD0S9

FFT 0.0028 = 0uD041
Fsght leg honzantal

countermonement ump

with anms

NPPT 00017 = 0UD03

FPT 00051 = QD053
Left leg harizontal

countermavement ump

with anms

HNPPT 0.0077 = 0.D0ES

FFT 0.0077 = 0.D0SE
20-cm drop jump reacine

strangth index

HPPT 0.012 = 0028

PPT 0.ME = 0020
Maumal kicking welocity

HNPPT 0.0030 = 0,001

FFT 0.0035 = 0001
10-m sprink brmea

MNPPT =D0.00042 = 00025

FFT =D0.00053 = 00014
Change of direction speed

lest e

HNPPT =0.00=8 = 00025

FFT =0.0031 = 0uDD21
Ya-To indermeitent recovery

byl 1 pest

MNPPT 0.0061 = 0.D024

FFT 0.0054 = 0UDO27

*Efficiency was calculated as percentage change of
performance vanable divided by the total volume of jumps
per leg completed during the & wecks of plyometric

training.

STATISTICA statistical package (version 8.0 StatSafi, Ine,
Talia, OF, USA). In addition 1o this null hypothess testmg,
data were also assssed for memingful apmbcmes usng an
approach based on the magnitudes of dhange. Threshold
values for assessing magndtudes of SE (dhanges a5 a frction
or multiple of baseline S0 were 020, 0060, 1.2, and 2.0 for
anall, moderate, large, and very large, respectively (14).
Maymitudes of diferences in raming eflects betwesn groups
were eviadusted as fllow (14): il the confdence interval over-
lagsped thredholds for substomtzal postive snd negatne values,
the effitct was deemed unclear. The effect was atherwioe dear
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and reported as the mygmitude of the observed value with
a quahitative probabdity, as above. Pedormance messurement
relmabiliies woere determined Lmngﬂxmlmﬂmnh'rnhtun
coefficient (ICC). A coefficent below 040 was considerad
peisor, 040t 059 fagr, G0 to 074 good, and 075 o LB
excellent (21). We obtmned excellent IOC for the defferent
pedommance mesurements, rnging between 085 amad 0099,

Resurs

Before trammg, mo sypmboant differences were  olserved
between groups 0 desempiivve or anthropometne vanables
(Table 1), anad o sgmibicant changres were observed after inter-
vention s any group. Belime treming, no sgmdficant dilferences
were observed between groups m CMJA (e, vertical, ori-
aomial, bilateral, and unitberal), RS0 (Table 3), MEV, 10-m
sprnt, CODS, or Yo-¥o [R1 (Table 4) test performance

Mo satstcally significant changes  over Hme  wene
observed in the CG, except for a significany (¢ = 0L05)
improvernent m CODS pedormance (Table 4). PPT showed
a statistically sgnificant (# = 0,05) merease moall jump per-
formamce test, with a smallto-modenste mesmdngiul effec
(Table 3). NPPT also showed a statistcally sipnificant (=
005} incresse movertical CMIA, lefi leg horzontal CMVJA,
and BSI20, with a small mesmdngfu] effect (Table 3). In com-
parson with 06, only PPT showed a significantly (# = 005)
higher performance improverment 0 all (except vertieal
CMJA) jumg test (Table 3).

FPT showed a statstically sigmficant (f = 0L05) morease in
MEY, 10m sprint, CODS, and Yo-Yo [R1 e perfommance,
with a smalio-moderste meaningfol effect (Table 4). NPFT
also showed a smtstcally symificant (p = 005) increase in
CODS and Yo¥o IR test pedormance, with a small mean-
iryrfial effioct (Table 4). Compared with O, only PPT showed
a significantly (# = 0.05) higher performance mprovernent in
MEY amd VoY TR vest [Tishle 4)

Although no statistically sigrficant differences m perfor-
mamce chanpes were abservex] betwesn phometnie trning
groups, PET showed higher meanmgful improvement com-
pared with NPPT i all jump perfirmance measures {except
vertical CMJAY (Table 5).

Mo symificemt differences were observed for trdning
efficiency between PPT and NPPT m any of the dependent
vartables (Table &).

Ihscrssnos

This study shewed that PPT and NPPT eased significant
mmprovernent m several explosive (Le., vertical jump, hostzontal
jump, RSP0, CODS) and endurance {ie, Yo-Yo IR1) perfor-
manee messures. Heowever, -El'll'g," PPT madueed a :|'|z1:|.i.ﬁ|:.l11
merease m MEV and spemt performance. In addition, only
PPT achisved significantly higher improvements in vertical
Jusap, hormeontal jump, MEV, and Yo-Yo [R1 companed with
0. More so, based on meanmgful sgruficance analyss, PFT
acheved a preater inerense m several explEne performomoee
nemres. enenpared with NPPT and CG. Therefare, the shudy
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hypothesis = accepted. Alhough concern rnn}'m.ﬂ.rq;.lning
incressed locd amd nsk of Gbpoe, on meresse o plyometnc
training volume-based load requres oaly 12 to 18 repetiboms
per week {16). In additon, young subjects possess hagh Eitgroe
resstance and recovery capactty afier high-mtensity strength
exercise [33), Therelore, an adequate progresive incresse in
plyometne training vohame-based load would not negatively
affect Ftigue m voung soocer plivers, and as our results sheow,
should result in greater pedformance adapabons in explosve
mowvernents and serobic endonmes.

Both plyometnc trainmg groups showed a significint
incrense mo vertical CMWIA, horsomwtal CMJA, and RSEH
pedormance, with a smalHMo-moderate SE (Table 3} In thas
study, the magmatude of mprovement was similar to that pre-
vicsly reponted for analogous slow stretch-shortenmg eycle
(55C) (Le, CMJA: SE = 0.43-0.5%) (26) and Gst S5C (Le.
RS0 SE = 0.81-0.87) muscle setions (37) after plyometric
trainumg with young soccer plavers using interventaons of san-
ilar duration or number of sssgons and partslly agreed with
a previous stady et apphed an intensity-based progressve
incresse in plyometne Joad in young nughby plavers (42 Inter-
estmply, only FFT showed a sgniicetly (p = 005) greater
pedormance mnprovernent m CMJA and RS120 perfommance
compared with CG (Table 3). More so, PPT showed greater
mezaningful improvements than NFFT in all horzontal umg
perdormance mesures and RS20 (Talde 5). Because partic-
ipants in thas study wene instruected o prodoce masdmal inten-
sity vertical heipht and hoszoatal distance for acychic umps,
with mmarmum ground contact tme for cpdee jumps {(mstroe-
tioms intencded o moamnze reactive strength), it & plansble
thet these matructions have permdtted an adegquate stmulation
aof gl amd Gist S5C musde performance. Comsudering the
necemity o produce a higgh mte of foece development in
exploamve ump actions durmg soccer games  (25), the
improvement observed m explosive jump performance could
also maduce some enhancements 10 physical parmeters of
game performmnce. The improvement observed could have
been mduced by vanous neusomusculas adagiatens (23);
however, becase no physiologie] messurements were made,
only specuksteons are possble. These results support the need
ﬁr:hﬂwﬁuh:mhy]rm&ﬁhﬁnﬂmhm—hﬂd
o durimg short-tenm interventions with young soccer pliy-
ers b mduce grester performamce adaptations m explosve
movernents requirmg show amd fast 35C muscle sctions

To the best of our knowledpe, this is the first study 1o
compare the effect of progresave volume-bass] overload o
comstant volume-based overload dunng short-term plyometne
training in MEV m young soocer players. (Our results sheaved
that ooly PFFT achieved a statistically sygmsficam (g = (.05)
ncremse m MEY performance, with a small SE. and this per-
formance improverment was sgmificantly grester companed
with CG (Table 4). These results supgrest that phaometrie trin-
ing ncorporating a progresave volume-hassd overdoad in the
shoet-term may nduce greater MEV pedformance improve-
menty n young soccer plivers. Although differences i the

type of trainmg program apphed make compansons between
defferent studies dificule, other studies have also reported sig-
nificant mereases. in kicking  perfonmance afier plyometne
tramanyr 0 yourng socoer phners (2937, Increnses i MEWV
performance may be attrbuted to increased strength and
explosvenes of logs' etemsor musdes 29), Gctors that are
mpotant durmg the mstep kick in soccer (20); these adapa-
s hive been attributed 10 neuromusoular adapatens (29).

It may be that these neuromuscals and srength-eoplosive
ackyptaizoms had an effec on the biomechandeal Bsctors related

to kickmg performance, such o musdmum bnear veloaty of
the toe, ankle, koee, and hep at ball contact (19), which may
|m=uuruhﬁ1ﬂfurhdi\ﬁﬁﬂuymnrh&dlﬂahigiwhﬂ
kicking velooity.

Regarding 1l-m spront pedormance, only PFT showed
a statistcally sigmificont maprovement {Table 4). Although
previows plyometne mterventions with young soccer playvers
shemved a postive impact on 10-4m sprnt perfommamee during
the meseason period (26,29 46), to the best of our knowdedge,
this 15 the first study o compare the effect of progresive
volume-boased overload wah constamt volume-based over-
kmad during plyometnc trainigg oo 1-m sprint tomes 0
young soccer players. It has been shown that although ver-
lﬂ]:hﬂlﬁﬂiiﬂdﬂﬂﬁm ma‘y'berdﬂ.lﬂlw:iﬂu :ﬂri.n!
performmnce in young male athletes (28), incorporaton of
horizontal dolls dunng phrometnc traming probably played
a more important role n sprint performance improvensent
{41}, considering the importance of hodzontal Beee produc-
teom amd applacatiom m sprmt pedformance (32) and the prn-
ciple af trunmg specificety (41). This agrees wath preveous
studies in whech vesticalonly plyometnic training Guled o
mnprove sprnt perfrmance m young soccer players (37).
Although NFPT abo meorporates honzontal plyometne
drills, the lower volume of traming may have reduced the
prolability of achieving sgpndficent sprnt pedformanee adap-
wmions (41) Also, the higher accelerston pedommance
mprovement (Le, 1m spont) in participants mom PPT
may be related 1o ther greater improvement in slow S50
muscle performance (Le, CMIA} and transference 1o unika-
eril honzontal pedormanee compared wath MPPT (Table 5,
becase acceleratmon may be more dependent on a slower
S8C musde action and explosve production srmdker o the
CM] (4) and because unilateral horrzontal jump pedormance
may better predet sprint performance {27). Interestingly,
althowgh OG  achieves a similar relstiee  pedommance
mprovement compared with PPT (Table 4), the nonsignaf-
cant mmproverment in the former may be related o the Gt
that only 4 ol 8 soceer players in the O achieve a reduced
1-m spramt tmme, whereas ol soccer players from the PPT
achieve a reduction in the 1bm sprmt tme. These obsera-
teoms remfoeee the value of a propresive volume-based owver-
bmad explosive trainmg program o enhance scceleration
sprant ability of voung soccer plavers durmg the m-semon.

In relation with CODS, the contred group and the
phyometrse truming groups achieved a statstically apmficant
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and mesmangful inerease in perforomnee. There are impor-
tant differences between CODS tests used among studes,
whech muke a comparative analysis difficult with our results;
however, other studies have found a apmbcmt mprove-
ment in CODS performance after phrometne trming (24)
and soever training (A7) The improvement m CODS pecfor-
mmnce may be related to sn dmproved BSIZ0 (3047,
explosive-development mprovements (34), or an inerese
in eccentric strength of the lower hmbs, which can impact
chanpes af dmection performance dunng the deceleration
phase (430 The merease m CODS performance observed
in the C0G may be related to the het that soccer coaches
e technical and tactical drlls that feus on the player's
agihity (6); abo, ths mereased performance sugpests that
particpants were not submatted to a poor soceer stimulas,
highlightmg the posstive impact of plyometric triming on
other vanables of young sccer playens pedormance. Inter-
estingly, although all groups achieved a signficant increase
in CODS performance, only PPT showed a ligher meanmg-
il incresse compared with CG (Table 5) sugpesting tho
progressive volume-based overdoad during plyometnc train-
ing maduees a greater CODS performance.

Onr results showed that both phyometnic tronmg groups
achieve a statstically sgmificant (F = 005) incresse in Yo-Yo
IR1 test, with a small SE (Table 4). Plyometne trmning in
young soccer plavers has shown oot o induce 3 sgmibeant
increase in the aerobic outeomes such as Vogmax (29) or
lactage threshold (11}, but <6l has a meamngful effect on
4 mtermsttent recovery endurince performance test with
repeated changes of diection (e, Yo-¥o [R1) (46). An
ineTeme in running economy (24) asssciated with increased
musculotendinous stuffness (4 and pewromuscular explo-
ave improvements after plyometnic traming may be the
underlying mechamems behind the improvement in young
soceer players (2), and these adaptations can occur indepen-
dent of changes in Voymax 29) or lactate threshold (11).
A novel Godmgr of thes study was that PPT dhowed a syl
icantly lngher performance improvement in Yo-Yo [R1 test
L'ﬂmp'.hrd.wi.lhm{'m‘ﬂ. sunulhﬂﬂﬂjhﬂqpﬂhz
incresse m volume during short-term plyometric tranmg
improves the recovery to mtermuttent efforts of soccer play-
er's that are required dunmg competiive pames,

In eomselusion, replacement of some low-intensty techmeal-
tactical soccer dalls during the m-sesson persod wath a shoet-
term (Le. & weeks) plyometne tndning mtervention with
i progressive incnease in volume of jumps duning thas penaed
in young soocer phivers would induce hagher nonspeafic and
secer-speche explosive and endumanee performance -
provements compared with a samibyr mning program. bt
without 4 progresave increse in vohume.

PRACTICAL APPLICATIONS

Replecement of some soccer drills with high-mtensity plyo-
metric exercises postively  affected jump, sprnt, kicking,
CODS, and endurance performance m young soccer phiyers
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durmg the ir-s=mon persd These adaptations i be
achieved in the shor-erm and may potentially ineresse
competitive perfirmance and reduce the mk of imury of
young soccer plavers (40 In addition, based on the present
results, @ progresive volume-basesd overdoad  sooss time
would be more sdvantapeous o vouny sooer playvers. Ths
volume-based progressive overload may induce meaninghal
improvernents m explosive performamee and mteromttent aer-
ol cagrraity when oompared with a enprogressave phromet-
ne tramng and although a progressive incease in volume
would mvalve a greater total traning volume, the @me tmin-
gy efficeney can be schieved. Fmally, although plyemetnc
tranming can maduce mprovernents in ecphsive and endurmee
perfommunce m voung soccer plavers, this traning strategy
should meorporte other explosive ecerases (eg, sprints),
mierrmtient endurince exerciees, and techmed and tdeal
omented trammang methods b optimaze game perfommnoe.
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ABSTRACT

Ramirez-Campilo, &, Meylan, C, Alarer, C, Henriquesz-Olguin, C,
Martinez, G, Cafias-Jametl, R, Andrade, DC, and laguenda, M
Effecis of m-season low-valume hegh-intensdy plyometne irain-
ing on explosne actions and endurancs of young socter playsns.
J Strenglh Cond Res 28{5): 13351342, 201 4—inbagrating spe-
cihs trainng methods to mprove explosve actions and endur-
ance n youth soccer i an essential part ol playes’
development. This study investigated the eficency of shodt-
{&nm vertical plyometnt framing program withn soccer prachce
1o mprove both exploswe actions and endurance in young
soccer players. Seventy-sic playes were recruiled and as
signed either io a aimng group (TG, n= 38; 13.2 = 18
years) or a condrol group (CG; n = 38, 13.2 = 1.8 years)
greup. Al players trained twice per week, but the TG loBowed
a T-wesk plyometn: program implemsented within socoes prac-
fice, whersas the GG followed regular practice. Twenby-meter
sprini tme (20-m), Winoes agiliy test time, countemeayement
pmp (M) heighl, 20- (RS120) and 40- (R540) em drop jumg
reaciive sirength ndex, multiple 5 bounds disiance (MBS,
maximal kscking test for distance (MKD), and 2.4-km time
irmal were measured belore and after the T-week penod.
Plyomedric: traming mduced sgnificant (g = 0.05) and small
1o moderate siandardized effect (SE) mmprovement in the

Address comespondence 1o Mikel Iaquierdo, mikel quiendod@gmead com.
2RI IRE= T2

Saurnecl & Strenpth and Conditvaning Rescanch

& 20 Nontsaal Kereegpht ava’ Camalitsaning Aociahian

Chl (4.3%; SE = 0.20), RSI20 {22%; SE = 0.57), RS540
(160%; SE = 0.37]), MBS {4.1%:; 5E = 0.28)], [Bnows aglity
fesl lime (=350, S5E = =0.26), MED {148:; S5E = 0.53],
2.4-km fwme Erial (=1.8%; 5E = =0.27) perdormances but
had a trvial and nonssgraficant effect on 20-m sprint time
[=0.4%; SE = =0.03). Mo significant mprovements wens
found = the GG An inlegrabed vertical plyomeiric program
within the regulsr socoer prachce can substibube soccer drls
ia impreve most explosve schons and endurance, bul horizontal
exarpmes should alsn be nclded o ephancs sprnting perfor-
FTRE

Key Worns aglity, explosne stength, sirstch-shortening
cyche, veriisal pmp

InTRODUCTION
orcer 1% an mtermittent sport, which requimes difi-
ferent physiolopical componens. The capacity
to produce vaned powerful actons during a
l-minute gpame & assocmted with hagh aerobice
capacity (41). However, the alality to produce an explosve
smglebout effort B as mportant as aerobec power for sue-
cess n soccer (%), This inclodes movements such as sprint-
ing, jumping, changing direction, throwing, or kickmy
frequently occurring m soccer (41). Many of these actrvities
not only require maximal power but also a high rate of
power development considering the short persod spent on
the ground to produce power, such as sprinting or changang
diirection (<10 milliseconds) (1,26). Virous studies demon-
strated that youth elite and subelite players were found to be
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Bester, more agle, and more powerful than nonelite (16,45},
wheress future internatonal and professonal plavers had
supersor  exploave charsctenistics  (Le, spesd, power) at
vouth level than fumre amateur plavers (21). These resulis
suport the Bt that soccerrelsted explosive  actnvities
regquering; power may ool only be important quabtes a
youth bevel {16,45) but also at a later stage of o plaver's career
(21} and need to be developed rom a young agre.

Flyometric exercises are commonly used 1o increase
explosive actions in pubertal (42) and prepubertal (828 29)
s plavers, with the advantage of being essy o mitegrate
in socoer practice (space, tme, equipment) and repbciting
the newromuseular stimuolues encountered in explosive soecer
activities such as sprintmg and jumping (12). Previous studies
derncmstrated that high mitensty plyometnc exercises, such
as drop jumps, can be wsed safely and effectively from the
beginning of raining m young populaton (4] and soocer
players (42} Generally, the high intensty requiremnents of
drop jump traming mply o reduced volume in trainng
(47 anad therefore may require less tme o complete than
other plyometre modes, while inducmg comparsble training
adapiations to slow stretch-shortening eyele (S50 traindng
(42). The ability 1o contmuse improving explosive action dur-
ing ir-season 1 @ challenpe because of the lmated dme avail-
able for isolated trmning, when the emphass s mosdy
pleced on technreal development m vouth soccer (27). Mey-
lim and Malstesta (28) demonstrated that in-sesson high
vidure plyometne training (~~100-120 pround contact/ses-
@on) can moerease explosive performance, but it remadns
unkmown il a low-volume high-intensity trming may induce
amilar changpes in sprintog, umpmg, and change of drec-
tioe. Such approsch may appear relevant to the time con-
straint that eoaches may encounter for both physical and
technical development of players

Apart from sprinting, jumping, and change of directaon,
explosive traming may also be benefoml to other soocer-
endurance. Previows studies (2948) investignimp kicking
velocity or distance demonstrated the efficency of explosive
tradning to improve thas quakity, but improvement in aerobs
performance remsned controverszal. Some studies in explo-
ave traning in vouth soccer playvers did oot demonstrate any
improvement m Vosmax (29) or laetate thresholds (14),
wheres others (48} demonstrated the efficiency of explosive
training to improve Yo-Yo intermitfent recovery test amd
submuaimal runming cost. Somalarly, reseanch in adult ronmers
time trizl and economy but not Vosmax and betste thredh-
old (32,40.34). It i& therefore of interest to sdentsfy if plyo-
metrc in youth plavers lave a postive influence on middle-
distance n.|.|1.r|.'i.|:|g tirre Eraal, mnﬁ]m'i.ng' E mu].ll'.j.'ﬂ-e facet
requerement (Vosmax, betate threshold and running econ-
oy} (32}, bkely to affect aerobic performance in soecer (41).

Giiven the lonitations af the current Bterature, the purpose
of the study was o determine the effect of replacmg some

1336  JoGmal of Strength and Conditioning Research

wecer drlls with low-volume high-mtensaty  plyometne
trmning exercises on explosve actons and middle-distance
tme el of young soocer plavers duning in-season. It was
hypotheszed that the replacement of some soceer dnlls wih
plvometric exercises, with oo additional troning tme m-
sewom, woauld enhance explosive acims and  asrobic
performance to a greater extent than soccer traming alone

MeTHODS

Experimental Approach to the Problem

We exammed the ability of an inseason short-term plyo-
ot trmming program, soplemented as a substiute foe
syme soccer drlls wdthin the regular soocer practice, 1o
improve physcl perfformance compared with soccer prac-
tice alone. Two groups were formed from young male socoer
players; one ollowed the modified socmer practice {training
group [TG]) and the other followed the regular soocer
practice {control group [OG]). Before and after a 7-week
period, all plavers executed a battery of 8 tests related 10
explosive and enduranee performance. Thas was a rndom-
twed controlled trmal The msigned groups were determined
by a chanee proces (o random oomber generstor on 2
computer) and eould net be predacted. Thes procedure was
establshed accondmg o the *CONSORT” sttement, which
cam be Bvund st httpa Awwawoconsor-statement ong.

Subjects
Inizmlly 121 male srocer players between 10 and 16 years of
age fulfilled the inclusgion eriteria to participate in the sudy.
Subjects were recruted from 4 different soccer teams with
smilar competitive schedule (1 official competitive game per
week) and soccer drills used during their 2 weekly training
wagions. Soccer plovers fulfilled the ollowmg mduswom
criterta: (@) move than 2-year backgroumd of systernatc
spccer training and competiion experence, (b)) continoous
spcrer trndng mo the kg 6 months, () no plyometnie
traning experience i the kst & months, (d) oo background
in reguler strength traming or competitive sports sctivity that
inwealved Ay kind ﬂijunpuq{ h—.‘:.i:'lirlg' EXETCISE r.‘|.||.|.ri.|1.g' the
tremtrient. To be meluded mthe fnal analyses, participants
were required o complete all the Bmibarestion sessons,
tradning sessons, dd complete all ests, which resulted in 76
plavers included for the Bmal analyses. Subects were
randomly dvaded mio a CG (& = 38) and plyometnc TG
(N = 3B). Subject characteristics are prowided m Table 1
Insttutional review board approval for our study was
obtamed, s all subjects (wnd therr parents or guardmns)
were carefully miormed about the experiment procedures
and about the possible sk and benefits assocated with
the participation in the study, and @ appropriste sigmed
informed comsentfassent document has been  obiained
pursuant to law before any of the tests were pedformed.
We comply with the human and animal expenmentation
policy statements puidelines of the Amercan Collepe of
Sport Medwine, Sample sze was computed seconding 1o
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Tame 1. Subpect characierisies al the star of the T-wesk pedod (mean + 500

Subyeet  Characteritir. Heght
wis messured using a wall-
mounted stadsormeter I:'Eu!I!-E'rh

Cantral group (n= 38 Traning group [ =38)

fy, Shanghai, China) recorded

Age i) 132 + 1.8
Genilal tanmer stage a7 +1.0
Pubic hasr tanner slage 36+ 1.1
Body mass (kg 474 + 119
Height (em) 153 + 12
Body mass mdex (m-kg=7) 190 + 23
Sassion rating of percetvad 312 + 123
aprtion
Soccer axperience (y) 41 £ 1.8

mﬂwnﬂrﬂﬂ.ﬁmbﬂdr

1;?21'? mass was messured o the
36 = 1.1 nearest L1 kp using a dygieal
47.9 = 10.0 scale (BC-554 Ironman Body
154 £ 12 Compositon hMonitor; Tanita,
18.8 = 1.7 MEnoi, USA), and body mss
= 151 index (BMI} was ealenlared
44 = 16 (kg-m=2). Maturity was deter-

*Mo significant difierenos between groups and within groups before and after the T-weoek

the chamgres observed in plyometnc (Le, resctive strength
index) pedirmance (@= 0.3 mm-ms™; SD=10.35} in a group
of young adolescents submutted o the same traming program
appled m thes stady (4). A iotal of 8 partapants per group
would yield a power of 0% and & = 005

Testing Procedures

Subgects Bllowed a Rmdiariztion sesson of W mmutes
bebore testmgr to reduce any lewrming effects. Standandized
tests were scheduled 248 hours afier a competition or hard
physcl tronmg to minmmize the influence of ague and
jJu'ﬁJnn-Bﬂ under amilar wﬁ.lhm'. I.n'ru:. and feld condions
before and mmmedistely afier the T-week penod over 2 days.
On dﬂ.}- 1. ph:pu: charartenstics. []'.H:lj:hl'.. ]:rud.}' mudss, and
sell~assessed Tanmer pubic hair and penial stage), and per-
formance test were conduded in the followmg order: soun-
termovement ump (C]), 20- (RS120) and 40- (RS40) cm
dn'.'q} __iu.l:rlp rEmctive ﬂ.me'ngfh andex, 5 alternated lq bouands
test (MBS), 20-m sprint {20 m), and [Enos agrliy tes On
day 2, maximal kieking test for dstance (MED) followed by
a 24-km tme tral were pedformed. All tests were admims-
tered m the sime order before and after trainmg m the sime
sparting clothes and recorded by the same investigatons. In
addsion, all participants (and therr parents or guandzans)
were mstructed o0 have a good night's slesp (=% hours)
before each testing day, to avodd danking, or eatmg at beast
2-3 hours before measurements. All participants were moti-
vated o gve thelrr maximum effort during performance
measurements. A beast 2 ominuates of rest was allowed
between each tral o reduce Bogue effects. While warting,
the participants performed bow-mtensity sctivity to marmitam
physologeeal readiness for the next test. The best score af
3 trials was recorded for all perfrmance tests apart for the
smgrle 24-km time tral As in previous studies from our
laboratory (4), high miracdass comelation coefficents were
obtained for the different performance test varying between
081 and 098

mined by self-assessment of
Tanner stage {46).

Ferdneal T Testing

included the execution of max-

irmal CM], BS120, and RSHO
All jumps were pedormed on a moblde contact mat
(Ergojump; Globus, Codogme, haly) with srms akiosbo,
Take-ofl and lmabing was stmdardized o full knee and ankle
extenson on the sime spot. The participants woere instrocted
o masimize jump hesght and mimmize ground contact me
during the RS20 and R5140 after dropping down from a 20-
and 40-cm drop box, respectively. The reactsve strengrth
index was caloubsted o previously reported (49).

Muligple 5 Bownds Teif, The multiple 5 bounds rese (MB5) was
startex] from a standing postion awd performed a set af
5 Fer:l.rd.j.l.mpu with alternative Hl—ﬂ.ndrigf'u-lug'rﬂnl.ah‘:u
to cover the kmpest dstance posstble. The disance of the
MBS was measured 1o the nearest 05 em using a tape
mensure (28]

Taemiy-Meter Sprint and Wi Agdiy Tt The sprint time
was measured to the nearest 0001 seconds using single bewm
infrared reds photoelectne cells (Globus Dalia, Codogne,
Inaly). The startmgr position was standardeszed 1o a sull spla
stumading positeon with the toe of the preferred oot forward
and befund the startmp hoe. Sprint start was given by
a ramdom sound, which trggers timing. The phowelectne
sgmal was positioned at 20 m and set ~4.7 m above the foor
(i.e, hip level) to capture the trunk movement rather than
a flse triggrer from a limb. The Mmois aglity test has been
desenbed, and ws relmbility sddressed elsewhere (15) The
timing system and procedures were sime as the 2-m sprmt,
except that subjects started lving on their stomach oo the
fostsr weath theeir face down,

Maamal Kiching Ditance Terr, After a standard warmeup,
each plaver kicked a new size 5 soccer ball (Nike Seitiro,
FIFA certified) {100 for maximal destance on a soccer held
Two morkers were placed on the ground ade by ade o
define the kick lme. Particpants performed a mmsimal mstep
kick with their dominant leg affer a run up of 2 strides
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A 75%-m metrie tape was placed between the kicking line and
dcross the socper feld An asessor was placed near the
regnon where the ball kand after the kick o mark the pomt
ol contact and to measure the distanee kcked. The distance
wis messured to the nesrest 0.2 m. All mesurements wene
completed with a wind velocty <20 km-h™* (Chilean
Meteorologeeal Service, Santmaga, Chile). Previous studies
have reported o high relalbty of amibar soccer kicking
test (23]

A 24k Tiwe Traad. Affber a waarme-up of 2 laps and 4-mmute
rest, players performed & laps of a 400-m outdoor dint rack
timexd 1o the nearest second using a stopwatch. The wand
velocity at all times was less than 9.9 km-h™!, the relative
hurmichity was between 50 and 70%, and the temperature was
bevween 15 and 307 O (Chdean Meteorologieal Service).
Maotivation was considered mavmmal, a5 thes et wos con-
ducted as part of the selection process.

Training Program

The study was completed durmg the mid-portson af ther
commpetition pericd. Before the competitive penod, sulgects
commpleted 2 months of summer presesson trainng. The
control group did ot pedorm the plyometne training but
performed their wasl soocer tramdng. A detailed descriptaon
ol the uaml soccer tranmg apphed durmg the competiton
period 5 depicted m Table 2. To know the tronmg lood
durmgr the intervention, the sesswm rtmgr of peroeived exer-
tivn (RPE) was determimed (Table 1) by mubtiphang the
specer inuning durstion {m minotes) by sesson BPE, as
desemibed previcasly m young seccer plavers (18], We used
the Chilesn transhatson of the 10-panint categmry ratio scale
(CR10-scale) modified by Foster et al. (11}

Before the mtistion of the traming period, the T
subjects were instructed on proper execution of all the
exercises included in the program. Dunng mitervention, the
TG removed the technical dalls (Le, ball eontrol, ball pass,
ball eonductson and deibblmg, ball kicking, ball heading
exercises) and replace them with plyometne drlls wathom the
usual W-mmute practice twice per week for 7 weeks. This
time (e or number of sessons are higher (322,42 43) oo

very similar (528) 1o those previously reported o induce
agmficant explosive adaplabions in young soccer pliyers
and youths (4). All phometrie sessons lasted 21 minutes
and were performed just afier the warm-up to ensure that
the plavers were m a rested state and gam optimal benefits
from the speclic program, sorording 1o the training princ-
ple of prioty (19). Plyometne drills incuded 2 sets of 10
repetiions of drop mps Fom 20, 40, and &0 cm (Le., 60
comtacts) performed on a grass ssecer feld. Exercmse inten-
sty wos determined as high (28) and exencise volume bow (L
e, tota] pround contacts) (4). Although we did not increase
the trainmg volume during the T-week perod, as we wsed
higrh mtensity plyometnic exencises performed with maximal
eflort, am adequate traning stomulus was applied during each
plvometnc sesson, o previously demonstrated in young
boys (4) and soceer players (22).

The rest period between repettions and sets was of 15
(34} and W seconds (4), respectively, as previous research
had demonstrated that this 15 an adequate rest interval for
this type of truining. The subjects were instructed to place
therr hamds on thear hips and step off the platiorms with the
supporting leg straggivt to avord any mitsl upward propul-
a0n or anking, ensuring a drop height of 20, 40, and 60 em.
Particzpants were matructed to jump for maxdmal besglt
and miniminm conkiel Hme, every JUmp b Auxdmise reactive
grength {1e, bounce drop jumps). As players did not have
any hastory of formal plyometrics, all exercises were super-
vied, and particular attention was paid w0 demonstrton
and execution, _E:ir.i.ng maxmmal motivation o sthletes d.u.r.i.ng
esch jump. Traning sesions were  separated  with
a mmimum of 48 hours (including gmes) 1o ensure that
the plavers were always fresh to tron (28). Asde Fom the
formal tramdng interventson, all participants attended their
regrabar physscal edocaton dasses.

Statistical Analyses
All vahees are reported as mean = 50 Relstive changes (%)
in performance and stndardzed effecs (SEs) are expressed
with ®% confidence lmits. Normality and homoscedasticiny
assurmnpions for all data before and after mtervention were
checked respectively with Shapire-Wilk and Levene's tests.

Tame 2. Usual soccer raning sesson of young soccer plagers during inbervention.

Duratean
Exercise {min]
Technical drills (ball contrel, ball pass, ball cenduction and drbbling, ball kacking, ball heading] 0
Tactisal drills (defenssve drills, offensive dolls, corner kicks situabons, penally kecks) 0
Small-sided games wilh or withoul goal kesper and with or withoul change of soceer rules {eg., one iouch 0
pass, onky heading goals)
Simulaled compeatiive games 30
1338 Joamal of Strength and Conditioning Research
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To determune the effect of intervention (Le, plyometric
truning) on explosive strength adaptations, a 2-way vari-
ance analysis with repeated measurements (2 groups 2 3
'L'imz:} WS appliﬁ]. When a ='||g:ni.‘r|:-|‘:.||:|l: F ovalue was
achieved acros tme or between groups, Tukey's post
hoe procedures were pedormed to locate the painwise
differences between the mean values, The o level was
set at p = 005 for statistel agmibcnee. Al statsteal
caleulatsons were performed vsing STATISTICA statisti-
cal package (Version 8.0; StatSoft Inc., Tulsa, OF, USA) In
addition to this null hypothesis testing, these data were
abo assessed for dlindeal sigmificance using an approsch
based on the magniudes of change. Threshold values
for assessing magnitudes of SEs (changes as a raction or
multiple of baseline S0} were 020, 060, 12, and 2.0
for small, moderate, |u.|'|g£. and veEry ]arg'lz. IvE=|:|=1.1:i'.rd:|-'
(ITh. The effect was deemed undesr when the chanee of
beneft (a standardized mprovement in performance af
=020} was suficently hagh to warrant use of the inter-
vention, but the sk of irrl.l:'.lirml:'.ril: WS IJIJHL‘II'.“E‘]JI‘.E.I]!]L
Such undear effects were wdentified as those with an
adds ratio of beneft o imparment of <66, a rate that
corresponds 1o an effisct that is borderline possibly bene-
ficzal {25'“ chanee ufb-E'DEEI:] and borderine most u:n]'lkd:r
detromental (0L5% rsk of harm). The effect was otherwise
chear and reported as the magnitude of the observed
value {17

HesuvLrs

Before and after traming, no sgmifbicot difference were
observed between the intervention and control group in
hegght, body mass, BMIL or maturity ststus {Table 1), Aleo,
i sigmificant changre within the groups was observed after
the trmaining period.

There was no sgmubicant difference between groups ot
beagelmne in all |:|n|=r.|'r.'rr.|11:.!.|:rL1= measiares. Diferences between
groups became spnificant m BSERO (@ < 0.01), RSHO (p <
001y, MED (p < 001), and aglty (@ = 0.05) afier the
T-week perod [Table 3).

After traming, the TG demonstrated a signficant (<
0001} and small ineresse in CM], RS120, RSO, and MBS,
whereas no significant clmges were observed in CG
(Table 3). The trainmg program did not induce a sgmificam
-|‘:|.'u1.ng1= Y =|:||."m'l. |.|ErE':rr.r|1..m-|:E foor the TG, whereas the CG
extabits a apmibeant (f < 0.001) and small meresse 0 20-m
time [ Table 3k The tnuning progrm had a beneficzal impact
am the Minoes aplivy test imme, resulting in o sppfieant =
0001} smd small deerense for the TG, In contrast, the CG
ackhoeves o symificant (< 0001) and sl meresse in the
Mzmems sglivy test tmne (Table 3)

After mtervention, a significant (g < 0.001) and small
th'.n'q{v& wis olserved in MED |.|-éri'.“lrm..m-|’.‘r for the TG,
whereas no apmbcmt cdhange was observed 0 the CG
(Table 3). After interventson, a sgmbcmt (p < 0.61) and
small changne was observed in 24-km performance dme for
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the TG, whereas no sgmeficant changre was observed in the
G (Table 3).

For the CM], RSE0, RSI40, MBS, 20-m sprmt tmme,
Mhnoms sgrlity test e, MED, 2. 4-km ume wmal, 88, 93, 95,
B1, 32,95, 70, and 38%, respectively of subjects from the T
were respmdens Lo bramming.

Ihscussmos

Thas study mdicated that 7 weeks of plyometnic training
induced sigmficant and small 1o moderate improvements m
CM], B5[20, RS0, MBS, Minais agihity test time, MELD,
and 24-km tme trial performamces. These resules show that
the combination of soceer drills and specibc power traimng
with no addithonal trdning Hme in-season optimize general
and soccer-specific explosiveness and endurance  perfor-
MENCE 10 YEAIE SOCCET [Vers.

Abbouph we ueed higher ger w indude subjects o the
fral analyses (e, completion of all traming session)
compared with the previous interventions m young subjects
(134T, the maymtude change i CM] (SE = 0240) and MBS
(3E = 0.28) 1 this study was smaller than preveously re-
ported for both the CM] (SE = 0.50-0.87) (3,8.28.48) and
MES (BE = 044-0.88) (8.28), afier explosive truning with
youngr soccer playvers using mterventions of similar duration
or murber of sewmions as n Ui :I!uﬂ:r. However, these dis-
crepancy in traning effect can be attributed to the training
specificity, as the previous studies mentioned above wsed
bath slow and fast 55C (3,828 48), which the former being
amilar o CM] and horesontal stomuldus (8,.28). The greater
rrayraituce m BSI20 and BS140 (SE = 0.37-0.57) would sup-
port such eontenton considering the fst SCC of the current
traning program. In addmion, Meyvlan and Malstesia (28),
whe did not inelude any drop jump traming into their plyo-
metne program, found noe sgprubecant change m reactive
arength. Considering the necessty o produce a high rote
of power development m explsive actions (27}, the
improvement m R5] may have enhanced plysscal parame-
ters of game performance. The improvement observed could
have been induced by vanous meuromuoscubar adapeations,
ety @ erweressed neural drve bo the agonist moscdes, saproved
intenmuscular coondination, changpes in the musde-tendon
mechanicakbstifvess charactenstes, changes m muscle see or
architecture, and changes m single-fiber mechanses (24), but
bemase o physiclogical measurements were made, only spec-
ulatiors are possibly.

The lack of mmprovement in 20-m sprnt tme after the
current plvometnic tranmg demonstrated that other training
stimulus may be necessary o enhance sprinting performance
of voung sosecer players during the competitive period.
A lack of change in 15-m sprmt ime afier drop jurmp—hased
plyometrie training has been previously reported in 17-year-
ald soccer players (42). As the raiming strmulus was only
mﬂrjlhirﬂ!mr.lhhuﬂyhﬂdrﬁ]m‘udﬂi&duhwulﬁr
socrer plivers o gain adaptations, considenng the impor-
tance of horeontal force production and the appleation m

1340  Jémal of Strength and Conditioming Rescard

sprint performance (30} and the prnciple of rainmyg spec-
Geity (33,36) Despite the lack of 20-m sprmt improvement,
a small reduction o complete the Hhinois sy est was
fund in the TG The cumrent results are sinilar e those
reparted by Thomas et al. (42}, where high intensty bounce
dresp jurmps had a somall positive effect on agility performance
in voung soccer players but only a trivial effect on 15-m
sprint e, An moerease in power development (31}, reactive
arength (4%), and eccentric strength (39 may have contrdb-
uted to the mprovement in agility performance, whereas
accelerstion may be more dependent m a shower stretch-
shorten eyele and rate of power production smilar to the
CM] (), which was not targeted in the current training
prosgram.

The mprovement m kcking performance demonstrated
that soccer-specific explosve actions of young male soccer
plavers can be enhanced during the competitive period with
a short-term plyometne trammy program implemented as
a substtute for some soccer dalls. An improvement m
kicking pedormance afier plyometne tronmg has been
previously reported in presdolescent (2% and adolescent
soccer players (35). As players had more than a 2-year back-
round of systematee soccer rainmy and competition expe-
rence and given the bok of improvement in the O, the
positive change in kicking performance are unbikely 1o be
related to the techmel traiming over the short-term pernod
of T-week in this study. It had been suppested that an
incregsed strengrth and power of legs’ exiensor muscles
becase of plyometnc traming may merease kickmyg perfos-
mmnee in voung soccer players, and these chanpes could be
attributed solely to newromuscular sdaptatons 29, It may
e that thess neuromuscular adaptations had an effect on the
iomechanical fctors relsted 1o kicking performance, such
as rasdrmum linesr velocity of the toe, ankle, knee, and kg at
ball comtact (200, resultant in higher ball kickagr velocity and
e MELL

The TG exhabited a small reduction in 2.4-km tme tral
and become signdficantly fitter than the OG, despite no
additonal aerobic troning. The change m newromuoscular
ability in ths sudy, especially the BSL 5 lkely to be
transferred into a better running economy  (37,38), which
could potentially explam the positive change in the 2.4-km
tirme trial of the TG (32,40). Previous explosive training m
youngr soccer  pla did oot mduce mprovement m
Vinrmax (29 or kctate thresholds (14) but was efficient at
enhancing Yo-Yo mtermittent recovery test level 1 perfoe-
mmnee (48). This dscrepancy = Iikely related to the Bt that
the change in newromuscular power afier an explosive tram-
ing cam contribute o the chanpe of directson durmgr an
intermittent st (eg, Yo-to or 30-15 mtermtent ftness
test) with change of drection (3} or runnmy economy
(25.40) but has a lmited influence on Vosmax or kactate
threshold (40,44). Given the multi-directional nature of
the game and necessity to eover long distances (41),
explosive neuromuscular training should be consdered



as a complimentary method to aerobic conditioning in
vouth soccer plavers in addition to its anaerobic function

PracTicAaL APPLICATIONS

The replicement of technical exercises with low-volume
high-intensity plyometne drop jump exercises was effective
at mmproving  severtl exphsne adons and  endumance
capacity in yvouth soccer players, which may have high
transference mbo jpone ploy performance. Thus, a twace-
weekly shori-term high intensity plvometnic troning pro-
gram implemented as a substitute for some soecer dnlls
within the regubr m-s=son soecer practice can enhance
explogve and endurmee performance In young soccer
ployvers compared with soccer trmnmgr alone. The reduced
volume of phrometric tronmg ensred minmal me allo-
cated 1o non—soccer-specfic traming while maintsnmg con-
T j.'lh:.-':-i‘:.ﬂ dEvElﬂihn-Eul! -l‘.'ll:_:|.=|.1|.u:|g' pl.l'g,m &u'i.nu the
.-.e:umlCmm'du-ing Mmmzyﬂtmumﬂrim [uq:u.-
cially amateur teams) had brmited tme to tain {eg, 90 -
nutes, 2 tmes per week), the current Bndings may be
rebevant 1o programmmgs phyometnie training m this eontest

Althouph concern has been expressed by some research-
ers reganding the injury sk duning plyometric training, to
the best of the swthors knowledge, when adeguate con-
trolled plyometnic tranmyg intervention had been applied,
no important injuries had been reported. More so, plyomet-
rie tradning hed been advocated as a preventive injury strategy
and even as a rehabdlitstson waol. In fact, durmg our mternen-
tion, the rekative high mtensty of the trainimg program did not
result in any inunes, and it is mportant to notice that in the
present mvestiation, subjects reported litle subjective musde
pain afier the raining sssons (data ot shown), However,
practitioners need to be mmdful of the plavers’ movement
competency before introcucing drop jump exercses and plice
a considerable emphass on coachingr,

Also, m aceordance to the concept of trnnmg specificity,
drog jump traming was most effectve at improving tests
replicating the traming stmulus [R50 and transferred 1o
perdormance measres, where verticl neuromuoscular power
and reactive strength were relevant (CH], 5 ME, MED,
25%m wme tmal). However, another or a comphimentary
traming stimuhs should be mplemented to improve 20-m
sprint time in young soccer plavers. Future studies should
include  tranmg  proproms wath  molt-directional — and
unibateral-bilateral exercisss, given the nature of sprinting
and other explosive movement on the fheld {(ep tackhng,
chanpe of directiom). Fmally, short-term plyometnic training
program cim alss be considered as an intervention strategy
to increase kickmyp ability and endurance i youth soccer
players, but we recommend that thas ruming method muost
be adequately incorporated in a comprehenave training
program that develop the specifie technical alelities entseal
to schieve adequate ldcking pedformance (especially m
youngs apes) and with an adequate aerobic conditioning
progrem, bo optmmize traming sdaptations.
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THE ErFrFeEcTS OF INTERDAY REST ON ADAPTATION TO
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ABSTRACT

Ramirez-Campillo, R, Meykan, CMP, Alvarez-Lepin, C, Hennquez-
Olguin, C, Martnez, C, Andrade, DC, Castro-Sepdlveda, M,
Burgos, C, Baez, El, and lzquierdo, M. The eflects of interday
rest on adaptabon 10 6 weeks of plyomeinc frainang i young
soccer players. J Strength Cond Res 29(4): 972-879, 2015-
The purpose of this study was to determane the effects of
short-term plyometnc training interposed with 24 or 48 hours
of rest between traming sessions on explosve and endurance
adaptations ; young soccer players. A total of 166 players,
between 10 and 17 years of age, were randomly divided into
3 groups: a control group (CG; n = 55) and 2 plyometric
trainang groups with 24 hours (PT24; n = 54) and 48 hours
(PT48; n = 57) of rest between traming sessons. Before and
after mntervention, players were measured in squat ump,
countermavement jump, 20 {(RSI20) em drop jump reactive
strength index, broad long ump, 20-m sprint time, 10 X 5-m
agdty time, 20-m multistage shuttle run test, and sit-and-reach
test. The plyometnc training program was applied during
6 weeks, 2 sessions per week, with a load from 140 to 260
umps per sesson, replacing some soccer-specific dnlls. After
intervention, the CG did not show significant pedormance
changes. PT24 and PT48 groups showed a small-to-moderate
signdicant improvement in all pedformance tests (p < 0.001),
with no differences between treatments. Although it has been
recommended that plyometric dnlls should not be conducted on
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consecutive days, the study shows that plyometric traning
apphed twice weekly on consecutwve or nonconsecutve days
results in smilar explosive and endurance adaptations in young
male soccer players.

Key WORDS maturity, explosive strength, competitive sports,
strength traning

InTRODUCTION
ocoer i an intermittent sport that requires different
physiological components. The capacity to pro-
duce varied powerful actions during a N-minute
game is associated with high aerobse capacity (33).
However, the ability to produce explosive single-bout effort
is as important as aerobic power for success i soccer (12),
such as sprinting, jumping, or changing direction (33). Plyo-
metric training (PT) s commonly used to mcrease these
types of actions in young soccer players (72728 34), with
the advantage of being easy to integrate m soccer practice
(space, tme, equipment), and replicating the neuromuscular
stimulus encountered in explosive soccer activities such as
sprinting and jumping (13). Additionally, PT m young soccer
players may increase endurance performance (38). There-
fore, PT may be advocated as an appropriate approach for
enhancing soccer-related performance abilities. However,
the characteristics of between-session recovery of a PT that
generates optimal gains are not cear (31), especally in
young soccer players.

Plyometric training frequency (31) or the rest interval
between training sessions (26) may affect its outcome. In
young soccer players, PT frequencies of 1 (2436), 2
(14,1924,2728 32 34 40), and 3 (7) sessions per week have
been apphied effectively. Cunowsly, most studies in which

explosive strength traming was applied to this group of



athletes dud not report the rest interval used between trdnmg
sessong (7,14,1924 34400, It has been recommended that
plyometnc dolls should not be conducted m consecutive
days in youths (937} although no expenimental evidence
sustaing these recommendations. In addition, several inter-
ventions in youny soocer playvers used =72 hours (28,32) or
=48 hours (2T) of rest between PT sessons o allow for
adequate recovery, sugpesting that these time frames of rest
would be necessary to induce sdequate traning stimulation
in this populstion of voung athletes. However, 1o the best of
the authors” knowledge, no studies have evaluasted the effec
of the rest mterval between PT sesdons moexplosive and
endurance performance of young soccer players.

In adults, improved performance had been repaorted with
PT requencies af 4-5 sesions per week (1531), sujgrestmg
that <24 hours of recovery between sessions may mduce
sggmuficant adaptations. In vouths, the recovery capacity from
high-intensity plyometnc exercises has been reported 1o be
higher than m adults, and <24 hours may be sufficient o
recover froem a previous explosmve exercise stimualas (25). A
higher bevel of flexibility (leadmg to less overextension of
sarcewneres during eccentnic exercise), shower musce fiber-
type composition, and a high level ol habarual phoysical actne-
ity in youths may help explan ther hagher recovery ability
after high-tntensity FT (25). Therefore, because young ath-
letes i recover from physical exertion Bster than adults,
especmally  fom  high-intenssty  exercise (11), one may
h:f]mrl'l.zn';.:eﬂml 4 hours ol rest between PT sesgons could
be viewed as an adequate recovery perod to mduce tranmg
adaptations m this populaton. Conssdennyg that From a prac-
tica] and logistic point of view, some young soccer lEams
schedule traming sesions on consecutive days, our ressarch
interest was to determing whether 2 PT sessions per week,
with 24 or 48 hours of rest between these, would result in
:ignﬁ‘:.ln‘l. differences in |=|:|:||.r.'un'.'|.'|: :I'.r:rq;l]i and endursmoee
adaptations between the 2 recovery wimdows, as well as with
no additional explosve traming m young soccer plavers.
MerHODS

Experimental Approach to the Problem

We examined the ability of a twece weekly, in-season, short-
term PT implemented with enher 24 or 48 hours of rest
between trainimy sesswoms as a substiute for same socoer
drills within :n:gul.l:r SOCDEr pu'.':.r_‘l."rL'E Lo i:'n].'u'u-.rve pllrg,f:i.r:.ll
pedformance compared with soccer practice only. Three
groups were formed from voung male soccer plavers; 1
group followed a twice weekly PT program with 24 hours of
rest between training sessions (FT24), a second proup
followed the same twice weekly PT program but with 448
hiours of rest between traming sessons (FT48), and a third
group followed ther reguler soccer practee {control gproap,
(0. Before and afier a f-week penod, all players executed
a battery of 8 tests related 1o explosve and endurance
pedormance. Ths was a randomzed controlled trmal. The
assigned  proups were determined by a chance proces

{a random number penerator on a computer) and eould
nert b predicted. Thas procedure was establshed scoonding
i the "CONSORT® statement, which cm be found at
hittpe Svewrw comsort-staterment.ong.

Subjects

Subjects were recruted from 2 different amateur soccer
ez with similar competitive schedule (1 gme per seek)
amd srmilar soccer drills (2 sesions per week) resultmg in
similar soccer-speciic weekly trainmg load (seskon rating of
perceved exertiom) for all groups in the study design. Soomer
players lfilled the following inchseon criterza: (2} o back-
groamad of more than 2 years systermate soomer trnnmg amd
competition expersence; (b)) contmpous soocer brmmng o
the past 6 moaths, (¢) no PT expedence i the past 6
momths, and {d) no background in regular strength traming
or competitive sports activity that mvolved any kind of
jurnpany training exercise during the treatment. Inigally, 159
subjects who Rlflled the melusion criteria were chosen to
participate in the study. To be included m the final analyses,
participants  were regquimed  to complete all the traming
sesspons amd attend all messurements sescons s a result
o these requurements, 23 subjects were removed from the
:I!u.d:r. Therefore, 166 male soccer ]J]J1_,"=|1 were mochuded in
the final analyses. The 166 subjects mutmlly measured were
drvided into 3 proups: a CG (N = 55) and 2 PT groups with
24 hours (PT24; N=54) or 48 hours (PT48; N = 57} aof rest
between tramning sessons. Mean values = S0 values for each
group’s characenstcs are provided in Table 1

Instrutional review boand approval for our study was
obtmned, and all subjects {and ther parents or puardians)
were carefully informed about the expenment procedures
amd about the posible ngk and benefits ssoociated with
participation m the study, and an appropeate sgmed
miormed consentfaseent document has been  obtained
pursuaml b bw before any af the tests were performed.
We comply with the human and anmmal expermmentation
policy statements gusdelmes of the Amenean Caollege of
Sport Medcine

Testing Procedures
Subjects Ellowed a Bmdisrzaton period before testing to
reduce any leaming effects. Stumdardeeed tests during a period
e 5 dhays were scheduled =48 hours afier a competiion or
barrd pliysical trainmmgr and were completed m the e order,
at the same time of the day, in the sime indoor venue, with
the same sport clothes, and by the same investigator before
and immedistely after the frweek intervention period. In addi-
mon, all partcpants (and their parents or guardians) swene
mestructed to have a pood mght's sleep (=9 hours) belore sxch
eesting day and 1o avoid drnking or eating ot beast 2-5 hours
before mesurements. All particpants were motivated 1o give
ther masdrmum effort durng perfommanee mesurements.

O day 1, plavers’ characterstios (age, hesght, weight, seli-
wgpesmed Tanner pubie hair and genntal stage, soccer expen-
ence, and soccer-specific weekly trainmg load) were
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asmsessed. On day 2, the squat jump (5]) and countermove-
meent jump (CM]) tests were pedformed. The thard day, the
2 (RE120) em drop jump reactive strength madex and broad
lomg jump (BLI test were assessed. The burth day, 20-m
sprint and runnmg W0 X 5-m sgplity test were conducted. On
the Gfih day, the 20-m multistage shutbe nom test (MST) and
the st-and-reach (SE) test were undertaken. A least 3 mi-
mutes of rest was albowed between each tnal to reduce the
effects of Etigue. While waiting, participants performed low-
intensity setivity to mamntam physiologeal resdiness for the
next test. The best score of 3 tmals was recorded for all
performance tests, apart from the single MST.

Swbpred Characteradies. Helghe was messured usng o wall-
mounted stadiometer (Butterlly, Shanghad, China) recorded
to the nearest 0.5 cm; body mas was messured w the
nesrest 01 kg using a digital scale (BC-554 Ironman Body
Composition Monitor; Tandta, IL, USA) and body mass
index was caleulsted (kg-m=%). Maturity was determined by
welasessment of Tanner stagre,

Fertial Jump Teste Testimgr included the execution of
emecimal 8], CM], and RSI20. All jumps were pedormed
on a mobie contact mat {Globus, Codogme, lealy) wath arms
akimba. Take-ofl and bndmg was stondardized 1o full knee
and ankle extension on the sme spor. The participants were
instructed to meeamise jump heyght and mmimeee ground
contact Hme durng the BSI20 afier dropping down [rom
a 20-em drogr box The RS0 was calculated as previously

reported (41).

Broad Long Juwgp Terd The BL] was used 1o asses masamal
Jump pedommance i the homeontal plan The test was
perfirmmed uamgr a Sm Gherplas metne tpe kid on a wooden
Bosor. Subjects were mstrscted to jump positicnmg (belind the
startmgr [me) therr feet shoulders wade apant and to perform
a st dowmward movement (approsamately 1207 knee angle)
instructed 1o bend ther knees afier landmg. Distanee was
measired rom the starting line 1o the pomt where the heels
of the subjects make eontct with the pround afier londmg,

Meter Sprrnt Test. The sprint tme was measured 1o
the nearest 001 second sy dngle beam infrared red
photoelectrie cells (Globus). The startmgr positon was
stamdardized to a sull spht standmg pogtion with the e
of the preferred foot foreard and behind the samg Bone
Sprmt sart was gven by a mandom sound that inpgrers
tming. The photoslectrie signal was positsoned ot 20 m and
et approxmmately 007 m oabove the loor {Le, hip level)
capture the trunk movement o avoad a flse ngger from
a hmb.

Ramrng 10 % 5o Apdiy Tt The test was eonducted as
preveously desenbed (17). Markers were set at 5-m distance.
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The exammee was asked o run rom one marker to another
10 times, with the Gstest possible resubt and direction
chamgne. The exammes had 10 pass the marked space with
both legs The resulis were m seconds, determined with
hand-held dhronometer.

Tivewty Meter Mulicctage Shuttle Rum Tt The MST was
conducted a5 previoudy described (1), Briefly, players ran
back and forth between 2 hnes, spaced 20 m apart, in Hme
with the *beep® sounds from a compact dise. Each successful
rum of the 20-m distance was a completion of a shuitle. The
beep sounded 5t a progresavely incressing pace with every-
minute of the test, and the athlete had o increase speed
aceordingdy. The asthlete was warned o he did not reach
the end lme m tme once. The e was terminated shen
the exammes {2) could not fllow the set pace of the beeps
for 2 suecessive shuttbes or (b)) stopped volunpanly, The
scores were expressed as the lest mmute that the athlete
completed (20).

Satmd-Reach Test For the SR owest, smilar instruments and
protocols were used s previously reported (23). Bredly,
a seale calibrated in centimeters was placed on the wop sur-
fuce of & SK boo The test was performed by having athletes
sittmgr on the Boor. The athbete’s feet were placed flat agamss
the S box, separated spproximately by 40 cm. Flayers then
slevwly resched forward toward therr toes, as Bir as possthle,
while keeping their knees, srms, and fogpers Rully extended,
with palms down and placng ther aght hasd over the lef,
with bong fogrers even, holding the pogbon of maxmmal
reach for 2 seconds. The precison of the mesurement
was 15 em.

Treatment

The study was completed in swtumn, durmg the mud-portion
of ther competition pernod. The CG did not perform the FT
but performed their usal soceer traming {lechmol-tsetieal
exercmes, smallsuded pames, simolbated competitive games,
and basie conditiondng exercises). The PT groups perlormed
plyametne drlls as o substitute for some soocer drlls within
the usual 120-minute practice twice per week for 6 weeks.
Thes tme frame or numbser of sessions are hagher (24346, the
same (24.34) or very similar (3.27) 10 those previously re-
ported o mdoce apmficont explosive adaprations in young
soccer players and youths (4. Plyometne volume was
increased by 1% per week Becouse players did not have
any history of formal plyometnes, before begmming the
traming perwsd they were matructed on how o properly
execute all the exercmses 0 be performed durng this period.
In wdditsom, all rraining sesgons were supervised, ond parte-
ular attentwm was paxd o demonstration and execution.
Plvometnic ranmy sessons were separsted with 24 hours
for FT24 and with 48 hours e PT48. All plyometne ses-
sicas lasted approsimately 30 minutes and were performed
qust afier the warm-up. Aside from the jormal trenng
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Tagie 1. Deseripbve data of the contrel group (CE), plyometne aning 24-hour
graup (FT24), and plyomelnic traning 48-kour group (FT48h).

hagh boxes. A detadled desenp-
tron o the frwesk traming pro-
gram s depcted i Table 2.

G@E {n=55) PT24 (n=54) PT48B (n =57

Statistical Analyses
All values were reported as

Age [yl 140 =23 142
Hesght (em) 1680 = 131 158
Body mass (kg) 2.1 =121 50.3
Body mass ndex (kg -m=3] 1883 = 2.0 188
Gienital Tanner stage 33 +£12 4.1
Fubic har Tanner stage ig =12 38
Socoer axperience () 53 £ 2.0 5.0
Sesmnn rating of percerved eeerion 432 + 275 463

I+ 1+ I

2.2 141 £ 2.2 memn * S Reative changes
:g':' ;f:f ::gg (%) in performanece and stan-
o9 200 + 29 dardized .Eﬂ'ur_‘l.': (5E) are ex-
1.1 9.9 + 1.2 |.|n:n-'_'u-|:l|3 with 3 e confidence
11 39 + 1.2 birmts. Mommabity and homesce-
18 5.4+ 2.4 dasticity  sssumptions  for all
229 451 = 308

data before and after interven-

intervention, all participants attended their regular physical
education dasses. PFT24 and PT48 completed the same
amount of total umps during intervention, used the wame
surface [(grass soccer-feld) and vme of the day (afiernoon)
for training, with the same rest intervals between umps and
series. Hall of the plyvometnc volume corresponds 1o cychic
and the other hall to acyele jumps. The combination of
multlateral, multidrectional, cvelie, and acyehical plyometnc
drills was based on previous sujgrestions (627 31). The ress
interval between series was of 120 seconds and between
acychc jumps was of approamately 15 seconds, @ previ-
ously recommended (300 The same 13 exercses were com-
pleted by both the groups. All exencisss were performed as
a CM] with arm swing (Le., stretch shortenmyy cycbe imnole-
ment). In additson, both groups completed 2 sets of 10 rep-
etitvons afl ||i.|g]:|—i.|1.'|.-u1:|.ril::|r bounce dr|.1|:| ju:r:].'l: fram 20-om

Tasie 2. Siv-weeak plyometne: traimng program.

tom wene checked, respectively,

with Slupire-Wilk and Levene

tests. To determine the effect of

miervention om  perfommance
whaptations, a 2-way varmnce amlyss with repeated measune-
ments (3 groups X 2 tmes) was applied. When a significent F
vitlue wans achieved aoross tme or betwesn groups, Shefle post
bt procedures were perfommed 1o bocate the pairese deffer-
ences between the means. The o level was set at p = 005 for
stataal spmbcanoe. In addaion o thes null hypothesis test-
myg, data woere alsn assessed for chmcal apmbeance wang an
approach based on the magriudes of change. Threshold val-
ues for assesomny mapmitudes of SE (chongres 05 2 fraction or
multiple of baseline S0 were 0020, 0060, 1.2, and 30 for small,
micnlerate, langre, and very lange, respectively (16).

ResvuLrs

Drespate not padr-matching indbdduals based on an mdepen-
dent varmble, there were no significant differences between
groups’ deseriptive data (Table 1).

Set ® repeblions

Exercases" Week 1 Weak 2 Weak 3 Week 4 Wesk 5 Wesk 5
Cyebe horeantal kefl leg 2X5 2 X6 27 2XEB 2B 210
Acychc honzontal left leg 22X 5 26 2 =7 2 KB 28 210
Cyebe horeanal nght beg 25 Z2x 6 22X 7 2B 2B 22X 10
Acychc honzontal nght leg 25 Z2x 6 22X 7 2B 2B 22X 10
Coyebe wartical ket beg 2M5 26 27 2XEB 2B 210
Acyche vestical left lag 2M5 i 27 2XEB 2B 2x10
Cyehe vartical right leg 2K5 ZXE 2x7 2 %8 Zxa 2 =10
Acychc vertical mght beg 25 Z2x 6 22X 7 2B 2B 22X 10
Cyebe bilateral vertical 25 Z2x 6 22X 7 2B 2B 22X 10
Acyche bilateral verbeal 2M5 26 27 2XEB 2B 210
Cyebe bilateral horizontal 2X5 2 X6 27 2XEB 2B 210
Acychc bilateral harnzental 22X 5 26 27 2 KB 28 210
Bounce drop jumps 20-cm 2 ¥ 10 2 x 10 22X 10 2 ¥ 10 2 » 10 22X 10

*Dienotes that the order of meemises secution was mndomized each braining session.
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Tame 3. Traning efects (with B0% confidence limats) for the perormance vanables for the contred group (GG, n=
55), plyometne trairang 24-how group (FT24: n = 54) and plysmetns traimng 48-hour grows (FT48R: a = 57).

Bassline mean =

Performance change Magnitude of tramning

ED ] afiet

Soual ump lem)

=] 18 =81 =11 (=21t =0.1] =005 {=0.1 to 0.0}

PT24 1.2 =841 4.4 (3618 5.2)" 0.22 {018 o 026

FTag 2B+ 70 38 (3.3 10 4.4)" 017 {015 to 0.20)
Counter movement jump {cm)

=] 331 = 6.4 =04 {=1.4 t 0.6} =0.02 {=0.07 to 0.03)

FT24 326 = 8.1 7.4 (6.3 10 B5)" 0.37 (031 to 042}y

FTag 343 = 6.0 8.0 (6.7 10 9.3)" 0.39 (033 Lo 045}
20-cm drop |ump reackve strength ndex

[rrm -mz=1)

CcaG 1.31 = Qa2 1.2 {=0.5 o 3.0) 0.03 {=0.01 to 0.08]

FT24 132 + 040 122 (102 o 14.2)" 0.34 (028 1o 030}

FTag 137 + 0038 12.0 (1000 o 14.0)" 0.39 (033 Lo 045}
Broad long ump best (sm)

cG 1843 £ 291 =01 (=08 ta 0.7) =0.01 {=0.08 to D.05)

FT24 1841 = J9.E 5.8 (3.4 10 7.9)" 0.33 (020 Lo 045

FTag 1882 += 300 5.3 (4.4 10 8.2)" 0.33 (028 Lo 030}
20-m sprint brme e {s)

caG 432 + QB 1.2 (0.7 1a 1.8) 010 {06 to 0.14)

FT24 437 + 046 =58 (=64 b =4.7]" =052 (=060 to =044}y

FTag 476 + 041 =51 (=57 o =4.4]"t =051 (=057 to —0udd}y
Rurmang 10 ® 5-m agility time fest ()

CiE 17.2 214 18 {11 1o 2.5)" 0.28 {018 to 0.3

FT24 174 = 1.0 =33 (=38 to —2.8)"5 —-0.63 {-0.72 to =053}

FT48 1723 =08 =27 (=32 to =2.3)"t —-0.57 {-0.67 to =047}t
20-m mullstage shutile run test (min]

CiE 85 =18 2.4 {1.2 io 3.6] 0.0 {005 to O.16)

FT24 8516 103 (8.8 ia 118" 0.49 {0.43 to 056

FT4a 8| = 1.7 100 (8.3 ia 11.7)° 0.49 {041 to 05EN
Sat-and-reach Nexbility fest (om)

G 410+ 48 =08 (=21 ta 0.5} =0.07 {=0.17 to 0.04)

FT24 403 = 48 5.7 {44 18 711" 0.44 {0.34 to 053}

FT4a 412 = 52 47 {3710 571 0.35 {0.28 to 0.2

*Dencies significant difierenos pre to posttraining g < 00001, Values in brackets represent 8% confidence lmits.

+%mall stancardized efoct

g}IITCITH agnificant difference wath the GG postiraining p = 0.06.
Dlmtllﬁriﬁuaﬂﬁ'ﬁlmuﬂhﬁlﬂﬂpﬂﬂhﬂilgp{ﬁ.m.

|Poderate standardized effeot.

Befire I:ra:'ni.nﬁ Nk :i.g'nlﬁ-l‘:.uﬂ differences were observed
between groups m 5], CM], RS20, BL], 20-m sprint time,
10 3 5-mn agnlity tme, MST, or SR oeest (Table 3)

No sigmicant change in the C0 was observed, exeept for
an inerense in 10 X 5-m agbity test tme (Lo reduced perfor-
n'm.l:ﬂ:lz]., with & small |:|:i|:u'r:.|1|].' =|g|:|f|r:.m'|. -|‘:|1.1.|1.gr {-l-ﬂ]‘ﬂ EE}.

The 2-way varmnce analbysis with repeated mesurements
(3 proups ¥ 2 tomes) showed that afier traming both plyo-
metrcally trmned groups demonstrated a stastically sgmal-
icant merease in 5], CM], RS20, BL], 20-m spring, 10 % 5-m
u.gill'l:]r test time, MST, and SR |:|-|=r.|'r.|r.rr|:a.|:r|:|=, with no deffer-
ences between proups. Abo, the magniudes of change anmal-
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VEES showed that the PT24 and PT48 gFroups achieve
a simdlar small o moderate cineally ggndficant change in
5] (+0L17; +0.22 SE), CM] {+0.37; +0.39 SE), RS20 (+0.34;
+0.39 SE), BLJ (+0.33 SE), 20-m sprint (=0.51; =052 5E),
10 % 5-m agility test (=0.57: =063 SE), M5T (+0.49 5E),
and SR I:-H]'J-.'i-; +i44 EE] ]Jerfun'n'.n'hcr, rls_per_‘l:i'.rd]r.

IDnscussion

This study sugpests that & weeks of PT, with either 24 or 48
hiours of rest between sesgons, indweed sgmificant and small-
to-musderate stmilar improvements in 5], CMJ, RSI20, BL],
20-m sprmt time, I = 5-m agility tme, MST, and 5B test
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performances m young male soceer players. Also, these re-
sults show that the combination of soocer dnlls and specifc
explosive strength troning with oo additenal tronimg Gme
wesemon 15 o4 mesnmgdul stmolus o enhance explosive
strenpth and endurance adaptations in young male soccer
payers

Althougdh it has been recommended tha |‘.'||.:|.'r.'r|'r|='l.r|.|: drills
should oot be conducted on consecutive days m youths
(TAT), and although some interventons m young soccer
]Jh}'ml.l.wd.:'-n]m:rur: (A% or 48 hours (27) of rea
between PT sessions w allow for adequate recovery, sujgrest-
ang that these me Fames of rest would be necessiry 1o
mduce adequete trming stimulation in thas population of
voung athletes, the study shows that PT apphed twece
weekly in consecutive or nonconsecutive days results 1n sim-
ilar explosve and endurance sdaptations m young male soc-
cer players. It may be argued that the FT appled represented
a bow training load, therefore, a relatively shont period of
recovery (e, <24 hours) between traming sessions to
achieve performanee adaptatems was sulficent. However,
during the first week of raming players completed 140
Jumps each sessson, moeluding 1 legred jumps and BILY,
which can be consxdered high-mtensity exercises (asxde from
the maximal volumtary intensty required to complete all
Jumgs). In addmion, esch raining week plyometnie volurme
was mereased by 208, and duning the sxbh week of troinmg
athletes completed 260 jumps dunng each trnning ssson,
a volume amikar (7)) or even hagher (28 34) m companson o
the one wed effectively m previous studies with young soc-
cer players. Therefore, several possible mechanizms can be
postulbated to understand how this relstively short rest peniod
berween PT sessions allows spmbicent explosive and endur-
ance performance adaptations in the short term when FT
was applied teice weekly in voung male soccer plavers.
Some of these are reduced suseeptibility io muscle damage
(compared with adubs) and pedormance alterations, and
higher abibity to recover afier FT (25); reduced propostion
af fst twitch fibers (22); reduced relative power generation
capacity related o maturation-dependent meuromotor Be-
tors {11); reduced body mass (38); greater muscle compli-
ance (allowmg rapad bone prowth) (8); greater naturally
anabolic-oeourning processes (2); and adapistions achdesed
during tranmg such as enduranee capacity amd, henee, an
amproved ability to recover from hgh-miensary exercise (35).
Future studies must be conducted 1o elucidste the anderly-
ing mechanism that allows young soccer players 1o obtain
sgmuficant performance adaptations with consecutve days of
PT. Interestmgly, it has been suggested that muscle function
(e, ump shlity, sprmt pedformuance) 15 probably the best
indecator of muscle recovery afier intense exercise, espaeczally
an athletes (B); hence, future studses in youny soceer plavers
may consider the evalustion of musce unction perdommance
after PT sesspoms with different rest tmes between them o
better understand the recuperation procss in ths popula-
Hon segrment.

The PT2 and PT4E sipnificantly increased jumping
performance (5], CM], BS120, and BO), with no difference
between proups. Simbar results have been reported in
previous studses fr S (7], CM] (2T, RSI 27}, and horeontal
qump performance (7) after FT intervention m young soocer
players. The significant improvement m jump performance
m 5], CM], RS20, and BD vest condfirms the effectiveness of
the applcation of a PT stimobis in achdeving  explosive
strengih sdaptations, whech may improve players” perfor-
mandce. The improvement observed could have been
el uced |'.l]," varions  neunomiscakar ﬂ:lpl'.l'l:ium. such as
mireased neural dove o the apomist muuscles, mproved m-
termmmcular eoondmation, changes in the muscle-tendon
mechamclh-stifness: dharsctenstcs, changes o muscle size
or architecture, and changes m angle-fiber mechanses (26);
but because no physologeeal measurements were made, only
speculations are possible.

A spmificant and smilar decresse in 20-m spring time in the
PFT24 and PT48 sugpested that FT may be a meaningful
st dunmng the competitve period for the acesleration
ahdity of young soccer pliyers. These resulis sgree with those
previously reported 27). The horeontal nature of the FT
stimuhis in these studees may help to explun the increased
aoceleration sprmt performance (31 In addivion, the PT24
and PT48 sigmificomily redvuced ther tme o complete the
runninge 10 = 5-m agility test, with no diferences between
groups. Previous studses in eady and pubescent snccer plavers
have reported reduced ajpliy west tmes of =3.4% (6) and
=31% (18], sandar to the result of this sudy (=27 w
=33%). It must be ackoowledged that subjects Fom the
PT24 and PT48 completed a trainmgr program with several
phyometne exercioes desgmed 1o induce short contact Hmes;
and a redweton in contact time with FT (29) may ineresse
R.'E-Lwlm:h:ru;.rp-ﬁhu the abibty o change directions whie
running (41}, Contrary to the positive explosive adaptations
observed in the FT24 and FT48, the CG exhabited a sypmbeant
mecrese m therr 10 % 54 agibity test tme. These olservatons
reinfiree the value of an independent power-trmmang progrum
i enhance explsne sctons of young socer players.

Tor the authors’ knowledpe, o unique finding of this sudy
wits b report that a shostterm FT program, implemented o
a substiute e some soccer drlls withm repular m-sesson
soccer practice, symificantly enhances flexihility in young
e phjmmdﬂﬁ:inqnum“tshnihrinm‘i
amd FT48 groups. Similarly, previous results showr that young
peaple also merease Aexibility after FT (100, Plyometnc tran-
myg has been advocated as a preventive inury strategy or
vourg athletes (21), and o5 musde Aexibility is a risk Betor
for developing muscle imjuries m mabe soccer players (39),
these results may heve important relevance. The increased
fexibility may be explamed by a possble reduction of ihe
stffnes ol the musde-tendom complex and similar chamgres
m the ehstic behavior of adpeent jomt subcomponents (26).

The PT24 and PT48 groups exhibited a spnificant
mirease 0 endurimee perfoemance (Le, MST), with no
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differences  between groups. Ther relative increas: in
endurance performanee was 4 tones greater than thay af
the CG. The postive effects of PT on endurance perfor-
mEnce in voung soccer players have been  previoudy
reported (40}, However, explosive traming in yvoung soocer
plavers did not mduce improvement in Vogmax (28) or ke
tate threshaolds (14); therefore, the mmprovement in the MST
mary be related o neuromuscular power mproverment useful
o change of direction endurmee test (3} or running econ-
omy sdaptations (40). More studies muost be conducted 1o
clanfy how PT influences endursmee performance related 1o
young soccer players.

In conclusion, FT24 and PT48 groups achieved sinilar
small-e-moderate  significant improvements 1o explosive
and endurance performance afier traming. Therefore, when
2 PT sessions are performed per week, 24 or 48 hours of rest
between these i adequate to induce signifcint explosve and
endurance adaptations in young male swecer players.
Pracmican APPLICATIONS
From a practscal pomt af view, it muost be conssdered that the
PT appled induced explogve and endurance adaprations,
which may have high transference mnto gme-play perfor-
mance. Thus, a twice weekly short-term hagh-mtensty FT
preggrany, implermented as a substmte for some soceer dnlls
explosive and endurance performuance m young soccer
players compared with soccer trainmpg alone, and these
improvements can be achieved using 24 or 48 hours of rest
between PT sessions. Conssdermyg that some voung soccer
bﬁ:mﬂiiﬂlu]ehmhgm“mmmmzdﬂﬁrhz
current indmgs may be relevant o programmmg FT in thas
comibext.

Although comncern has been expressed by some research-
ers with regard to the mjury nsk during FT, to the best of the
author's knowledpe, when adequate controllied FT mierven-
ton had been apphied. no imponant inunies had been re-
ported. In fct, FT had been advocsted as a preventive inpury
strategy (21) and even as a rehabibitatson ool. It is mmportamt
to meotice that m this mvestigation, o imjures were repaorted.
Maore so, subjects reported bitle subjective muscle paan afier
the traning sessons (data not shown). However, it s sull
unknown ff consecutive days of FT may have a grester nsk
of injury oocurrence over the course of 2 season in compar-
iwon o o peroshized plin with greater between-days rest
intervals, and precution must be taken before implementimg
such regrime wath a long-term approach.

Abso, it rast be eomadered that although the resules af the
study demonstrated an inerease in explosive and enduramce
ability after PT, it 15 recommended that this trmning methaod
should be adegquately moorporated in a comprehensive
traning program that develops the specific technieal abdines
that are critical to achieve adegquate performance (especmlby
at young ages), and with an adequate serobic conditionmg
priggram to aptimize traming adaptations
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INSTRUMENTOS

Test de Salto VERTICAL

PROTOCOLO DE LA PRUEBA

El atleta caliente durante 10 minutos.

El atleta debe untarse en las yemas de sus dedos |a tiza.

Ubicamos un asistente para que este atento de los datos recolectados y al debido gesto técnico
del test.

El atleta se ubica en el espacio asignado lateral a la pared, manteniendo los pies restantes en el
suelo, llega hasta lo mas alto posible con una mano y marca la pared con la punta de los dedos
(Esta serd Ha)

El atleta desde una posicion comoda realiza una flexion de piernas de 90° tomando un impulso;
y salta tan alto como sea posible marcando la pared con la tiza en los dedos (Esta sera
Hb)mientras se este e esta posicion preparaciones previas de salto es registro Unico.

Las medidas auxiliares y registra la distancia entre Hay Hb

El atleta repite |la prueba 3 veces y elije la mejor altura para calcular; hay descanso de 30” entre
cada intento realizado con el fin de darle al atleta una debida preparacion fisica, fisiologica y
psicoldgica al siguiente salto.

El asistente calcula el promedio de las distancias registradas y utiliza este valor para evaluar
el rendimiento del deportista.
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Test de Salto HORIZONTAL

Fuerza explosiva: salto horizontal con los pies juntos.

Esta prueba trata de medir la fuerza explosiva del tren inferior.

Una vez hechos los estiramientos y el calentamiento previo para hacer la prueba fisica,
nos colocamos detras de la linea de salto y en direccién a la que debemos saltar. Los
pies podran estar ligeramente separados. Una vez te hagan el sefial para saltar, flexionas
el tronco y las piernas. También es aconsejable balancear los brazos para posteriormente
realizar un movimiento explosivo de salto hacia delante. La caida debe ser equilibrada, no
se permite ningln apoyo posterior con los brazos.

La longitud saltada se medira en centimetros, desde la linea de salto hasta la parte

inferior del dltimo pie, es decir, hasta el pie mas retrasado a la caida.
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Test de Sprint 10m, 20m, 30m, 40m

El test de sprint mide tu velocidad y rapidez de movimiento en una determinada
distancia predefinida, normalmente 20 metros o 40 metros.

Como hacer un test de sprint

Para hacer un test de sprints necesitaras una persona
que te cronometre y un espacio delimitado (20 0 40
metros segun el fipo de sprint que vayas a hacer).
Cuando la persona que cronometra te lo indique,
recorre |a distancia marcada lo mas rapido posible.
Cuando termines el sprint, anota los resultados en la

calculadora para averiguar tu forma fisica.

Como interpretar los resultados del sprint
La calculadora te proporciona 3 resultados, en funcién de los datos introducidos:

* Media: Tiempo medio que suelen hacer las personas de tu mismo sexo y
edad

* Puntuacion: tu nota, segn tus capacidades en comparacion con |a gente de
tu mismo sexo y edad (sobre 100)

* Valoracion: |a evaluacion de tu forma fisica (mala, pobre, en la media, buena
0 excelente).
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