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Abstract

The particular features of football, in which high intensi-
ty actions such as jumps and changes of direction can be de-
cisive factors in achieving sports success, mean that includ-
ing strength training in football training plans is essential. A
specific strength training method needs to be chosen based
on the variables to be influenced and the time in the sea-
son. Consequently knowledge of the effects of each method
is crucial for the success of training with respect to physical
and sports performance and also in terms of preventing inju-
ries. The purpose of this paper is to conduct a systematic re-
view which determines the effects of strength training meth-
ods used in football and their impact on the specific physical
condition of players.

Keywords: football, strength training, eccentric overload,
complex contrast

Resumen

Debido a las caracteristicas especificas del ftbol, donde las
acciones de alta intensidad como saltos y cambios de direccion
pueden llegar a ser factores determinantes para conseguir el
éxito deportivo, incluir el entrenamiento de fuerza en las plani-
ficaciones de entrenamiento en fiitbol se hace imprescindible.
En funcién de las variables sobre las que se quiera incidir y del
momento de la temporada, se deberd elegir un método de entre-
namiento de la fuerza concreto, por lo que el conocimiento de
los efectos de cada uno de ellos parece fundamental para el éxi-
to del entrenamiento, no solo en lo que se refiere al rendimiento
fisicodeportivo sino también en relaciéon con la prevencion de
lesiones. El objetivo de este trabajo ha sido realizar una revi-
sion sistematica que determine las caracteristicas de métodos de
entrenamiento de la fuerza empleados en futbol y sus efectos
sobre la condicién fisica especifica del jugador.

Palabras clave: fiitbol, entrenamiento de fuerza, sobrecar-
ga excéntrica, contrastes

Introduction

Sports scientists have examined the physical
and physiological requirements of modern football
and have shown that it is an intermittent sport (Di
Salvo et al., 2007) characterized by the random
repetition of high intensity actions (Bradley et al.,
2009) such as jumping, acceleration, changes of di-
rection and sprints (Bradley, Di Mascio, Peart, Ol-
sen, & Sheldon, 2010). Although the game’s inter-
mittent character entails mixed metabolic demands
(Bangsbo, Mohr, & Krustrup, 2006), its decisive
actions depend on anaerobic energy systems (Sto-
len, Chamari, Castagna, & Wisloff, 2005). The
relevance of anaerobic effort justifies its inclusion

Introduccion

Los cientificos del deporte han examinado los reque-
rimientos fisicos y fisioldgicos del flitbol moderno y han
demostrado que se trata de un deporte intermitente (Di
Salvo et al., 2007), caracterizado por la aleatoria re-
peticién de acciones de alta intensidad (Bradley et al.,
2009), tales como saltos, aceleraciones, cambios de di-
reccion y esprints (Bradley, Di Mascio, Peart, Olsen,
& Sheldon, 2010). Aunque el caricter intermitente del
juego supone una implicacién metabdlica mixta (Bangs-
bo, Mohr, & Krustrup, 2006), las acciones decisivas
de este dependen de los sistemas energéticos anaerdbi-
cos (Stolen, Chamari, Castagna, & Wisloff, 2005). La
relevancia de la via anaerobica justifica su inclusion en
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in footballers’ training programs (Hoff & Helger-
ud, 2004) and it should take the form of strength
work since there is a close relationship between
sprints, vertical jumps and changes of direction
and levels of strength, power and rate of force de-
velopment (Swinton, Lloyd, Keogh, Agouris, &
Stewart, 2014).

A number of strength training methods have been
used to improve performance in football (Cronin &
Hansen, 2005; Young, 2006). These strategies can
be classified by the training methods they bring into
play: traditional exercises (Kotzamanidis, Chatzo-
poulos, Michailidis, Papaiakovou, & Patikas, 2005;
Ronnestad, Nymark, & Raastad, 2011) such as squats
and deadlift, which are associated with a deceleration
of the load towards the end of the range of motion
(Newton, Kraemer, & Hikkinen, 1996); ballistic ex-
ercises (Loturco, Ugrinowitsch, Tricoli, Pivetti, &
Roschel, 2013; Loturco et al., 2015), in which the
body displacement occurs due to the execution of the
movement at the highest possible speed (Cormie, Mc-
Guigan & Newton, 2011); Olympic exercises (Hoff-
man, Cooper, Wendell, & Kang, 2004) such as the
clean and jerk, the snatch and their variations, in
which the athlete has to accelerate the bar through-
out the propulsive phase of the movement (Schilling
et al., 2002 ); plyometric exercises (Brito, Vascon-
cellos, Oliveira, Krustrup, & Rebelo, 2014; Chelly
et al., 2009), which are ballistic and generally per-
formed without external resistance or with very lit-
tle resistance (Wathen, 1993); eccentric overload ex-
ercises (De Hoyo, Pozzo et al., 2015; Tous-Fajardo,
Gonzalo-Skok, Arjol-Serrano, & Tesch, 2016), in
which the eccentric phase of the movement increases
to accentuate the effects of this type of muscle con-
traction (De Hoyo, Pozzo et al., 2015); and the com-
bination of some of them in complex contrast training
(Buchheit, Mendez-Villanueva, Delhomel, Brughelli,
& Ahmaidi, 2010; Chelly et al., 2010).

The purpose of this paper is to conduct a system-
atic review which determines the effects of strength
training methods used in football and their impact on
the specific physical condition of players.

Methods

In order to review the scientific evidence on
strength training methods used in football, a sys-
tematic review of the available literature was

las programaciones de entrenamiento de los futbolistas
(Hoff & Helgerud, 2004), presencia que debe materia-
lizarse a través de trabajos de fuerza, ya que existe una
gran relacion entre esprint, salto vertical y cambio de
direccion con los niveles de fuerza, potencia y ratio de
produccion de fuerza (Swinton, Lloyd, Keogh, Agouris,
& Stewart, 2014).

Diferentes métodos de entrenamiento de fuerza han
sido utilizados para la mejora del rendimiento en el fut-
bol (Cronin & Hansen, 2005; Young, 2006). Estas es-
trategias pueden ser clasificadas segiun los medios de
entrenamiento que se emplean: ejercicios tradicionales
(Kotzamanidis, Chatzopoulos, Michailidis, Papaiako-
vou, & Patikas, 2005; Ronnestad, Nymark & Raastad,
2011) como la sentadilla y el peso muerto, los cuales
estan asociados con una desaceleracion de la carga hacia
el final del rango de movimiento (Newton, Kraemer, &
Hékkinen, 1996); ejercicios balisticos (Loturco, Ugri-
nowitsch, Tricoli, Pivetti, & Roschel, 2013; Loturco
et al., 2015), en los que tiene lugar el desplazamiento
del propio cuerpo debido a la ejecucion del movimiento
a la maxima velocidad posible (Cormie, McGuigan &
Newton, 2011); ejercicios olimpicos (Hoffman, Cooper,
Wendell, & Kang, 2004) como la cargada, la arrancada
y sus variaciones, en los que el deportista debe acelerar
la barra a lo largo de toda la fase propulsiva del mo-
vimiento (Schilling et al., 2002).; ejercicios pliométri-
cos (Brito, Vasconcellos, Oliveira, Krustrup, & Rebelo,
2014; Chelly et al., 2009), de naturaleza balistica y rea-
lizados generalmente sin resistencia externa o con una
resistencia muy pequefia (Wathen, 1993); ejercicios con
sobrecarga excéntrica (De Hoyo, Pozzo et al., 2015;
Tous-Fajardo, Gonzalo-Skok, Arjol-Serrano, & Tesch,
2016) en los que la fase excéntrica del movimiento se
incrementa para acentuar los efectos de este régimen de
contraccion (De Hoyo, Pozzo et al., 2015), y la com-
binacién de algunos de ellos en el método de contrastes
(Buchheit, Mendez-Villanueva, Delhomel, Brughelli, &
Ahmaidi, 2010; Chelly et al., 2010).

El objetivo de este trabajo ha sido realizar una revi-
sion sistematica que determine los efectos de los méto-
dos de entrenamiento de la fuerza empleados en fitbol
sobre la condicién fisica especifica del jugador.

Meétodos

Con el objetivo de poder realizar una revisién de la
evidencia cientifica sobre los métodos de entrenamiento
de la fuerza aplicados en el ambito del fiitbol, se realiz6
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conducted following the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Me-
ta-analyses) guidelines (Urrdtia & Bonfill, 2010).
One reviewer examined the literature from 1 Jan-
uary 2000 to 30 June 2016 in the ScienceDirect,
Sportdiscus and Pubmed electronic knowledge da-
tabases using the keywords “strength training soc-
cer”. The inclusion criteria for these articles were:
1. using football players as a participant sample;
2. applying an intervention program evaluated by
a pre-post test, and 3. having been published in an
international impact factor journal. There were two
exclusion criteria: 1. including women in the par-
ticipant sample, and 2. having participants aged 10
or under.

Results

A total of 4209 results met the search strate-
gy subsequent to applying the time filter described
above. After reading the titles and abstracts, 3,999
articles were eliminated. The full texts of the re-
maining 210 were read and 176 of them were elim-
inated based on the inclusion and exclusion criteria
selected for this paper, leaving 34 articles at the
end of the selection process. The selected papers
were read and examined in depth to carry out this
systematic review. To organize the contents, the
studies were grouped by the training methods used
(traditional exercises, ballistic, Olympic, plyo-
metrics, eccentric overload and complex contrast
training).

Discussion

The purpose of this paper is to conduct a system-
atic review which determines the effects of strength
training methods used in football and their impact on
the specific physical condition of players.

Traditional Exercises

Strength training with traditional exercises in-
creases the maximum strength levels (one-repetition
maximum, 1RM) of the lower body in football play-
ers (Brito et al., 2014, Ronnestad, Kvamme, Sunde
& Raastad, 2008, Ronnestad et al., 2011). In rela-
tion to power, this type of approach has improved
vertical jump capacity measured by squat jump and

una revision sistematica de la literatura disponible, llevada
a cabo de acuerdo con las directrices de la guia PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-analyses) (Urrdtia & Bonfill, 2010). Un revisor
realizd el andlisis de la literatura desde el 1 de enero de
2000 hasta el 30 de junio de 2016, en las bases de datos
electrénicas de conocimiento ScienceDirect, Sportdiscus
y Pubmed, utilizando la palabra clave “strength training
soccer”. Los criterios de inclusion para estos articulos
fueron: 1. Utilizar futbolistas como muestra participante;
2. Aplicar un programa de intervencion evaluado a través
de una prueba pre-post test, y 3. Haberse publicado en re-
vista internacional de impacto. Los criterios de exclusion
fueron dos: 1. Incluir mujeres en la muestra participante,
y 2. Contar con participantes con menos de 10 afios de
edad.

Resultados

Un total de 4209 resultados respondieron a la estrate-
gia de busqueda, una vez que se aplicd el filtro temporal
anteriormente descrito. Tras la lectura de los titulos y
resimenes se eliminaron 3999 articulos. Los 210 restan-
tes se leyeron a texto completo y 176 de ellos fueron eli-
minados en base a los criterios de inclusién y exclusion
seleccionados para este trabajo, quedando 34 articulos
al finalizar el proceso de seleccion. Los trabajos esco-
gidos fueron leidos y analizados en profundidad para
realizar la presente revision sistematica. Para organizar
los contenidos, los estudios se agruparon de acuerdo con
los métodos de entrenamiento utilizados (ejercicios tra-
dicionales, balisticos, olimpicos, pliometria, sobrecarga
excéntrica y contrastes).

Discusion

El objetivo del trabajo ha sido realizar una revisién
sistematica que determine los efectos de los métodos de
entrenamiento de la fuerza empleados en fatbol sobre la
condicion fisica especifica del jugador.

Ejercicios tradicionales

El entrenamiento de fuerza con ejercicios tradiciona-
les aumenta los niveles de fuerza mixima (1 repeticion
maxima, 1RM) del tren inferior en futbolistas (Brito
et al., 2014; Ronnestad, Kvamme, Sunde & Raastad,
2008; Ronnestad et al., 2011). En relacién con la poten-
cia, este tipo de propuestas han mejorado la capacidad
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countermovement jump tests (Chelly et al., 2009;
De Hoyo et al., 2016; Loturco et al., 2015 ) as well
as acceleration and maximum velocity (De Hoyo,
Pozzo et al., 2015; De Hoyo et al., 2016; Ronnes-
tad et al., 2011).

The load used in training programmes that em-
ploy traditional exercises varies significantly. While
some papers have used light loads (40-60% of
1RM) (De Hoyo et al., 2016), others included max-
imum loads (90% of 1RM) as a training stimulus
(Bogdanis et al., 2011). There are also approaches
that combine the previous two by way of progres-
sion (Kotzamanidis et al., 2005). Other papers ob-
tained improvements in vertical jump capacity and
sprint time using the load for optimum power (De
Hoyo, Safiudo et al., 2015).

Ballistic Exercises

The intensities used to perform ballistic exer-
cises vary from no-load exercises to 80% 1RM
resistance. These loads have been applied in a
sustained (Loturco et al., 2015) or progressive
(Loturco et al., 2013) way as part of the train-
ing program. Thus the application over 4 weeks
(6 series of 4-8 reps) of a load corresponding to
optimum power mobilized in 6 series of 4-8 reps
produced significant 4.9% improvements in 5-m
acceleration capacity (Loturco et al., 2015). In
addition, an ascending progressive load stimulus
(30%-45%-60%) brought about greater improve-
ments in 10-m sprint time and vertical jump ca-
pacity in comparison with a descending stimulus
(60%-45%-30%).

Olympic Exercises

Here force is exerted at high speed and with max-
imum loads (Cormie et al., 2011). It has been found
that loads equivalent to 75-80% 1RM produce a large
increase in power (Kawamori, Crum & Blumert,
2005). Despite these benefits, only the study by Hoff-
man et al. (2004) has been used with footballers. Ac-
cording to the authors, the application of a strength
program with Olympic exercises for 15 weeks
achieved an 18% improvement in maximum strength
(1RM) in half squats (HS).

de salto vertical, medida a través de test squat jump y
countermovement jump (Chelly et al., 2009; De Hoyo et
al., 2016; Loturco et al., 2015), asi como la capacidad
de aceleracion y velocidad maxima (De Hoyo, Pozzo
et al., 2015; De Hoyo et al., 2016; Ronnestad et al.,
2011).

La carga empleada en los programas de entrena-
miento que utilizan ejercicios tradicionales varia de
forma significativa. Mientras algunos trabajos han em-
pleado cargas ligeras (40-60% de 1RM) (De Hoyo et
al., 2016), otros incluyeron como estimulo de entrena-
miento cargas maximas (90% de 1RM) (Bogdanis et al.,
2011). También existen propuestas que rednen a las dos
anteriores a modo de progresiéon (Kotzamanidis et al.,
2005). Otros trabajos obtuvieron mejoras en la capaci-
dad de salto vertical y el tiempo de esprint empleando
como carga aquella que se corresponde con la potencia
optima (De Hoyo, Safiudo et al., 2015).

Ejercicios balisticos

Las intensidades empleadas para realizar los ejerci-
cios balisticos varia desde los ejercicios sin carga hasta
el empleo de resistencia del 80% 1RM. Estas cargas se
han aplicado de forma mantenida (Loturco et al., 2015)
o progresiva (Loturco et al., 2013) dentro del programa
de entrenamiento. En este sentido, la aplicacién durante
4 semanas (6 series de 4-8 reps.) de una carga corres-
pondiente a la potencia 6ptima, movilizada en 6 series
de 4-8 reps., produjo mejoras significativas del 4.9% en
la capacidad de aceleracion 5-m (Loturco et al., 2015).
Por otra parte, un estimulo de carga progresiva ascen-
dente (30%-45%-60%) en comparacién con otro des-
cendente (60%-45%-30%) conllevd mayores mejoras
en el tiempo de esprint 10-m y en la capacidad de salto
vertical.

Ejercicios olimpicos

En esta ocasion la fuerza se ejerce a alta velocidad y
con cargas de caracter maximo (Cormie et al., 2011). Se
ha comprobado que cargas equivalentes al 75-80% 1RM
producen un gran incremento de la potencia (Kawamo-
ri, Crum & Blumert, 2005). A pesar de estos beneficios
unicamente el estudio de Hoffman et al. (2004) ha sido
empleado con futbolistas. Segtn los autores, la aplica-
cioén de un programa de fuerza con ejercicios olimpicos
durante 15 semanas, consiguié la mejora del 18% en la
fuerza maxima (1RM) en media sentadilla (HS).
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yo-yo2 test.

Study Population Time Length Intervention Effects
Hoffman et al. n =10 Transition 15 weeks Traditional strength 112.8%
(2004) American period 4 days per exercises (25) 1RM squat
university and preseason week 3-5 series (p<0.005)
footballers 4-8 RM
(18.9+1.4 years)
Kotzamanidis n=11 Not specified 13 weeks BHS 18.6% 1RM BHS
et al. (2005) Greek footballers 2 days per Single legbench stepup ~ 717.5% 1RM bench
does not specify level week Hamstring curl step up
(17.1+1.1 years) 4x8-3 RM 3 min. 118% 1RM bench step up
recov. (p<0.001)
Christou et al. n=9 Season 16 weeks Traditional strength 159.48% 1RM leg press;
(2006) Greek footballers 2 days per exercises (10) 140.5% 1RM bench
does not specify level week 2-3 series press; 12,6%
(13.8+0.4 years) 8-15 repetitions 10 m; 1 5,4% 10x5 m;
55-80% 1RM 168.3% SJ; 130.1%
2-3 min. recovery CMJ (p<0,005)
Ronnestad et n==6 Preseason 7 weeks HS 125.9% 1RM HS; 13.6%
al. (2008) Norwegian professional 2 days per 3-5 series 4BT: 19.9% PP
footballers week 4-8 RM 20 kg; T11.1% PP
(22+2.5 years) 50 kg (p=<0.05)
Chelly et al. n=11 Season 8 weeks BHS 125% 1RM
(2009) youth 2 days per 1 series 7-2 reps. 17.2% PP
footballers week 70%-90% 1RM 123% FSS
(17.3+0.5 years) 17.1% Vi5 m
1 12% Vmax
14.7% 5)
110% SJ (p<0.005)
Bogdanis n=9 Preseason 6 weeks HS 15.4% total RSA
etal. (2011) Greek professional 3 days per 4 series 5 reps. 110.9% RC
footballers week 90% 1 RM 14.9% VO,max
(22.9+1.1 years) 3 min. recov. series T 7% MAV
129.4% YYIE2
110% DTT
(p<0.005)
n=9 Preseason 6 weeks HS 14.5% total RSA
Greek professional 3 days per 4 series 12 reps. 16.2% RC
footballers week 70% 1 RM 16.2% VO,max
(22.9+1.1 years) 1 min 30 s recov. 121.4% YYIE2
series 19.6% DTT
(p<0.005)

T: improvement; 5J: 5-jump test; BHS: back half squat; CMJ: countermovement jump; DTT: Holff test; FSS: first step speed; HS: half squat; MAV: maxi-
mum aerobic velocity; MVIC: maximum voluntary isometric contraction; N: Newton; PP: peak power; RC: running economy; RM: repetition maximum;
RSA: repeat sprint ability; SJ: squat jump; Vf5 m: first 5 metres velocity; Vmax: maximum running velocity; VO,max: maximal oxygen uptake; YYIE2:

PN

Table 1. Adaptations of strength training with traditional exercises

in footballers
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yo-yo2 test.

Study Population Time Length Intervention Effects
Ronnestad n=14 Preseason and 10 weeks HS 119% 1RM HST 3.3%
etal. (2011) Norwegian professional season 2 days per 3 series SJ; 11.8% 40 m
footballers week 10-4 RM (p<0.005)
(24+3 years)
n=7 Leg press, HS, 8%
- 8 weeks knee extension )
Zisis et al. Greek amateur foot- : . in the Jump
Not specified 2 days per 3 series 10 reps.
(2013) ballers ) and Reach test
week 80% 1RM 3 min
(16.7+1.1 years) (p<0.05)
recov.
g Improvements in
= 0,
: it : : 9 weeks (OIS 85./0) 1RM squat, plan-
Brito et al. Portuguese university Calf extension )
Season 2 days per tar flexion and knee
(2014) footballers (6 reps 90%) ;
week . extension, and 20 m
(20.3+0.9 years) Leg extension (p<0.005)
(6 reps 80%) p=<0-.
n=17 6 weeks S:jjléiigd Tvelocity: 5 m 5.4%;
Style et al. elite footballers, does Season 2 davs per 3-45x3-5r 85-90% 10 m 2.7%; 20 m 1.3%;
(2015) not specify country ys p o 1 1RM BHS 19.1%
(18.3+1.2 years) week 1 RM (p<0.001)
T NH 3sx3-6 reps. ’
HS
Loturco et al. n= .j.'l ) TS 6 series 4-8 reps. 15.83% SJ
Brazilian elite footballers Preseason 2-3 days per .
(2015a) optimal power (p<0.005)
(24.1£5.2 years) week )
load; 2 min. recov.
10.17+0.27s 10 m
(p=0.05)
HS 10.04+0.125 20 m
De Hoyo et al e B 5-7 series (p=0.04)
(2015b) Spanish elite footballers Not specified 3 days per 8 repatitions 14.92+2.58 cm CMJ
(23+3 years) week )
optimal power load (p=0.001)
162.8+79.71N MVIC
(p=0.05)
16.3% CMJ
n=11 Full-back squat (very probable)
: . 8 weeks )
De Hoyo Spanish elite youth Season 2 davs per 2-3 series 11.25% 10-20 m
et al. (2016) footballers weelil P 4-8 repetitions (very probable)
(18+1 years) 40-60% 1RM 12% 0-50 m

(very probable)

T: improvement; 5J: 5-jump test; BHS: back half squat; CMJ: countermovement jump; DTT: Holff test; FSS: first step speed; HS: half squat; MAV: maxi-
mum aerobic velocity; MVIC: maximum voluntary isometric contraction; N: Newton; PP: peak power; RC: running economy; RM: repetition maximum;
RSA: repeat sprint ability; SJ: squat jump; Vf5 m: first 5 metres velocity; Vmax: maximum running velocity; VO,max: maximal oxygen uptake; YYIE2:

S

Table 1. (Continuation). Adaptations of strength training with

traditional exercises in footballers

Apunts. Educacion Fisica y Deportes. 2018, n.? 132. 2.2 trimestre (abril-junio), pp. 72-93. ISSN-1577-4015

77



PREPARACION FiSICA | PHYSICAL PREPARATION I

Raya, J., Sanchez, J.

(22.9+1.1 anos)

1 min 30 s recup.
series

Estudio Poblacion Momento Duracion Intervencion Efectos

Hoffman et al. n =10 Periodo 15 semanas Ejercicios tradicionales ~ 112.8%

(2004) futbolistas transitorio 4 dias semana de fuerza (25) 1RM Squat
estadounidenses y pretemporada 3-5 series (p<0.005)
universitarios 4-8 RM
(18.9+1.4 anos)

Kotzamanidis n=11 No definido 13 semanas BHS 18.6% 1RM BHS

et al. (2005) futbolistas griegos 2 dias semana  Subida banco 1 pierna  T17.5% 1RM subida
no define nivel Curl de isquios banco
(17.1+1.1 anos) 4x8-3 RM 3 min 118% 1RM Curl Isquios

recup. (p<0.001)

Christou et al. n=9 Temporada 16 semanas Ejercicios tradicionales ~ 159.48% 1RM press

(2006) futbolistas griegos 2 dias semana  de fuerza (10) pierna; T40.5% 1RM
no define nivel 2-3 series press banca; 12.6%
(13.8+0.4 anos) 8-15 repeticiones 10 m; 1 5.4% 10x5 m;

55-80% 1RM 168.3% SJ; 130.1%
2-3 min recuperacion CMJ (p<0.005)

Ronnestad n==6 Pretemporada 7 semanas HS 125.9% 1RM HS; 13.6%

et al. (2008) futbolistas 2 dias semana 3-5 series 4BT:; 19.9% PP
noruegos profesionales 4-8 RM 20 kg; 111.1% PP
(22+2.5 afos) 50 kg (p<0.05)

Chelly et al. n=11 Temporada 8 semanas BHS 125% 1RM

(2009) futbolistas 2 dias semana 1 serie 7-2 reps. 17.2% PP
Junior 70%-90% 1RM 123% Vpp
(17.3+0,5 anos) 17.1% Vp5 m

112% Vmax
14.7% 5)
110% SJ (p<0.005)

Bogdanis n=9 Pretemporada 6 semanas HS 15.4% total RSA

etal. (2011) futbolistas 3 dias semana 4 series 5 reps. 110.9% EC
griegos profesionales 90% 1 RM 14.9% VO, max
(22.9+1.1 anos) 3 min recup. series 1T 7% VMA

129.4% YYIE2

110% DTT

(p<0.005)
n=9 Pretemporada 6 semanas HS 14.5% total RSA
futbolistas griegos 3 dias semana 4 series 12 reps. 16.2% EC
profesionales 70% 1 RM 16.2% VO,méx

121.4% YYIE2
19.6% DTT
(p<0.005)

g mejora; 5J: test de 5 saltos; BHS: back half squat; CMJ: countermovement jump; DTT: test de Holff; EC: economia de carrera; HS: half squat; MVIC:
contraccion isométrica maxima voluntaria; N: Newton; PP: potencia pico; RM: repeticion maxima; RSA: capacidad de repetir esprints; SJ: squat jump; VMA:
velocidad aerobica maxima; Vmax: velocidad méxima de carrera; VO, méax: consumo maximo de oxigeno; Vp5 m: velocidad primeros 5 metros; Vpp: velocidad
primer paso; YYIE2: test yo-yo2.

-~

Tabla 1. Adaptaciones del entrenamiento de fuerza con ejercicios
tradicionales en futbolistas

78

Apunts. Educacion Fisica y Deportes. 2018, n.? 132. 2.2 trimestre (abril-junio), pp. 72-93. ISSN-1577-4015




Métodos de entrenamiento de la fuerza para la mejora de las acciones en el futbol
Strength Training Methods for Improving Actions in Football

PREPARACION FiSICA | PHYSICAL PREPARATION I

Estudio Poblacion Momento Duracion Intervencion Efectos
Ronnestadet n = 14 Pretemporada 10 semanas HS 119% 1RM HST 3.3%
al. (2011) futbolistas noruegos y temporada 2 dias semana 3 series SJ; 11.8% 40 m
profesionales (24+3 10-4RM (p<0.005)
anos)
n=7 Press pi,ernas, HS, 8%
Zisis et al. futbolistas griegos - 8 semanas exten_5|on e gl en el test Jump
No definido . 3 series de 10 reps.
(2013) amateur 2 dias semana 80% 1RM 3 min and Reach
(16.7+1.1 anos) (p<0.05)
recup.
HS
n=12 (6 reps. 85%) Produce mejoras en
Brito et al. futbolistas portugueses Temporada 9 semanas extension gemelos 1RM squat, flexion plan-
(2014) universitarios 2 dias semana (6 reps. 90%) tar y extension de rodillas,
(20.3+0.9 anos) extension piernas y 20 m (p<0.005)
(6 reps. 80%)
n=17 iﬁ'}ir‘t’o”ﬁfgano T velocidad: 5 m 5.4%;
Style et al. futbolistas no define pais e 6 semanas 3-45x3-5r 85-90% 10 m 2.7%; 20 m 1.3%;
(2015) élite ) 2 dias semana o) T1RM BHS 19.1%
(18.3%1.2 anos) NH 35%3-6 reps. (p<0.001)
e 4 semanas e
Loturco et al. futbolistas brasilefos Pretemporada 2.3 dias se- 6 series 4-8 reps. 15.83% SJ
(2015a) élite mana carga 6ptima de (p<0.005)
(24.1+5.2 anos) potencia; 2 min recup.
10.17+0.27s 10 m
(p=0.05)
n=12 HS 10.04+0.125s 20 m
De Hoyo et al. futbolistas espanoles No definido 6 semanas 5-7 series (p=0.04)
(2015b) élite 3 dias semana 8 repeticiones 14.92+2.58 cm CMJ
(233 anos) carga 6ptima potencia (p=0.001)
162.8+79.71N MVIC
(p=0.05)
16.3% CMJ
n=11 Full-back squat (muy probable)
De Hoyo futbolistas espanoles Temporada 8 semanas 2-3 series 11.25% 10-20 m
et al. (2016) élite junior 2 dias semana 4-8 repeticiones (muy probable)

(18=1 anos)

40-60% 1RM

12% 0-50 m
(muy probable)

1: mejora; 5J: test de 5 saltos; BHS: back half squat; CMJ: countermovement jump; DTT: test de Holff; EC: economia de carrera; HS: half squat; MVIC:
contraccion isométrica méxima voluntaria; N: Newton; PP: potencia pico; RM: repeticion maxima; RSA: capacidad de repetir esprints; SJ: squat jump; VMA:
velocidad aerébica maxima; Vmax: velocidad maxima de carrera; VO, méx: consumo maximo de oxigeno; Vp5 m: velocidad primeros 5 metros; Vpp: velocidad
primer paso; YYIE2: test yo-yo2.

-

Tabla 1. (Continuacion). Adaptaciones del entrenamiento de
fuerza con ejercicios tradicionales en futbolistas
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Study Population Time Length Intervention Effects
119% 1RM;
0, .
n =16 3 weeks HS 1;§ﬁyi/ylpp
Brazilian elite 6 weeks 4x8 reps. 50-80% 1RM O
Preseason 14310 m;
footballers 2 days per week 3 weeks SJ 17.1% SJ-
_ 209, .17 c
(19.18+0.72 years) 4x4,5,6 reps. 60-45-30% 1RM 16.7% CMJ
(p<0.005)
Loturco P
etal. (2013)
122.1% 1RM;
0, .
n =16 3 weeks HS ?gg;/&gﬂ:,
Brazilian elite 6 weeks 4x8 reps. 50-80% 1RM ° !
Preseason 11.6 10 m;
footballers 2 days per week 3 weeks SJ 145% S)-
_ _ 0, . (o] y
(19.11+0.7 years) 4x6,5,4 reps. 30-45-60% 1RM 16.9% CMJ
(p<0.005)
=22 4 weeks =
Loturco Brazilian elite Preseason .3 davs per 6 series 4-8 reps. 14,9% Acc 0-5
et al. (2015a) footballers week ys p optimal power (p<0.005)
(23.4+3,6 years) load; 2 min. recov.
15.4% 1RM;
112.6 VMP
n=12 SJ 15.4% CMJ;
Brazilian elite 6 weeks 6 series 6 reps. 16.3% 77
Preseason :
footballers 2 days per week > 20% bar velocity 18.2% 5 m;
(18.7+0,5 years) 3 min. recov. 16.1% 10 m;
16% 20 m;
Loturco (p<0.005)
et al. (2015b)
18.4% 1RM;
n=12 SJ 17.5 VMP
Brazilian elite foot- 6 weeks 6 series 6 reps. 18.3% CMJ;
Preseason .
ballers 2 days per week < 20% bar velocity 12.9% 77
(18.4+0,6 years) 3 min. recov. 12.2% 20 m
(p<0.005)

1: improvement; Acc: Acceleration; CMJ: countermovement jump; HS: half squat; MP: mean power; MPP: mean propulsive power; MPV: mean propulsive

velocity; RM: repetition maximum; SJ: squat jump; ZZ: zigzag test.

PN

Table 2. Adaptations of strength training with ballistic exercises in

footballers

Study

Hoffman
et al. (2004)

Population

n =10

American university
footballers
(19.3+1.2 years)

T: improvement; RM: repetition maximum.

Time

Transition period
and preseason

Length

15 weeks

4 days per week

Intervention

Olympic movements

(clean and jerk, snatch, etc.)
3-5 series

3-8 RM

Effects

T18%
1RM Squat
(p<0.005)

PN

Table 3. Adaptations of strength training with Olympic movements

in footballers
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Estudio Poblacion Momento Duracion Intervencion Efectos
119% 1RM;
0, .
n =16 3 semanas HS 122/};/”:/]PP
futbolistas brasilenos 6 semanas f4x8 reps. 50-80% 1RM = o
o Pretemporada ; 14310 m;
élite 2 dias semana 3 semanas SJ 17.1% SJ-
- _ 209, .17 c
(19.18+0.72 anos) 4x4,5,6 reps. 60-45-30% 1RM 16.7% CMJ
(p<0.005)
Loturco P
et al. (2013)
122.1% 1RM;
0, .
n =16 3 semanas HS ?gg;ﬁgﬂ;,
futbolistas brasilenos 6 semanas 4x8 reps. 50-80% 1RM ° !
L Pretemporada ; 11.6 10 m;
élite 2 dias semana 3 semanas SJ 145% S)-
= ~ RO .07/ c
(19.11+0.7 anos) 4x6,5,4 reps. 30-45-60% 1RM 16.9% CMJ
(p<0.005)
n=12 SJ
Loturco futbolistas brasilenos 4 semanas 6 series 4-8 reps. 14,9% Acc 0-5
. Pretemporada , .
et al. (2015a) élite 2-3 dias semana carga Optima de (p<0.005)
(23.4+3,6 anos) potencia; 2 min recup.
15.4% 1RM;
112.6 VMP
n=12 SJ 15.4% CMJ;
futbolistas brasilenos Pretemporada 6 semanas 6 series 6 reps. 16.3% 77
élite P 2 dias semana > 20% velocidad barra 18.2% 5 m;
(18.7+0,5 anos) 3 min recup. 16.1% 10 m;
16% 20 m;
Loturco (p<0.005)
et al. (2015b)
47 5
18.4% 1RM
n=12 SJ 17.5 VMP
futbolistas brasilenos Pretemporada 6 semanas 6 series 6 reps. 18.3% CMJ;
élite P 2 dias semana < 20% velocidad barra 12.9% 77
(18.4+0,6 anos) 3 min recup. 12.2% 20 m
(p<0.005)

T: mejora; Acc: aceleracién; CMJ: countermovement jump; HS: half squat; MP: potencia media; MPP: potencia propulsiva media; RM:

repeticion maxima; SJ: squat jump; VMP: velocidad populsiva media; ZZ: test zigzag.

PN

Tabla 2. Adaptaciones del entrenamiento de fuerza con ejercicios
balisticos en futbolistas

Estudio

Hoffman
et al. (2004)

Poblacion

n =10
futbolistas
estadounidenses
universitarios
(19.3+1.2 anos)

1: mejora; RM: repeticion méxima.

Momento

Periodo
transitorio y
pretemporada

Duracion

15 semanas
4 dias semana

Intervencion

Movimientos olimpicos
(Clean, snatch...)

3-5 series

3-8 RM

Efectos

T18%
1RM Squat
(p<0.005)

-~

Tabla 3. Adaptaciones del entrenamiento de fuerza con
movimientos olimpicos en futbolistas
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Plyometrics

Plyometric training involves a rapid stretch-short-
ening cycle (SSC) of the agonist muscles in the
movement (Siez de Villarreal, Requena, & New-
ton, 2010). The majority of the high-intensity actions
carried out by footballers are governed by the SSC
(Ramirez-Campillo, Burgos et al., 2015) and so their
inclusion in training programs can be considered as a
highly specific stimulus with significant transfer for
the performance of actions such as jumping, straight-
line sprints and the ability to change direction (Buch-
heit et al., 2010; Michailidis et al., 2013; Sohnlein,
Miiller, & Stoggl, 2014).

Previous studies have found that compared to ver-
tical or horizontal plyometrics, a combination of these
two directions seems to produce greater improve-
ments in performance (Ramirez-Campillo, Gallardo et
al., 2015). In addition, when the exercises are applied
incorporating bilateral and unilateral support, the im-
provement in power is greater than when only one of
these stimuli is used in isolation (Ramirez-Campillo,
Burgos et al., 2015).

As for the components of the load, it has been
shown that recovery time between the series mak-
ing up the training program influences the response
to the plyometric stimulus. In a study that com-
pared the impact of recovery time, 120-s intervals
versus 30-s and 60-s pauses achieved improvements
in 20-m sprint time without any changes in jumping
ability (Ramirez-Campillo et al. al., 2014). Fur-
thermore, when the recovery time between sessions
was examined, Ramirez-Campillo et al. (2013) did
not find any differences in flexibility, jumping abil-
ity and sprints between programs that ran plyomet-
ric work on consecutive days as opposed to alter-
nate days.

Eccentric Overload

Eccentric overload training is considered useful
for improving eccentric strength (Askling, Karls-
son, & Thorstensson, 2003). This stimulus leads to
changes in the structure and function of the muscle
that are transferred to an increase in performance
(De Hoyo et al., 2015a), injury prevention (Ask-
ling et al., 2003) and improvements in physical and
sports rehabilitation (Romero-Rodriguez, Gual, &
Tesch, 2011).

Pliometria

El entrenamiento pliométrico se caracteriza por la
existencia de un rapido ciclo estiramiento-acortamiento
(CEA) de la musculatura agonista del movimiento (Siez
de Villarreal, Requena, & Newton, 2010). La mayoria
de acciones de alta intensidad que realiza el futbolista
estan gobernadas por el CEA (Ramirez-Campillo, Bur-
gos et al., 2015); por esta razén, su inclusiéon dentro
de los programas de entrenamiento puede considerarse
como un estimulo altamente especifico, de gran transfe-
rencia para el rendimiento de acciones como el salto, el
esprint lineal y la capacidad de cambio de direccion (Bu-
chheit et al., 2010; Michailidis et al., 2013; Sohnlein,
Miiller, & Stoggl, 2014).

Estudios previos han observado que frente a la plio-
metria vertical u horizontal, la combinacion de estas dos
orientaciones parece producir mayores mejoras en el
rendimiento (Ramirez-Campillo, Gallardo et al., 2015).
Ademas, cuando los ejercicios se aplican incorporando
apoyos bilaterales y unilaterales, la mejora de la poten-
cia es mayor que cuando solo se utiliza uno de estos es-
timulos de forma aislada (Ramirez-Campillo, Burgos et
al., 2015).

Respecto a los componentes de la carga, se ha de-
mostrado que el tiempo de recuperacion entre las series
que constituyen el programa de entrenamiento tiene in-
fluencia sobre la respuesta al estimulo pliométrico. En
un estudio que compard la influencia del tiempo de re-
cuperacion, intervalos de 120-s frente a pausas de 30-s y
60-s lograron mejoras en el tiempo de esprint 20-m, sin
cambios en la capacidad de salto (Ramirez-Campillo et
al., 2014). Por otra parte, cuando se analiz6 el tiempo
de recuperacion entre sesiones, Ramirez-Campillo et al.
(2013) no observaron diferencias en flexibilidad, capa-
cidad de salto y esprint entre un programa que organizd
el trabajo pliométrico en dias consecutivos frente a dias
alternos.

Sobrecarga excéntrica

El entrenamiento con sobrecarga excéntrica se consi-
dera qtil para la mejora de la fuerza excéntrica (Askling,
Karlsson, & Thorstensson, 2003). Este estimulo provo-
ca cambios en la estructura y funcién del misculo que
se transfieren a un aumento del rendimiento (De Hoyo
et al., 2015a), prevencion de lesiones (Askling et al.,
2003) o mejoras del proceso de readaptacion fisicode-
portiva (Romero-Rodriguez, Gual, & Tesch, 2011).
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Meylan et al. n=14 Season 8 weeks List of 7 exercises 17.9% CMJ (p=0.004)
(2009) pre-adolescent 2 days per 4 per session 110.9% CT (p=0.01)
footballers week 2-4 series and 12.1% 10 m (p=0.004)
(13.3+0.6 years)) 6-12 reps. 19.6% Agility
H or V direction (p=0.001)
Chelly et al. n=12 Season 8 weeks Hurdle jump (40-60 cm) 19.75% Vmax;
(2010) amateur foot- 2 days per 4 series 5-10 reps. 110% acc;
ballers week Drop jump (40 cm) 1 4.5% power;
(19.1+0.7 years) 4 series 10 reps. 18.3% SJ;
12.5% CMJ
(p<0.01)
Buchheit et al. n =10 Season 10 weeks Jumps, stair 11.96% 30 m;
(2010) youth footballers 1 day per week coordination and sprint 114.68% CMJ;
(15.5+0.5 years) 4-6 series 127.8% Hop;
4-6 exercises 10.16% RSADb;
45 s series 3 min 10.80% RSAm;
exercises (p<0.005)
Vaczi et al. n=12 Season 6 weeks 3 UNI exercises 12.5% T-sprint test;
(2013) Hungarian ama- 2 days per 3 Bl exercises 11.7% lllinois
teur footballers week 2-6 series 18.9% DVJ;
(21.9+1.7 years) 5-10 reps. 17.5% MVIC;
40-100 jumps/session (p<0.05)
Michailidis et al. n =24 Season 12 weeks 4 exercises per session Improvements in 10,
(2013) pre-adolescent 2 days per out of possible 9 20 and 30 m velocity,
footballers week 2-4 series and 5-10 vertical jump, agility, leg
(10.6+0.5 years) reps. strength
90-180 s (p<0.005)
Zisis et al. (2013) ni="17 Not 8 weeks Depth jump No significant
Greek amateur specified 2 days per Split SJ; Elastic jump improvements in jump
footballers week Different pattern jumps and reach test
(16.9+1.1 years) 2-3 s 10 reps. (p<0.05)
1 min recov.
Ramirez-Campillo n =54 Season 6 weeks 13 horizontal 14.4% SJ;
et al. (2013) youth footballers 2 days per and vertical UNI and Bl 17.4% CMJ;
(14.2+2.2 years) week exercises 15.7% SR;
2 s 5-10 reps. in 112.2% DJ20;
succession 15.6% BL;
15.6% 20 m;
110.3% MST;
13.3% 10x5 m
(p<0,005)
T: improvement; ABK: Abalakov; Acc: acceleration; Bl: bilateral; BLJ: broad long jump test; CMJ: countermovement jump; CT: contact test; DVJ: deep vertical
jump; H: horizontal; HAR: hurdle agility jump; HJ: horizontal jump; MB5: 5 jump test; MKD: maximum kick distance; MST: shuttle run; MVIC: maximum vo-
luntary isometric contraction; RSAb: best series repeated sprints test; RSAm: mean repeated sprints test; SJ: squat jump; SR: sit & reach, DJ: drop jump 20
cm; UNI: unilateral; V: vertical; VJ: vertical jump; Vmax: maximum velocity; YYIEL: yo-yol test.

PN

Table 4. Adaptations produced by plyometric training in
footballers
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Study Population Time Length Intervention Effects
n =54 Season 6 weeks 13 horizontal 8% CMJ;
youth footballers 2 days per week  and vertical UNI and BI 14.7% SR;
(14.2+2.2 years) exercises 112% DJ20;
Ramirez-Campillo 25 5-10 reps. 1 day 15.3% BL;
et al. (2013) recov. 15.1% 20 m;
110% MST;
12.7% 10x5 m
(p<0.005)
= Improvements in
Brito Portugqese 9 weeks LI SRS 1RM squat, plantar flexion
university Season 8VJ+3 headers .
et al. (2014) 2 days per week and knee extension, and
footballers 6VJ from seated +3DJ
(20.3%0.9 years) OIS
14.3% CMJ;
De s 116% DJ40;
- 0, o
Ramirez-Campillo pre-adolescent 7 weeks DJ20,40,60 122% DJ20;
Season ’ 14.1% MB5
et al. (2014a) footballers 2 days per week 2 series 10 reps. o
(13.2+1.8 years) 13.5% lllinois;
S 114% KD;
15% 2.4 km (p<0.005)
18.1% CMJ;
n=13 133.2% DJ20;
pre-adolescent Season 7 weeks gJSZe(:iY:SOELGOOre < 139% DJA0;
footballers 2 days per week 30 s between Ze.ries 11.8% 20 m;
(10.4+2.0 years) 111.3% MKD
(p<0.005)
i 19.1% CMJ;
Ramirez-Campillo r;_a o eecent T DJ20,40,60 135.3% DJ20;
et al. (2014hb) P Season 2 series 10 reps. 138.9% DJ40;
footballers 2 days per week ) 1159
(10.4+2.3 years) 60 s between series 15% MKD
T (p<0.005)
18.5% CMJ;
n=12
re-adolescent 7 weeks DJ20,40,60 136.6% DJ20;
?ootballers Season 2 davs per week 2 series 10 reps. 146.4% DJ4AO0;
(10.3+2.3 years) ys p 120 s between series 112.6% MKD
2L Y (p<0.005)
13.8% 5 m;
n =12 4 exercises per session 13.2% 20 m;
. ) N horizontal and vertical 12.5% 30 m;
Sohnlein pre-adolescent 16 weeks .
etal. (2014) footballers Season 2 days per week 2l 16.1% HAR;
: L. ¥ P 2-5 series and 6-16 121.4% MB5
=2y reps. 19.6% HJ
(p<0.005)
1: improvement; ABK: Abalakov; Acc: acceleration; BI: bilateral; BLJ: broad long jump test; CMJ: countermovement jump; CT: contact test; DVJ: deep vertical
jump; H: horizontal; HAR: hurdle agility jump; HJ: horizontal jump; MB5: 5 jump test; MKD: maximum kick distance; MST: shuttle run; MVIC: maximum vo-
luntary isometric contraction; RSAb: best series repeated sprints test; RSAm: mean repeated sprints test; SJ: squat jump; SR: sit & reach, DJ: drop jump 20
cm; UNI: unilateral; V: vertical; VJ: vertical jump; Vmax: maximum velocity; YYIEL: yo-yol test.

'S

Table 4 (Continuation). Adaptations produced by plyometric
training in footballers
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n=12 Improvements in ABK
N BI horizontal and vertical ~ UNI and BI, 15 and 30 m
pre-adolescent 6 weeks . -
- Season o — program velocity; agility;
(11+2 years) ys p 6 series 5-10 reps. MKV and YYIEL
=<y (p<0.005)
_ . Improvements in ABK
n =16 UNIAhonzontaI and UNI and BI, 15 and 30 m
p . pre-adolescent 6 weeks vertical L
Ramirez-Campillo footballers Season 2 davs per week S velocity; agility;
euall ([200Es) (11.6+1.7 years) P g sgries 5-10 reps AL EE EL
AR5 1l 3 ps. (p<0.005)
Improvements in ABK
n=12 Bl and UNI horizontal UNI and BI, 15 and 30 m
pre-adolescent Season 6 weeks and vertical velocity; agility;
footballers 2 days per week  program MKV and YYIE1 (p<0.005)
(11.6%+2.7 years) 2 series 5-10 reps. Greater improvement other
groups
19.7% ABK horizontal
n =120 UNI and BI 19.8% ABK vertical;
pre-adolescent Season 6 weeks vertical program 111% YYIEL;
footballers 2 days per week  3-6 series and 5-10 (p<0.005)
(11.6%+1.4 years) reps. 115.7% DJ20;
(p<0.001)
) . n =10 UNI and BI TABK UNI and B;
REIErS Rl re-adolescent 6 weeks horizontal program TYYIEL,;
et al. (2015b) P Season . prog Tin 15 and 30 m velocity;
footballers 3 days per week  3-6 series and 5-10 2 o
(11.4+1.9 years) reps MISTEIIE 41229
T ’ (p=0.05)
n=10 Improvements in all tests
N Combined UNI and Bl done (p<0.001)
pre-adolescent 6 weeks )
Season program Greater improvement other
footballers 3 days per week )
(11.2+2.3 years) 2 series 5-10 reps. groups
e (p<0.005)
= Combinationiof s =847 oon el (probable)
De Hoyo Spanish elite 8 weeks jumps, stairs and sprint
Season ) ) 10.3% 30-20 m (probable)
et al. (2016) footballers 2 days per week  exercises (series based o
i 11.5% 0-50 m (probable)
(18=1 years) on exercise)

(E improvement; ABK: Abalakov; Acc: acceleration; BI: bilateral; BLJ: broad long jump test; CMJ: countermovement jump; CT: contact test; DVJ: deep vertical
jump; H: horizontal; HAR: hurdle agility jump; HJ: horizontal jump; MB5: 5 jump test; MKD: maximum kick distance; MST: shuttle run; MVIC: maximum voluntary
isometric contraction; RSAb: best series repeated sprints test; RSAm: mean repeated sprints test; SJ: squat jump; SR: sit & reach, DJ: drop jump 20 cm; UNI:
unilateral; V: vertical; VJ: vertical jump; Vmax: maximum velocity; YYIEL: yo-yol test.

PN

Table 4 (Continuation). Adaptations produced by plyometric
training in footballers
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Estudio Poblacion Momento Duracion Intervencion Efectos

Meylan et al. n=14 Temporada 8 semanas Lista de 7 ejercicios 17.9% CMJ (p=0.004)

(2009) futbolistas 2 dias semana 4 por sesion 110.9% CT (p=0.01)
pre-adolescentes 2-4 series 'y 12.1% 10 m (p=0.004)
(13.3+0.6 anos) 6-12 reps. 19.6% Agilidad

orientacién H o V (p=0.001)

Chelly et al. n=12 Temporada 8 semanas Hurdle jump (40-60 cm) 19.75% Vmax;

(2010) futbolistas 2 dias semana 4 series 5-10 reps. 110% acc;
amateur Drop jump (40 cm) 1 4.5% potencia;
(19.1+0.7 anos) 4 series 10 repes. 18.3% SJ;

12.5% CMJ
(p<0.01)

Buchheit et al. n =10 Temporada 10 semanas Saltos, escaleras de 11.96% 30 m;

(2010) futbolistas junior 1 dia semana coordinacién y esprint 114.68% CMJ;
(15.5+0.5 afos) 4-6 series 127.8% Hop;

4-6 ejercicios 10.16% RSAb;
45 s series 3 min 10.80% RSAm;
ejercicios (p<0.005)

Vaczi et al. n=12 Temporada 6 semanas 3 ejercicios UNI 12.5% T-esprint test;

(2013) futbolistas 2 dias semana 3 ejercicios Bl 11.7% lllinois
hungaros amateur 2-6 series 18.9% DVJ;
(21.9+1.7 anos) 5-10 reps. 17.5% MVIC;

40-100 saltos/sesion (p<0.05)

Michailidis et al. n=24 Temporada 12 semanas 4 ejercicios por sesion Mejoras en velocidad

(2013) futbolistas 2 dias semana de 9 posibles 10, 20 y 30 m, salto
pre-adolescentes 2-4 series y 5-10 reps. vertical, agilidad, fuerza
(10.6+0,5 anos) 90-180 s de piernas

(p<0.005)

Zisis et al. (2013) n=7 No definido 8 semanas Depth jump No mejoras significativas
futbolistas griegos 2 dias semana Spli SJ; Elastic jump en el test Jump and
amateur Saltos diferente patron Reach
(16.9+1.1 anos) 2-3 s 10 reps. (p<0.05)

1 min recup.

Ramirez-Campillo n =54 Temporada 6 semanas 13 ejercicios 14.4% SJ;

et al. (2013) futbolistas junior 2 dias semana horizontal y vertical 17.4% CMJ;
(14.2+2.2 afos) UNI y BI 15.7% SR;

2 s. 5-10 reps. 112.2% DJ20;
seguido 15.6% BL;
15.6% 20 m;

110.3% MST:
13.3% 10x5 m
(p<0.005)

1: mejora; ABK: Abalakov; acc: aceleracién; Bl: bilateral; BLJ: Broad long jump test; CMJ: countermovement jump; CT: contact test; DJ: drop jump 20 cm;
DVJ: salto vertical profundo; H: horizontal; HAR: hurdle agility jump; HJ: horizontal jump; MB5: test 5 saltos; MKD: distancia maxima golpeo balén; MST:
shuttle run; MVIC: contraccion isométrica voluntaria maxima; RSAb: mejor serie test esprints repetidos; RSAm: media test esprints repetidos; SJ: squat jump;
SR: sit & reach; UNI: unilateral; V: vertical; VJ: vertical jump; Vmax: velocidad maxima; YYIEL: test yo-yol.

-

Tabla 4. Adaptaciones producidas por el entrenamiento
pliométrico en futbolistas
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Estudio Poblacion Momento Duracion Intervencion Efectos
n= emporada semanas ejercicios o ;
54 Te d 6 13 ejercici 18% CMJ
futbolistas junior 2 dias semana horizontal y vertical UNI 1T4.7% SR;
(14.2+2.2 anos) y Bl 112% DJ20;
Ramirez-Campillo 25 5-10 reps. 1 dia 15.3% BL;
etal. (2013) rec. 15.1% 20 m;
110% MST;
12.7% 10x5 m
(p<0.005)
W= Produce mejoras en
Brito Il 9 semanas SIS I 1RM squat, flexion plantar
portugueses Temporada , 8VJ+3 remates cabeza - !
etal. (2014) . L 2 dias semana y extension de rodillas, y
universitarios 6VJ desde sentado+3DJ 20 m (p<0.005)
(20.3+0.9 afios) p=<0-.
14.3% CMJ;
116% DJ4O0;
n =38 122% DJ20;
Ramirez-Campillo futbolistas pre- 7 semanas DJ20,40,60 N ’
Temporada ; . 14.1% MB5
et al. (2014a) adolescentes 2 dias semana 2 series 10 reps. £3.59% llinois:
- - o ’
(13.2+1.8 anos) +14% KD:
15% 2.4 km (p<0.005)
18.1% CMJ;
n=13 133.2% DJ20;
futbolistas pre- Temporada 7 semanas gfe?iy:so’li)ore < 139% DJAO;
adolescentes P 2 dias semana 30's entre sergas: 11.8% 20 m;
(10.4+2.0 anos) 111.3% MKD
(p<0.005)
= 44 19.1% cMJ;
Ramirez-Campillo futTaoIistas e- 7 semanas DJ20,40,60 135.3% DJ20;
et al. (2014hb) P Temporada , 2 series 10 reps. 138.9% DJ40;
adolescentes 2 dias semana : 1159
(10.4+2.3 afios) 60 s entre series 15% MKD
T (p<0.005)
18.5% CMJ;
n=12
futbolistas pre- 7 semanas AR D10 136.6% DJ20;
P Temporada ; 2 series 10 reps. 146.4% DJAO;
adolescentes 2 dias semana . 2 o
(10.3+2.3 afios) 120 s entre series 12.6% MKD
T (p<0.005)
13.8% 5 m;
L - 13.2% 20 m;
n=12 4 ejercicios por sesion !
I ) : . 12.5% 30 m;
Soéhnlein futbolistas pre- 16 semanas horizontal y vertical la- o .
Temporada ) 16.1% HAR;
etal. (2014) adolescentes 2 dias semana teral o
(13=0.9 anos) 2-5 series 6-16 reps. 121.4% MB5
19.6% HJ
(p<0.005)

LE mejora; ABK: Abalakov; acc: aceleracion; Bl: bilateral; BU: Broad long jump test; CMJ: countermovement jump; CT: contact test; DJ: drop jump 20 cm;
DVJ: salto vertical profundo; H: horizontal; HAR: hurdle agility jump; HJ: horizontal jump; MB5: test 5 saltos; MKD: distancia maxima golpeo balén; MST:
shuttle run; MVIC: contraccion isométrica voluntaria méxima; RSAb: mejor serie test esprints repetidos; RSAm: media test esprints repetidos; SJ: squat jump;
SR: sit & reach; UNI: unilateral; V: vertical; VJ: vertical jump; Vmax: velocidad maxima; YYIEL: test yo-yo1l.

-~

Tabla 4. (Continuacion). Adaptaciones producidas por el
entrenamiento pliométrico en futbolistas

Apunts. Educacion Fisica y Deportes. 2018, n.? 132. 2.2 trimestre (abril-junio), pp. 72-93. ISSN-1577-4015

87



PREPARACION FiSICA | PHYSICAL PREPARATION I

Raya, J., Sanchez, J.

Estudio Poblacion Momento Duracion Intervencion Efectos
n=12 Mejoras en ABK UNI y BI,
e Programa BI velocidad 15y 30 m;
futbolistas 6 semanas : ) o
Temporada , horizontal y vertical agilidad;
pre-adolescentes 2 dias semana )
(1122 afios) 6 series 5-10 reps. MKV y YYIEL
- (p<0.005)
n=16 Mejoras en ABK UNI y
o Programa UNI B, velocidad 15y 30 m;
, . futbolistas 6 semanas ) ) -
Ramirez-Campillo re-adolescentes Temporada 5 dias semana horizontal y vertical agilidad;
et al. (2015a) '(311 6+1.7 afios) 3 series 5-10 reps. MKV y YYIEL
T (p<0.005)
Mejoras en ABK UNI y
n= 1_2 Programa Bl y UNI BI,_ yelomdad 15y 30 m;
futbolistas 6 semanas ) : agilidad;
Temporada p horizontal y vertical
pre-adolescentes 2 dias semana 2 series 5-10 reps MKV y YYIEL
(11.6+2.7 afios) ps-. (p<0.005)
Mayor mejora otros grupos
19.7% ABK horizontal
n =120 - 19.8% ABK vertical;
futbolistas 6 semanas g 111% YYIEL
Temporada , UNIy BI
pre-adolescentes 2 dias semana 3.6 series 5-10 reps (p<0.005)
(11.6=1.4 afios) ps- 115.7% DJ20;
(0<0.001)
a0 TABK UNI y BI;
Ramirez-Campillo fut?)olistas 6 semanas Programa horizontal TYYIEL,;
et al. (2015b) Temporada , UNI'y BI Ten velocidad 15 y 30 m;
pre-adolescentes 3 dias semana ) 1 o
(11.4+1.9 afos) 3-6 series 5-10 reps. MKV y MB%
T (p=0.05)
Mejora en todos los test
n =10 . .
futbolistas 6 semanas Programa combinado realizados
Temporada . UNI'y BI (p<0.001)
pre-adolescentes 3 dias semana ) !
(11.2+2.3 afos) 2 series 5-10 reps. Mayor mejora otros grupos
D (p<0.005)
= ComAEREN o 17.2% CMJ (probable)
De Hoyo futbolistas Temporada 8 semanas ejercicios de saltos, 10.3% 30-20 m (probable)
et al. (2016) espanoles élite P 2 dias semana escalera y esprint = P

(18=1 anos)

(series segun ejercicio)

11.5% 0-50 m (probable)

1 mejora; ABK: Abalakov; acc: aceleracion; Bl: bilateral; BLJ: Broad long jump test; CMJ: countermovement jump; CT: contact test; DJ: drop jump 20 cm; DVJ:
salto vertical profundo; H: horizontal; HAR: hurdle agility jump; HJ: horizontal jump; MB5: test 5 saltos; MKD: distancia méxima golpeo balén; MST: shuttle run;
MVIC: contraccién isométrica voluntaria maxima; RSAb: mejor serie test esprints repetidos; RSAm: media test esprints repetidos; SJ: squat jump; SR: sit &
reach; UNI: unilateral; V: vertical; VJ: vertical jump; Vmax: velocidad maxima; YYIEL: test yo-yol.

-~

Tabla 4. (Continuacion). Adaptaciones producidas por el
entrenamiento pliométrico en futbolistas
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Study Population Time Length Intervention Effects

n=15 ) 115.3% con
Askling etal.  Swedish Preseason 1?2\/\(/12625 er Zfoge?ieza; rsemg gBCIurI 119.2 % ecc
(2003) professional footballers week ys P Maximum intgn.sit 12.4% 30 m

(24+2.6 years) y (p=0.05)

n =20 5 min exercise bike
De Hoyo et Spanish U-19 elite . - Yo-yo squat 16.1% CMJ (very probable)
al. (2014) footballers R Rl 4 series 6 reps. Bl 10.6% 20 m (possible)

(17=1 years) 2 min recovery

n=18 Yo-yo squat 17.6% CMJ (VL)

; : 10 weeks . )

De Hoyo et Spanish youth elite Season 1-2 davs per Yo-yo hamstring curl 11% 10 m (possible)
al. (2015a)  footballers o ys P 3-6 series 6 reps. 11.5% 20 m (possible)

(18=1 years) Maximum power 13.3% 10 m-I (AC)
Tous-F n=12 DTR; BL; HK; US: 15.7% V-Cut (AC)
jous-ra- Spanish U-18 elite 11 weeks 2 series 6-10 reps. o VLU ;
jardo et al. footballers Season 1 day per week  Vibrating platform 14.4% CMJ (possible)

0,

(R (17+0.5 years) NH; ABD; Lateral bridge 19.5% AP (probable)

n=11 6 weeks Cone pulley lunge 10.11+0.27 s 10 m (p=0.01)
De Hoyo et Soanish elite football Not specified 3 davs per 5-7 series 11.55+2.44 cm CMJ (p=0.001)
al. (2015b) 2";“152 elite footballers P Weeky P 8 reps. 1106.56+121.63N

(22 e optimal power load MVIC (p=0.05)
T improvement; 10 m-f: flying 10 meter sprint; ABD: abductors; AC: almost certain; AP: relative average power; BAT: Balsom Agility Test; Bl: bilateral; BL: back
lunge; CMJ: countermovement jump; con: concentric strength; DTR: diagonal trunk rotations; ecc: eccentric strength; HK: hamstring kick; HS: half squat; MVIC:
maximum voluntary isometric contraction; N: Newton; NH: Nordic hamstring; U-18: under 18; U-19: under 19; US: unilateral squat.

s

Table 5. Adaptations of strength training with eccentric overload in

footballers

Estudio Poblacion Momento Duracion Intervencion Efectos

M=dd 10 semanas Yo-yo curl isquios 115.3% con
Askling et al.  futbolistas suecos ; : 119.2 % ecc

) Pretemporada  1-2 dias se- 4 series 8 reps. Bl

(2003) profesionales mana Méxima intensidad 12.4% 30 m

(24+2.6 anos) (p=0.05)

n =20 5 min bici estatica
De Hoyo et futbolistas espanoles - - Yo-yo squat 16.1% CMJ (muy probable)
al. (2014)  élite U-19 9 CEITe MO CLEITIED 4 series 6 reps. Bl 10.6% 20 m (posible)

(17+1 anos) 2 min recuperacion

n =18 Yo-yo squat 17.6% CMJ (VL)

) ~ 10 semanas U :

De Hoyo et futbolistas espanoles T 1-2 dias se- Yo-yo curl isquios 11% 10 m (posible)
al. (2015a) élite junior mana 3-6 series 6 reps. 11.5% 20 m (posible)

(18=1 anos) Potencia maxima 13.3% 10 m-I (AC)

n=12 RDT; BL; HK; SU:
Tous-Fa- futbolistas espafioles 11 semanas 2 series 6-10 reps. 15.7% V-Cut (AC)
jardo et al. slite U-18 Temporada 1 dia semana Plataforma vibratoria 14.4% CMJ (posible)
(2015) (17+0.5 afios) NH; ADD; Puente 19.5% AP (probable)

- lateral

n=11 Zancada polea conica 170.11+0.27 s 10 m (p=0.01)
De Hoyo et futbolistas espanoles No definido 6 semanas 5-7 series 11.55+2.44 cm CMJ (p=0.001)
al. (2015b) élite 3 dias semana 8 reps. 1106.56+121.63N

(22+2 anos)

carga 6ptima potencia

MVIC (p=0.05)

1: mejora; 10 m-I: esprint 10 metros lanzados; AC: casi seguro; ADD: aductores; AP: potencia relativa media; BAT: test de agjlidad de Balsom; BlI: bilateral; BL:
zancada de espaldas; CMJ: countermovement jump; con: fuerza concéntrica; ecc: fuerza excéntrica; HK: patada de isquios; HS: half squat; MIVC: contraccion
isométrica maxima voluntaria; N: newton; NH: nordic hamstring; RDT: rotaciones diagonales de tronco; SU: squat unilateral; U-18: sub 18; U-19: sub 19.

-~

Tabla 5. Adaptaciones del entrenamiento de fuerza con
sobrecarga excéntrica en futbolistas
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In relation to football performance there is the
paper by Askling et al. (2003) who for 10 weeks
used eccentric overload exercises for the ham-
strings, performing them on a yoyo hamstring curl
machine, with good results in the concentric and
eccentric strength of the hamstrings as well as in
30-m sprint time. Another study conducted with
footballers by De Hoyo, Pozzo et al. (2015) which
used yoyo squat and yoyo leg curl inertial devices
managed to improve CMJ performance and 20-m
sprint time. Similar effects were found by Tous-Fa-
jardo et al. (2016) when combining eccentric over-
load exercises and a vibrating platform as part of
an 11-week program. The authors suggest that this
combination improved the footballers’ ability to
change direction, countermovement jump and pow-
er. Finally, De Hoyo, Safiudo et al. (2015) con-
ducted a 6-week training program including eccen-
tric overload exercises that produced improvements
in CMJ, 10-m sprint time and maximum isometric
strength.

Complex Contrast Training

Complex contrast training consists of performing
exercises which combine different intensities: heavy
90% 1RM loads (traditional exercises) and light
40-50% 1RM loads (plyometrics) (Harris, Stone,
O’Brian, Proulx, & Johnson, 2000). In an advanced
version of the traditional method, loaded exercises
can be followed by sprint exercises (Mujika, San-
tisteban, & Castagna, 2009). Most of the papers use
the HS exercise as a heavy load with very different
training volumes depending on the study (1-4 series
and 4-6 reps) (Brito et al., 2014; Faude, Roth, Di
Giovine, Zahner, & Donath, 2013). In addition,
although most programmes employ dynamic work,
some have used isometric work (40-80 seconds)
along with jumps from a bench and hopping (4-6 se-
ries and 2 reps) with good results for acceleration,
sprints and agility (Garcia-Pinillos, Martinez-Amat,
Hita-Contreras, Martinez-Lopez, & Latorre-Roman,
2014).

As opposed to proposals based on traditional ex-
ercises, Mujika et al. (2009) suggested a complex
contrast training programme combining high and low
loads and specific football exercises (dribbling, head-
ing, etc.) with which they achieved improvements in
jumping ability and 15-m sprints.

En relacion con el rendimiento en fitbol encontra-
mos el trabajo de Askling et al. (2003), que empled
durante 10 semanas ejercicios con sobrecarga excéntri-
ca para la musculatura isquiotibial realizdndolos en la
maquina yoyo curl hamstring, con buenos resultados en
la fuerza concéntrica y excéntrica de isquiotibiales, asi
como en el tiempo de esprint 30-m. Otro estudio reali-
zado con futbolistas por De Hoyo, Pozzo et al. (2015)
que utiliz6 dispositivos inerciales yoyo squat y yoyo leg
curl consiguié mejorar el rendimiento en CMJ y en el
tiempo de esprint 20-m. Efectos similares fueron encon-
trados por Tous-Fajardo et al. (2016) combinando en un
programa de 11 semanas ejercicios con sobrecarga ex-
céntrica y plataforma vibratoria. Los autores indicaron
que esta combinacion mejoraba la habilidad para cam-
biar de direccidn, el salto con contramovimiento y la po-
tencia del futbolista. Por dltimo, De Hoyo, Saifiudo et al.
(2015) llevaron a cabo un programa de entrenamiento de
6 semanas incluyendo ejercicios con sobrecarga excén-
trica que produjeron mejoras en CMJ, en el tiempo de
esprint 10-m y en la fuerza isométrica maxima.

Contrastes

El método de contrastes o complex contrast trai-
ning, se basa en la realizacién de ejercicios que com-
binan intensidades diferentes: cargas pesadas del 90%
1IRM (ejercicios tradicionales) y cargas ligeras 40-50%
IRM (pliometria) (Harris, Stone, O Brian, Proulx, &
Johnson, 2000). En una version avanzada del método
tradicional, a los ejercicios con carga le pueden suceder
acciones de esprint (Mujika, Santisteban, & Castagna,
2009). La mayoria de los trabajos utilizan el ejercicio
de HS como carga pesada, con volimenes de entrena-
miento muy dispares en funcién del estudio (1-4 series y
4-6 reps) (Brito et al., 2014; Faude, Roth, Di Giovine,
Zahner, & Donath, 2013). Por otra parte, aunque la ma-
yoria de programas emplean trabajos dinimicos algunos
han aplicado trabajos isométricos (40-80 segundos) junto
con saltos desde el banco y saltos una pierna (4-6 series
2 reps), con buenos resultados en aceleracion, esprint y
agilidad (Garcia-Pinillos, Martinez-Amat, Hita-Contre-
ras, Martinez-Lopez, & Latorre-Roméan, 2014).

Frente a las propuestas basadas en ejercicios tradi-
cionales, Mujika et al. (2009) propusieron un programa
de contrastes combinando cargas altas, bajas y ejercicios
especificos de fatbol (conduccion, salto de cabeza, etc.),
obteniendo mejoras en la capacidad de salto y esprint
15-m.

920
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(15.9+1.4 years)

4-6 series 2 reps.

Study Population Time Length Intervention Effects
Muiika n =10 7 weeks 3 posts that combine 12.8% 15 m; T4.5% CMJ;
a5 ;I (2009) Spanish elite youth foot- Season @ et exercises with high loads, low T 1% ABK
’ ballers (18+0.5 years) loads, and football exercises (p<0.005)
n=9 Squat, skipping, 5 m o . o .
Portuguese elite o DB Calves, VJ, HE T9'2A’05 m; 16.2% 15 m;
S i Not specified 1 day per LE, JFS, DJ 6 reps 112.6% SJ
: week ! : ’ (p<0.005)
Maio Alves (17.4=0.6 years) 80-85-90%
etal. 2010) p =38 Squat, skipping, 5 m o . o .
Portuguese elite NG oG 6 weeks Calves, VJ, HE $géé’ ng, 73.1% 15 m;
footballers P 2 days per week LE, JFS, DJ 6 reps. (p<.0 605)
(17.4+0.6 years) 80-85-90% ’
n=7 HS 4x4 90% 1RM
: 7 week: ; 118.2% 1RM HS; 13% CMJ
Faude Norwegian amateur Season 5 \év:yes ;er 4 min. recov. + 5 HJ (UNI) Bl T4.§% CMJ iz 19 :% Dir
etal. (2013) footballers HS 4x4 50-60% 1RM ’ T
(22.6=2.4 years) sz 4 min. recov. + 5 HJ (BI) (el
n=12 HS (6 reps 85%) Improvements in 1RM squat,
Brito Portuguese university SeeET 9 weeks Ext calves (6 reps 90%) plantar flexion and knee
etal. (2014) footballers 2 days per week Ext legs (6 reps 80%) and extension, and
(20.3+0.9 years) plyometric exercises 20 m (p<0.005)
n=17 17.14% CMJ; 114.97% 5 m;
G*-Pinilos  Spanish amateur 19 weeks Isometric half squat 40-80 113.36% 10 m; 18.09%
H . 0, . 0,
etal. (2014) footballers Season 2 days per week seconds and JFS or hopping 20 m; 16.26% 30 m; 15.13%

BAT
(p<0.005)

T improvement; ABK: Abalakov; BAT: Balsom Agility Test; Bl: bilateral; CMJ: countermovement jump; DJ: drop jump; DJr: drop jump reactive; HE: header; HS: half
squat; JFB: jump from bench; JFS: jump from seated; RM: repetition maximum; SJ: squat jump; UNI: unilateral; VJ: vertical jump.

S

Table 6. Adaptations of strength training with complex contrast
training in footballers

Estudio Poblacion Momento Duracion Intervencion Efectos
» n=10 3 postas que combinan ejerci- 12.8% 15 m; T 4.5% CMJ;
g/ltu;:ka(goog) futbolistas espanoles élite Temporada (75 :Zg?:::i cios con cargas altas, cargas  T1% ABK
’ junior (18=0.5 anos) bajas, y ejercicios de futbol (p<0.005)
n=9 Squat, skipping, 5 m o . o .
futbolistas portugueses - 6 Sl Gemelos, VJ, RC T9'2/°05 m; 16.2% 15 m;
dlite No definido 1 dia LE. JFS, D) & reps 112.6% SJ
Maio Aves  (17.4%0.6 afios) SHMENE 80-85-90% (et
etal. 2010) p =38 Squat, skipping, 5 m, o . o .
futbolistas portugueses - 6 semanas Gemelos, VJ, RC TGQQA’ 5m; 13.1% 15 m;
o No definido ; 19.6% SJ
élite 2 dias semana  LE, JFS, DJ 6 reps. (p<0.005)
(17.4+0.6 anos) 80-85-90% ’
n=7 HS 4x4 90% 1RM o . o
Faude futbolistas noruegos TeEEE 7 semanas 4 min recup. + 5 HJ (UNI) glj'?i éo/lng Ii-|zS" TTg’fyCDMJJr
etal. (2013) amateur P 2 dfas semana  HS 4x4 50-60% 1RM <0 e a; 19,4%
(22.6+2.4 anos) 4 min recup. + 5 HJ (BI) .
n=12 HS (6 reps 85%) Produce mejoras en 1RM
Brito futbolistas portugueses RERE 9 semanas Ext. gemelos (6 reps. 90%) squat, flexion plantary ex-
etal. (2014) universitarios P 2 dias semana  Ext. piernas (6 reps. 80%) y  tension de rodillas, y 20 m
(20.3+0.9 anos) ejercicios pliométricos (p<0.005)
n=17 $7.14% CMJ; Tlt}r.97% 5m;
- o ~ HS isométrico 40-80 s y JFS 13.36% 10 m; 18.09% 20
a_ ’
Selllies futbolistas espafioles Temporada L SIEEE o salto una pierna 4-6 series m; 16.26% 30 m; 15.13%
etal. (2014) amateur 2 dias semana

(15.9+1.4 anos)

2 reps.

BAT
(p<0.005)

T: mejora; ABK: Abalakov; BAT: test de agilidad de Balsom; Bl: bilateral; CMJ: countermovement jump; DJ: drop jump; DJr: drop jump reactivo; HS: half squat;

JFS: salto desde banco; RE: remate de cabeza; RM: repeticion méxima; SJ: squat jump; UNI: unilateral; VJ: salto vertical.

-~

Tabla 6. Adaptaciones del entrenamiento de fuerza por el método
de contrastes en futbolistas
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Conclusion

Strength training appears to be an effective meth-
od for optimizing a number of crucial abilities for
football performance during the competitive season
without impairing performance in terms of results.
The choice of the right method and work protocol
should be based on the objectives to be achieved,
the time in the season and the players’ strength and
shortcomings. Various aspects such as individualiz-
ing training programs, progression and control of the
load and appropriate task design based on the players’
characteristics need to be taken into consideration in
order to attain this improvement.
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