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Resumen

La investigacion cientifica en el ambito del rendimiento deportivo basa parte de sus
objetivos en el andlisis de aquellos factores que pudieran condicionar, o incluso
determinar, el nivel de prestacién de un deportista 0 conjunto de éstos, durante el
entrenamiento o la competicion (Lago et al., 2011). Actualmente, gracias a las
aportaciones del profesor Francisco Seirul-lo (INEFC Barcelona), preparador fisico e
idedlogo del entrenamiento estructurado (EE) y referente mundial de la mano del FC
Barcelona, el estudio y analisis del area del rendimiento deportivo en los deportes de
equipo ha evolucionado hacia la especificidad, la individualizacion, el abordaje global y
el aprendizaje diferencial, todo ello respetando las diferentes estructuras que conforman

al ser humano deportista (Seirul-lo et al., 2017; Tarrago et al., 2019).

El balonmano es un deporte colectivo de contacto y de alta intensidad cuya
produccién cientifica en el area del rendimiento deportivo todavia es escasa si es
comparada con otros deportes de equipo. Esto se demuestra cuando, por ejemplo, en
Pubmed, se escribe la sintaxis Handball and Performance (871 referencias) y en cambio
en voleibol (1199 referencias), rugby (2097 referencias), baloncesto (2614 referencias) o

fatbol (6951 referencias), los resultados reportados son muy superiores.

Estableciendo una breve cronologia sobre la evolucién de las aportaciones
cientificas al estudio del rendimiento deportivo en el balonmano, observamos que ésta se
relaciona directamente con la propia evolucion de los medios tecnoldgicos para el registro
y analisis de las variables de rendimiento, con especial atencion a aquellas referidas a la
carga interna y externa, ya sea en laboratorio (Matthys, Fransen, et al., 2013; Krlger et
al., 2014), en entrenamiento o en situaciones de competicion simulada (Michalsik et al.,
2013; Povoas et al., 2014). En relacion a la carga interna, hasta la fecha y bajo nuestro
conocimiento, todos los estudios se han realizado en condiciones de laboratorio (Chelly
et al., 2011; Manchado et al., 2013), de entrenamiento (Michalsik et al., 2014) o con
herramientas low cost en base a la percepcion subjetiva del esfuerzo (Feriche et al., 2002;
Cuadrado-Reyes et al., 2012). En relacion a la valoracién de la carga externa, ésta ha
evolucionado desde los métodos mas clésicos y poco inmediatos como la anotacion
manual (Michalsik et al., 2013) o el video tracking (Cardinale et al., 2017; Povoas et al.,
2014) hasta los altimos estudios que utilizan la tecnologia IMU (Inertial Measurement

Units), superando por lo tanto aspectos determinantes como disponer de toda la
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informacién de manera casi inmediata, ecoldgica, especifica y méas exacta que las
tecnologias anteriores (Barbero et al., 2014; Wik et al., 2017; Luteberget, Trollerud, et
al., 2018; Kniubaite et al., 2019; Manchado et al., 2020; Ortega-Becerra et al., 2020).
Finalmente, conviene mencionar también a los estudios observacionales que analizan
especificamente el componente tactico del juego con el objeto de determinar qué variable
0 conjunto de éstas pudieran influenciar en el rendimiento del equipo a nivel ofensivo
(Lozano et al., 2016; Jiménez-Salas et al., 2020a), defensivo (Prudente et al., 2010; Fasold
& Redlich, 2018) o en las diferentes fases del juego (Daza et al., 2017). Bajo este
contexto, el objetivo de esta tesis doctoral es analizar, desde una perspectiva
multidimensional, el rendimiento deportivo de un conjunto de jugadores de balonmano
del FC Barcelona de maximo nivel competitivo en sus respectivas categorias. Desde el
paradigma de las estructuras del humano deportista (Seirul-lo et al., 2017) y siguiendo la
linea de investigacion realizada en el propio club en otros deportes de equipo (Gomez et
al., 2019; Tarrag6 et al., 2019; Pons et al., 2020), se intentara aportar, por primera vez,
informacion basada en la evidencia cientifica para que pueda ser aplicada por los

presentes y futuros entrenadores del balonmano formativo y de élite.

La tesis se ha dividido en cuatro estudios cientificos, tres de ellos publicados en
la revista Biology of Sport (IF: 4,606; Q1 Sport Sciences), y el otro en la revista
Sustainability en el nimero especial “Sports Psychology and Performance” (IF: 3,889;
Q2 Environmental Sciences).

El primer estudio tiene por objeto describir las variables de carga externa que
soportan los jugadores de balonmano de élite en funcion de su posicion de juego. Como
novedad a nivel mundial, se valord la carga externa mediante tecnologia IMU en situacion
real de competicion oficial. De esta manera, se analizaron a 16 jugadores top mundiales
(5 extremos, 2 centrales, 6 laterales y 3 pivotes) durante 14 partidos de liga regular en
ASOBAL. Las variables analizadas fueron: el tiempo de juego, la carga asumida por el
jugador o “player load”, determinadas variables derivadas de la aceleracion y la distancia
recorrida en funcién de la intensidad de desplazamiento. Las conclusiones del estudio
fueron que no se debe entrenar bajo los mismos parametros de carga externa a todos los
jugadores, ya que cada posicion condiciona unas determinadas demandas. Gracias a este
estudio, los entrenadores poseen ahora, por primera vez, valores de referencia durante la
competicion de uno de los mejores equipos de balonmano del mundo. Esto deberia

servirles para optimizar los procesos de adaptacion a la carga durante el entrenamiento,
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individualizandola no sélo en funcién de las caracteristicas de cada jugador, sino

especialmente en funcion de su posicion de juego.

El segundo estudio se realizd bajo la pandemia del COVID-19, que golpe6 a
nuestra sociedad de una manera no experimentada hasta entonces, modificando la
realidad conocida hasta entonces por toda la humanidad. Esta tesis no fue ajena a dicho
impacto. De esta manera, dado que los jugadores del primer equipo de balonmano del FC
Barcelona tuvieron que estar confinados en casa de la misma manera que el resto de la
sociedad, se les programo un plan de preparacion fisica de 9 semanas a realizar en sus
respectivas casas. El objeto del estudio fue comprobar si los efectos de este entrenamiento
en casa habian sido efectivos, 0 no. Asi, se valoré antes y después la capacidad aerdbica
y la capacidad de salto vertical de 11 jugadores cuyos resultados mostraron que el trabajo
individualizado fue éptimo para mantener la capacidad de salto, pero insuficiente para
mantener la capacidad aerdbica. A partir de estos resultados se pudieron constatar los
principales efectos del desentrenamiento debido a la COVID-19 en un grupo de jugadores
profesionales de balonmano de maximo nivel competitivo. Finalmente, a nivel aplicado,
gracias a estos resultados y con el soporte de los hallazgos del primer estudio, se pudo
programar durante la postemporada, con el objeto de llegar en las mejores condiciones a
la pretemporada, un trabajo integral e individualizado para cada jugador, configurado a
partir de cada posicion de juego y haciendo especial énfasis en recuperar sus aptitudes

aerobicas.

El tercer estudio tuvo por objeto analizar el comportamiento tactico grupal del
primer equipo de balonmano del FC Barcelona. Para ello, a través de la metodologia
observacional (Hernandez-Mendo & Anguera, 1999), se cre6 y validd una herramienta
ad hoc mediante la cual se analizaron 14 partidos oficiales en una misma temporada
regular de la liga ASOBAL y CHAMPIONS LEAGUE obteniendo un registro de 2581
secuencias. Asi, se analizaron las posibles relaciones entre los comportamientos focales
de éxito y de fracaso, contrapuestos con otros comportamientos de rendimiento a través
de la técnica de coordenadas polares (Anguera, 1997). Los resultados nos mostraron que
la clave para conseguir la victoria en los partidos fue conseguir el éxito en la fase
defensiva para poder recuperar el balon y tener opciones de ir a la fase del contraataque,
siendo ésta la fase donde se podia obtener un gol con mayor claridad. Con esto, los

entrenadores deberian incidir, especialmente, en incrementar la eficacia de las fases
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defensiva y de contrataque, claro esta sin obviar el hecho de contemplar de igual modo el

entrenamiento de las otras dos restantes (fases de ataque y de defensa de transicién).

El cuarto y ltimo estudio, y que cierra esta tesis doctoral, incidio en la valoracién
de la carga externa e interna durante los microciclos competitivos. Al cuerpo técnico le
interesaba conocer si el equipo estaba recibiendo el estimulo adecuado para rendir al
méaximo nivel los dias de competicion. 15 jugadores del equipo filial del club (5 extremos,
2 centrales, 4 laterales y 2 pivotes) fueron monitorizados durante 11 partidos y 25
microciclos (semanas). La distancia total recorrida, los metros recorridos a alta intensidad
(>18,1 km-h?), el player load y la percepcion subjetiva del esfuerzo, fueron registrados.
Los resultados obtenidos mostraron que durante el microciclo volvian a existir diferencias
significativas de carga externa segln cada posicién de juego. También que dicha carga
externa durante los entrenamientos era diferente al ser comparada con la realizada el dia
de la competicién. Una situacion que, en relacion a la carga interna (percepcion subjetiva
del esfuerzo manifestada por cada jugador) no repetia el mismo patron, no habiendo
diferencias percibidas por los jugadores entre los dias de entrenamiento y el de
competicion. Estos resultados ayudaron al cuadro técnico, de nuevo, a optimizar la carga
de entrenamiento externa individualmente para cada jugador. También para dimensionar,
relativizandola, la informacién sobre el esfuerzo percibido reportada por los jugadores.
Estos, muy probablemente por su elevado nivel condicional y bagaje previo adquirido en
cada una de sus posiciones de juego, no eran capaces de discriminar subjetivamente las

constatadas diferencias que si se reflejaban a nivel de carga externa.

Con todo, gracias a la presente tesis basada en el compendio de cuatro
publicaciones, se ha podido aportar conocimiento cientifico aplicado a la mejora y
optimizacion de los procesos de entrenamiento y de competicion en el balonmano. Bajo
nuestro conocimiento, se aportan por primera vez valores de referencia tanto de carga
interna como externa de jugadores de élite mundial, segregados por posiciones de juego
en situacion tanto de entrenamiento como de competicion real. Esto deberia servir tanto
a la comunidad nacional como internacional del balonmano, para seguir mejorando e
impulsando, bajo criterios de evidencia cientifica, el analisis de la complejidad que
supone optimizar integramente las diferentes estructuras que conforman al ser humano

deportista, en este caso al jugador de balonmano.
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Abstract

Scientific research in the field of sports performance bases part of its objectives on the
analysis of those factors that could condition, or even determine, the level of performance
of an athlete or group of athletes during training or competition (Lago et al., 2011).
Nowadays, thanks to the contributions of Francisco Seirul-lo, professor at INEFC
Barcelona, physical trainer and ideologist of structured training and world reference at
the hands of FC Barcelona, the study and analysis of the area of sports performance in
team sports has evolved towards specificity, individualization, global approach and
differential learning, all while respecting the different structures that make up the human
athlete (Seirul-lo et al., 2017; Tarrago et al., 2019).

Handball is a high-intensity, collective contact sport whose scientific production
in the area of sport performance is still much lower compared to other team sports. This
is demonstrated when, for example, in Pubmed, the syntax “Handball and Performance”
is written (871 references) and in contrast to volleyball (1199 references), rugby (2097
references), basketball (2614 references) or football (6951 references), the reported

results are much higher.

Establishing a brief chronology of the evolution of scientific contributions to the
study of sporting performance in handball, we observe that this is directly related to the
evolution of the technological means for the recording and analysis of performance
variables, with special attention to those referring to internal and external load, whether
in the laboratory or in the field of sporting performance (Matthys, Fransen, et al., 2013;
Kriiger et al., 2014), in training or simulated competition situations (Michalsik et al.,
2013; Povoas et al., 2014). With regard to internal loading, to date and to our knowledge,
all studies have been carried out under laboratory conditions (Chelly et al., 2011;
Manchado et al., 2013), training (Michalsik et al., 2014) or with low-cost tools based on
subjective perception of effort (Feriche et al., 2002; Cuadrado-Reyes et al., 2012). In
relation to the assessment of the external load, this has evolved from the more classical
and not very immediate methods such as manual annotation (Michalsik et al., 2013) or
video tracking (Povoas et al., 2014; Cardinale et al., 2017) to the latest studies using IMU
(Inertial Measurement Units) technology, thus overcoming decisive aspects such as
having all the information available in an almost immediate, ecological, specific and more

accurate way than previous technologies (Barbero et al., 2014; Wik et al., 2017
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Luteberget, Trollerud, et al., 2018; Kniubaite et al., 2019; Manchado et al., 2020; Ortega-
Becerraetal., 2020). Finally, it is worth mentioning observational studies that specifically
analyse the tactical component of the game in order to determine which variable or set of
variables might influence the team's offensive performance (Lozano et al., 2016; Jiménez-
Salas et al., 2020a), defensive (Prudente et al., 2010; Fasold & Redlich, 2018) or in the
different phases of the game (Daza et al., 2017).

The aim of this doctoral thesis is to analyse, from a multidimensional perspective,
the performance of a group of FC Barcelona handball players at the highest competitive
level in their respective categories. From the paradigm of the structures of the human
athlete (Seirul-lo et al., 2017) and following the line of research carried out in the club
itself in other team sports (Gémez et al., 2019; Tarrago et al., 2019; Pons et al., 2020),
will try to provide, for the first time, information based on scientific evidence so that it

can be applied by present and future coaches of elite and formative handball.

The thesis has been divided into four scientific studies, three of which have
already been published in the journal Biology of Sport (IF: 4,606; Q1 Sport Sciences),
and the other in the journal Sustainability in the special issue "Sports Psychology and

Performance” (IF: 3,889; Q2 Environmental Sciences).

The first study aims to describe the external load variables of elite handball players
depending on their playing position. As a world first, the external load was assessed using
IMU technology in a real situation of official competition. In this way, 16 top world
players (5 wings, 2 centre backs, 6 backs and 3 pivots) were analysed during 14 regular
league matches in ASOBAL. The variables analysed were: playing time, player load,
certain variables derived from acceleration and the distance travelled as a function of the
intensity of displacement. The conclusions of the study were that not all players should
be trained under the same external load parameters, as each position makes certain
demands. Thanks to this study, coaches now have, for the first time, reference values
during the competition of one of the best handball teams in the world. This should help
them to optimise the process of adapting to the load during training, individualising it not
only according to the characteristics of each player, but especially according to their

playing position.

The second study was performed under the COVID-19 pandemic, which hit our

society in a way not experienced until then. This doctoral thesis was not immune to this
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impact. In this way, given that the players of the first FC Barcelona handball team had to
be confined at home in the same way as the rest of society, a 9-week physical conditioning
plan was scheduled for them to carry out in their respective homes. The aim of the study
was to check whether the effects of this home training had been effective or not. Thus,
the aerobic capacity and vertical jumping capacity of 11 players were assessed before and
after, and the results showed that the individualised work was optimal for maintaining
jumping capacity but was an insufficient stimulus for maintaining aerobic capacity. From
these results, the main effects of detraining due to COVID-19 in a group of professional
handball players at the highest competitive level could be ascertained. Finally, at the
applied level, thanks to these results and with the support of the findings of the first study,
it was possible to programme during the post-season, with the aim of arriving in the best
conditions for the pre-season, a comprehensive and individualised workout for each
player, configured from each playing position and with special emphasis on recovering

their aerobic aptitudes.

The third study aimed to analyse the group tactical behaviour of the FC Barcelona
first handball team. For this purpose, through observational methodology (Hernandez-
Mendo & Anguera, 1999), an ad hoc tool was created and validated by means of which
14 official matches were analysed in the same regular season of the ASOBAL league and
Champions League, obtaining a record of 2581 sequences. Thus, we analysed the possible
relationships between focal behaviours of success and failure, contrasted with other
performance behaviours through the polar coordinates technique (Anguera, 1997). The
results showed that the key to achieving victory in the matches was to achieve success in
the defensive phase in order to recover the ball and have options to go to the counter-
attack phase, being this the phase where a goal could be obtained with greater clarity.
This indicates that the tasks set by the coaches in training sessions should focus especially
on increasing the effectiveness of the defensive and counterattack phases, without, of
course, ignoring the fact that the training of the other two phases (attack and transition

defence phases) should be considered in the same way.

The fourth and last study, which closes this doctoral thesis, focused on the
assessment of the external and internal load during competitive microcycles. The
coaching staff was interested in knowing whether the team was receiving the right
stimulus to perform at the highest level on the days of competition. 15 players from the

club's reserve team (5 wings, 2 centre backs, 4 backs and 2 pivots) were monitored over

XVII



11 matches and 25 microcycles (weeks). Total distance run, metres run at high intensity
(>18.1 km-ht), player load and subjective perception of effort were recorded. The results
obtained showed that during the microcycles there were again significant differences in
external load according to each playing position. Also, that the external load during
training was different when compared to the external load on the day of the competition.
A situation that, in relation to the internal load (subjective perception of effort expressed
by each player) did not repeat the same pattern, with no differences perceived by the
players between training and competition days. These results helped the coaching staff,
again, to optimise the external training load individually for each player. They also helped
to dimension, by relativising it, the information on perceived exertion reported by the
players. These players, most probably due to their high conditional level and previous
knowledge acquired in each of their playing positions, were not able to subjectively

discriminate the differences that were reflected in the external load.

However, thanks to this doctoral thesis based on the compendium of four
publications, it has been possible to provide scientific knowledge applied to the
improvement and optimization of training and competition processes in handball. To our
knowledge, reference values for both internal and external load of world elite players are
provided for the first time, segregated by game position in both training and real
competition situations. This should serve both the national and international handball
community, to continue improving and promoting, under scientific evidence criteria, the
analysis of the complexity involved in fully optimizing the different structures that make

up the human athlete, in this case the handball player.
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1. Introduccién

1.1. El balonmano

El balonmano actual es un deporte donde juegan dos equipos formados por 7 jugadores
de pista (6 jugadores de campo y un portero) con el objetivo de hacer mas goles en la
porteria contraria que el rival y recibir los minimos posibles. La duracion del partido esta
formada por dos partes de 30 minutos cada una con un descanso entre 10 o 15 minutos
en funcion de la competicion. Una caracteristica importante de las normativas actuales,
gue nos pueden ayudar a entender el ritmo de juego y su intensidad, es que los cambios
entre jugadores son ilimitados y sin tener que parar el tiempo para realizarlos. Esta norma
es muy diferente a la mayoria de los deportes. Las reglas han ido evolucionando a lo largo
de la historia, haciendo que, hoy, sea un deporte mas dinamico y rapido que el de sus
origenes.

Otras de las principales caracteristicas, es que la relacién con el balén siempre
tiene que ser con las manos, a excepcion del portero. Este Gltimo es el Unico que puede

estar tanto dentro del &rea, sin que sea falta, como fuera de ella.

El origen del balonmano no es muy claro ya que, a lo largo de la historia, ha habido
muchos juegos que podrian ser antecesores suyos. En la antigua Grecia se jugaba al
“Juego de Urania” y en la Roma clésica el “Harpastum”. Posteriormente, en la edad
media, un juego denominado el “Primer Juego del Verano” tenia un gran parecido al
balonmano. Todos estos juegos, fueron evolucionando sobre todo en el centro y norte de
Europa. Cada uno tenia sus reglas y sus costumbres. No es hasta a finales del siglo XIX,
que el danés Holger Nielsen empez6 a unificar y crear unas reglas Unicas. La primera vez
que se publicaron, fue el 1906 y, hoy en dia, se consideran las antecesoras de las reglas
actuales del balonmano. Estas reglas siguieron evolucionando, y en el 1917, los alemanes
Max Heiser, Karl Schelenz y Erich Konigh crearon una version mas moderna y
actualizada. Dos afios mas tarde, el también aleman Schelenz, las sigui6 evolucionando.
En 1926, se establecio un reglamento internacional de Balonmano y en 1928, 11 paises
fundaron la Federacion Internacional Amateur de Balonmano, organismo que en 1946 se

convirtié en la Federacion Internacional de Balonmano.

En las Olimpiada de Berlin, 1936, el balonmano se disputaba 11 jugadores contra
11, en el mismo terreno de juego al aire libre que el futbol. Pero debido a su alta practica

en el norte de Europa y a sus condiciones climatoldgicas, se empez a practicar dentro de
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1. Introduccién

pabellones, modificando sus reglas. Este evolucioné en una reduccion de los jugadores,
hasta los 7 por equipo actual, y se transformo a un deporte mucho mas rapido y dinamico
incrementando su practica y popularidad en el resto del continente. En la actualidad, el
balonmano es un deporte Olimpico practicado por hombres y mujeres, aunque con una
mayor practica en el continente europeo, es practicado en todos los continentes. A nivel
de competiciones de clubs, hay a nivel nacional, a nivel continental y a nivel mundial. A
nivel de selecciones nacionales, hay campeonatos de Europa y del Mundo que se disputan
cada dos afios de forma alterna y forma parte del programa Olimpico como ya se ha

mencionado.

1.2. El entrenamiento estructurado

En el entrenamiento deportivo, independientemente del nivel del equipo o de los
jugadores, han existido diferentes filosofias y teorias que han ido evolucionando a lo largo
de la historia. Estas teorias nos han indicado como planificar y organizar los
entrenamientos a nivel condicional, de las cualidades fisicas basicas, a nivel técnico y a
nivel tactico principalmente. Estas teorias han servido de guias a los entrenadores y
preparadores fisicos, sobre todo, para preparar a los jugadores en sus diferentes facetas

para la competicion o para su evolucion como deportistas.

Tradicionalmente, estas teorias del entrenamiento se han basado en los deportes
individuales. Stiff y Verkhoshansky (Stiff & Verkhoshansky, 2000); Matveev (Matveev,
2001), Platonov (Platonov, 2001) han sido algunos de los referentes. Uno de los
principales problemas ha sido que estas teorias no estaban adaptadas a los deportes de
equipo. El deporte de equipo, a diferencia del deporte individual, esta lleno de acciones
de incertidumbre, de cambios de ritmo, de movimientos no ciclicos, de caos, de
perturbaciones, de toma de decisiones, etc. donde hay que adaptarse continuamente a un
movil, a lo que hace el rival y a los compafieros de equipo. Existe un abanico mucho més
amplio de variabilidad tanto a nivel técnico-tactico como a nivel motriz. Basandose en la
teoria de los sistemas complejos (Hristovski et al., 2012; Torrents & Balague, 2018), se
han creado otros modelos de entrenamiento mucho mas adaptados a estas necesidades de

incertidumbre y variacion propias de los deportes de equipo.
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Uno de estos modelos es el entrenamiento estructurado (EE), basado en las teorias
del profesor Seirul-lo (Seirul-lo et al., 2017). A partir de sus ideas surge, en el 1991 en el
INEFC de Barcelona, un grupo ideol6gico formado en sus inicios por Paco Seirul-lo,
Xesco Espar, Marcel-li Massafret y posteriormente por Gerard Moras, Josep Maria
Padullés, Julio Tous, Dani Romero y Joan Solé donde desarrollan esta filosofia de trabajo
centrada en los deportes de equipo. La teoria del EE se basa en las relaciones que existen
entre las diferentes estructuras del humano deportista (HD) y la accidon motora en su
practica deportiva adaptada a cada deporte. Se entiende el HD como un sistema biolégico
dindmico complejo donde todas las partes del sistema y sus diferentes aplicaciones al
movimiento se interrelacionan, teniendo clara la premisa que la suma de las partes es
mucho mejor para el resultado final (Tarrago et al., 2019). El gran paradigma de esta
teoria es evolucionar el entrenamiento racional, analitico, lineal y cuantitativo hacia un
entrenamiento mas intuitivo, sintético, holistico, no lineal, cualitativo y adaptado a cada
deporte (Seirul-lo et al., 2017).

ENTRENAMIENTO ESTRUCTURADO (EE)

ESTRUCTURAS DEL
HOMBRE DEPORTISTA (HD)
OFTIMIZADOR COADYUVANTE

Para poder competir y _

rendir al maximo nivel Optimizar Para poder entrenar y
Variabilidad maximizar las potencialidades
Especificidad

OPTIMITZAR EL HOMBRE COMPENSAR LA COMPETICION Y
DEPORTISTA (HD) SITUACIONES SIMULADORAS ENTRENAR EL HD
PREFERENCIALES

Figura 1. El entrenamiento estructurado. Adaptado de Tarragé et al. (2019).

El EE se organiza en dos grandes areas: el entrenamiento coadyuvante (Gomez et al.,
2019) y el entrenamiento optimizador (Pons et al., 2020). Las diferencias de estas areas
es que el coadyuvante son todos los entrenamientos donde buscamos que el deportista
consiga una proteccion de salud que le permita resistir cada dia las propuestas del

entrenamiento optimizador (Tarrag6é et al., 2019). A parte, también son todos los
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entrenamientos que buscan potenciar todas las estructuras y sistemas que exige la
especialidad deportiva y que hacen que el deportista consiga el nivel de rendimiento
deseado. Su principal objetivo es preparar al HD para poder entrenar y, a su vez, mejorar
las estructuras y sistemas que nos van a ayudar a mejorar el rendimiento del jugador, a

partir de elementos que, a priori, no son especificos del juego.

ENTRENAMIENTO COADYUVANTE (EC)

< EC DE CUALIDADES
EC PREVENTIVO EC DE RESTAURACION ECESTRUCTURAL
ESPECIFICAS
EC Primario o grupal ic Atdlap.tacmn - Desplazamiento
EC Secundario o Eg?-{iomrltca . - - Saltr:)
individual pertrofia aplicada - Luc”a ,
- EC Metabdlico - Accion con el balén
Conseguir en cada
. o o 7 manifestacion el grado mas
Busca corregir, ajustar, anticipar, P i % Busca modificar la morfologia SO S
Su objetivo es optimizar todos 8 elevado de eficacia y eficiencia
controlar y proteger de los ¥ i corporal del HD, a partir de sus i
: los medios de recuperacién del ] PO neuromuscular  especifica vy
factores internos y externos que ) . variables antropométricas .
SN 3 HD después del entrenamiento R proporcionar el desarrollo y
poden constituir un riesgo de R basando en el trabajo de fuerza S
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Figura 2. El entrenamiento coadyuvante. Adaptado de Gomez et al. (2019).

Por otro lado, el entrenamiento optimizador es el que prepara al deportista para competir,
realizando tareas especificas de cada deporte con sus elementos propios y en el mismo
entorno (Tarragd et al., 2019). Este entrenamiento incluye la planificacion, el disefio, la
ejecucion y el control de las tareas para mejorar el rendimiento del HD en las
competiciones en las que participe (Pons et al., 2020). El entrenamiento optimizador se
basa en generar situaciones simuladoras preferenciales propias de cada deporte que
buscan generar acontecimientos que predispongan a un estado de accion y respuesta en
un entorno creado que invita a la imitacion de los comportamientos que seran simuladores
del deporte practicado y que inciden en las diferentes estructuras que configuran al HD
(Pons et al., 2020). De esta manera, se basa en un entrenamiento de las cualidades fisicas
basicas adaptado de diferentes autores (Moras, 1994; Seirul-lo, 1998; Schelling & Torres-
Ronda, 2016; Gomez et al., 2019).
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ENTRENAMIENTO OPTIMIZADOR (EO)

|
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Des.acelerac'ione.s, Desequilibrar Acciones en suspension Pasada
Can.1b|os de Dlrfeccton Agarrar Impulsos Chut
Cambios de Amplitud y de Empujar Recepciones Control

frecuencia de apoyos
Control de la carrera

Figura 3. El entrenamiento optimizador. Adaptado de Pons et al. (2020).

Dentro del entrenamiento coadyuvante de cualidades especificas y el entrenamiento
optimizador, las tareas que se plantean para mejorar las diferentes manifestaciones, tienen
un grado de especificidad en funcion de la semejanza que tienen con el gesto técnico del
deporte (Schelling & Torres-Ronda, 2016). Es importante tener claro que estos niveles de
aproximacion van a ir evolucionando en funcion del conocimiento que tengamos del

deporte y en funcidn de nuestra experiencia profesional y/o académica.

NIVELES DE APROXIMACION

NIVEL 5 Ejercicios de orientacién competitiva
ENTRENAMIENTO
OPTIMIZADOR
Ejercicios de orientacion especial, propios y especificos del deporte
NIVEL 4 practicado
NIVEL 3 Ejercicios técnicos donde existe la cooperacién-oposicion sin toma de
ENTRENAMIENTO decision o con toma de decision simple
COADYUVANTE -
DIRIGIDO
NIVEL 2 Ejercicio que imita el gesto técnico pero con una pequefia sobrecarga
NIVEL 1 Ejercicios clasicos con cierta similitud con el gesto técnico del deporte practicado
Egg::sm;‘,\go NIVEL 0+ Ejercicios que trabajan la musculatura principal del gesto técnico pero de forma inespecifica a
GENERAL (orientado) diferentes velocidades, recorridos y cargas
NIVEL O : s A A :
(N Orientad ) Trabajo de la musculatura que no estd implicada en el gesto técnico de forma primordial
o Urientado

Figura 4. Niveles de aproximacion. Adaptado de Gémez et al. (2019).
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No hay una teoria que nos acerque mas al éxito que otras en el deporte y, dentro de
una misma filosofia de trabajo, hay muchos matices y ramificaciones. Pero esta claro que
el EE es una de las metodologias mas aplicadas, hoy en dia, en los deportes de equipo ya
que naci6 pensada para ellos. Un ejemplo es el FC Barcelona, un club compuesto por
diferentes secciones profesionales con éxitos deportivos a nivel nacional, europeo e
internacional (Futbol Masculino, Futbol Femenino, Futbol Sala, Baloncesto, Balonmano
y Hoquei Patines). Dentro del club, el Area de Rendimiento ha aplicado esta metodologia
de trabajo, desarrollando tantos los conceptos tedricos (Gomez et al., 2019; Tarrago et al.,
2019; Pons et al., 2020) como su aplicabilidad en los entrenamientos deportivos.
Teniendo siempre presente la especificidad, la variabilidad, la optimizacién, integrando
en las tareas propuestas las diferentes estructuras del deportista y planteando una correcta

evolucion de los ejercicios para finalizar con las situaciones simuladoras preferenciales.

1.3. Las estructuras del deportista

Para poder preparar al HD de la forma méas optima posible para resistir la carga de la
competicién y poder soportar los entrenamientos, hay que trabajarlo en todas sus
estructuras. Eso significa que, en todas las tareas planteadas, hay que tener en cuenta todas
las partes del HD. Seirul-lo et al., (2017) adapto las teorias de los sistemas dindmicos al
entrenamiento de los deportes de equipo, proponiendo diferentes estructuras de los
jugadores que son interdependientes y que actian durante la practica deportiva en el
contexto propio de los deportes de equipo. Dentro del EE, las diferentes estructuras que

forman al jugador son (Tarrago et al., 2019):

- Estructura bioenergética. Estd relacionada, como su nombre indica, a las vias
energéticas. Aporta y renueva la bioenergia haciendo posible el desarrollo de todas
las estructuras (Michalsik et al., 2014; Colosio et al., 2020).

- Estructura cognitiva. Es responsable del proceso de percepcidn-accion. Su
funcionabilidad se manifiesta en la eficiencia de captar, identificar y tratar la
informacidn relevante, relacionada con el entorno del deporte. Se suele relacionar
con el concepto de la tactica (Rico-Gonzalez et al., 2020).

- Estructura coordinativa. Esta relacionada con la movilidad, lateralidad vy
disociaciones. Su funcionabilidad se manifiesta con la posibilidad de ejecutar el

movimiento deseado de una forma eficiente, sean cuales sean las condiciones del
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entorno en las que se tenga que realizar, con la mejor relacion con la técnica. Busca
eficacia y eficiencia (Vickers, 2007).

Estructura condicional. Tiene relacion con las capacidades motrices. Su
funcionabilidad se manifiesta por medio de la capacidad de generar tension
intramuscular (fuerza) y las diferentes relaciones con el espacio tiempo de la
velocidad y resistencia. Se corresponde a las acciones musculares que nos van a
generar el movimiento (Harper et al., 2019).

Estructura creativa. Esta relacionada con la capacidad expresiva y las relaciones
interpersonales que aparecen en la competicion y el entrenamiento. Esta estructura
construye las formas de comunicacién que son Utiles y necesaries en el deporte. Tiene
relacién con la mayor calidad y experiencia de los jugadores (Kannekens et al., 2009),
y el desarrollo creativo de los jugadores en el campo (Orth et al., 2017).

Estructura socioafectiva. Tiene que ver con la relacion e identificacion con los
comparieros y el rol que realiza cada uno. Su funcionabilidad se manifiesta con la
calidad y la estabilidad de las relaciones interpersonales fundamentadas en los
sentimientos y efectos que se producen durante la practica deportiva. Es una de las
estructuras importantes a trabajar dentro de los deportes de equipo, muy diferente en
los deportes individuales (Gorman et al., 2017; Steiner et al., 2017).

Estructura emotivo-volitiva. Esta relacionada con los sentimientos propios y los
diferentes estados de animo. Identifica, regula y encausa todas las emociones y
deseos que impulsan a movernos o a no hacerlo. Estructura relacionada con el
esfuerzo, la dedicacion necesaria para obtener los objetivos deseados. Va asociada a
la auto-estructuracion (Pérez & Gutierrez-Braojos, 2012) e intentar que el jugador
tenga una retroalimentacién positiva y nunca negativa que no le permitiria seguir con
el proceso de aprendizaje que es el entrenamiento.

Estructura mental. Esta relacionada con la autoorganizacion que el jugador tiene de
las estructuras. Combinacién y recombinacion de facultades cognitivas que posibilita

la autoconsciencia y el pensamiento evolutivo de todos los mundos de nuestro existir.

Hay que entender que las diferentes estructuras se relacionan con los diferentes sistemas

que nos podemos encontrar durante la practica deportiva. Por tanto, un correcto trabajo

de todas las estructuras nos puede permitir una evolucion del HD debido a la optimizacion

equilibrada de todas ellas. Si podemos conseguir esto, los jugadores van a poder crear
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estructuras de diferentes niveles de sistemas dentro de sistemas. Con el entrenamiento
buscamos proponer diferentes situaciones donde se produzca el desequilibrio de alguna
estructura para que el jugador sea capaz de su auto estructuracion y optimizar, de esta

forma, su entrenamiento (Arjol, 2012).
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Figura 5. Estructuras del humano deportista (adaptado de Tarragé et al., 2019).

1.4. Control de la carga en los deportes de equipo

Para analizar si los jugadores consiguen adaptarse a las necesidades que nos pide la
competicion, y para ver si realmente somos capaces de prepararlos en todas sus
estructuras, hace falta analizar lo que sucede tanto en el entrenamiento como en la
competicion. Esta variable la entendemos como carga de entrenamiento y lo que se busca
es manipularla para obtener una respuesta deseada al entrenamiento propuesto

(Impellizzeri et al., 2019).

Siempre se ha entendido que el 100% de la intensidad de trabajo es la competicion,
sobre todo des de un prisma de los deportes individuales. A partir de aqui, se busca
realizar un ciclo de sobrecarga y compensacion para llegar a la competicion en el mejor
estado de forma posible realizando una fase de tapering (Mujika & Padilla, 2003; Bosquet
etal., 2013; Vachon et al., 2021). Este modelo teorico es bastante éptimo para los deportes

individuales donde no suele haber competicion cada microciclo. Pero en los deportes de
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equipo, donde suele haber un partido durante la semana, se entiende de una forma global
de macrociclo, y a su vez, microciclo a microciclo. Si el equipo es de nivel profesional
que disputa competicion nacional mé&s competicion continental, puede que dispute dos
partidos durante la semana. Esto nos da muchas variantes dentro de la planificacion de la
temporada y, mas concretamente, dentro del microciclo. A parte, para realizar la
planificacion, es importante saber el nivel de los rivales para poder ajustar los mesociclos
y microciclos de trabajo en funcion del nivel de nuestro equipo y nuestros objetivos
finales. Podemos encontrarnos con un principio del microciclo donde podemos realizar
un trabajo de sobrecarga pues la competicion importante es durante el fin de semana o
podemos tener la competicion importante dentro de la semana teniendo que hacer un

trabajo de sobrecarga por detras de este partido.

La clave es saber que necesidades tienen nuestros jugadores a nivel de carga
interna y de carga externa en la competicion y si estamos preparandolos de una forma
Optima durante los entrenamientos analizando los entrenamientos y los partidos para
disponer del mayor nimero de variables controladas para tener una vision lo mas global

posible.

1.4.1. Cargainterna

Cuando hablamos de carga interna, entendemos el conjunto de exigencias psicoldgicas y
bioldgicas para poder realizar la actividad fisica (Gonzélez Badillo & Gorostiaga, 1995).
Con el entrenamiento, buscamos generar adaptaciones al organismo de los jugadores para
prepararlos para soportar la carga que nos vamos a encontrar en la competicion
(Impellizzeri et al., 2019). Hay muchas investigaciones en el deporte que han analizado
que sucede a nivel de carga interna durante el entrenamiento y la competicion midiendo
variables como la frecuencia cardiaca (Berkelmans et al., 2018; McLellan et al., 2011), el
nivel de lactato en sangre (Meyer et al., 1999) o el VO2max (Vollaard et al., 2009). Otras
investigaciones, se han centrado en controlar de forma subjetiva el estado de fatiga de los
jugadores a través del rate of perceived exertion o RPE (Foster et al., 2001, 2021) o a

través de diferentes cuestionarios (Heidari et al., 2019).

El control de la frecuencia cardiaca es una herramienta que ha sido ampliamente

estudiada y analizada dentro del entrenamiento y las adaptaciones fisiologicas que
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generamos a nuestros deportistas (Schneider et al., 2018). Se ha utilizado en multiples
investigaciones de forma analitica en diferentes pruebas (Achten & Jeukendrup, 2003;
Buchheit, 2014), como pueden ser el test 30-15 (Buchheit, 2010), el yo-yo test (Bangsbo
et al., 2012), o el test de carrera progresiva submaxima (Léger et al., 1988) para ver el
estado de los jugadores (Aubert et al., 2003; Michael et al., 2017; Schneider et al., 2018),
valorando su fatiga y las adaptaciones que estamos generando (Buchheit, 2014; Thorpe
et al., 2017), analizando lo que ocurre en los entrenamientos (Alexandre et al., 2012;
Berkelmans et al., 2018) o en partidos amistosos (Garcia et al., 2012). En la actualidad,
hay muchas tecnologias que nos permiten realizar su control y analisis (Naranjo et al.,
2015; Perrotta et al., 2017; Schneider et al., 2018) usandose en competiciones oficiales
(McLellan et al., 2011) y obteniendo los resultados casi inmediatos para realizar su
analisis. Es un indicador validado, fiable y de facil uso para ver codmo afecta la carga
externa de manera fisioldgica a nuestros jugadores. A parte de analizar los datos obtenidos
con la frecuencia cardiaca, podemos buscar correlaciones con diferentes variables de
carga externa para ver si el entrenamiento que estamos proponiendo genera las
adaptaciones que buscamos (Delaney et al., 2018). A su vez, se ha utilizado este indicador
para ver el estado de forma de los jugadores en diferentes momentos de la temporada
como su estado de forma antes de empezar una pretemporada o ver su evolucion a lo largo

de esta (Boullosa et al., 2013; Campos-Vazquez et al., 2017).

Otra variable para controlar la carga interna utilizada ampliamente es la
acumulacidn de lactato en sangre (Halson, 2014). El nivel de lactato ha servido para ver
que necesidades metabdlicas existen en el deporte practicado sobre todo en los ciclicos
(Bosquet et al., 2001) pero también se ha validado en los deportes de equipo (Castagna et
al., 2010). Se ha analizado que estado de forma tienen los jugadores con esta variable al
empezar la pretemporada y al terminarla (Best et al., 2013; Los Arcos et al., 2018), se ha
hecho en diferentes tests de laboratorio méas analiticos e inespecificos (Tokmakids et al.,
1998; Kaya et al., 2013) o con test especificos para el deporte de equipo, como por
ejemplo en futbol (Akubat et al., 2018). Se ha demostrado en deportes de resistencia que
a mas entrenamiento, se mejora la forma de los deportistas disminuyendo los niveles de
lactato (Bosquet et al., 2001) siendo, a su vez, un buen indicador de la intensidad del
entrenamiento (Billat, 1996; Halson, 2014). Es importante saber que orientacion

metabdlica tiene nuestro deporte para luego reproducirlo en el entrenamiento analizando
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la carga interna que podemos encontrar a nivel de lactato en los diferentes ejercicios o
tareas que realizamos (Castagna et al., 2013). Lo ideal seria saber que carga interna nos
genera cada ejercicio en funcion de la posicion de juego o, a nivel individual, de cada
jugador y buscar su relacion con lo que sucede en la competicion (Rodriguez-Alonso et
al., 2003; Matthew & Delextrat, 2009). También se ha validado como un indicador grupal
del estado de forma de diferentes equipos del mismo deporte y competicién (Ziogas et
al., 2011).

Otra herramienta mucho mas low cost y cada vez mas utilizada para controlar la
carga interna de los jugadores es el RPE (Foster et al., 2001). Este ha sido estudiado para
demostrar su fiabilidad y su validez para el control de la carga de entrenamiento tanto en
deportes individuales (Wallace et al., 2009; Halson, 2014) como en deportes de equipo
(Scott et al., 2014; Crawford et al., 2018). Su objetivo es analizar el estrés psicologico del
gjercicio en el jugador (Figura 6), analizando la percepcién subjetiva de la fatiga a través
de la Escala de Borg (Scott et al., 2014; Foster et al., 2001). A partir de este dato,
multiplicado por los minutos de juego en el partido o de entrenamiento, podemos obtener
la carga total percibida por los jugadores de forma individual (Gomez-Diaz et al., 2013;
Gabbett, 2016). También se puede analizar su relacion con pardmetros de carga externa;
(Bartlett et al., 2017; Delaney et al., 2018) e interna como la frecuencia cardiaca o el nivel

de lactato en sangre (Halson, 2014; Foster et al., 2021).

ESCALA DE ESFUERZO DE BORG

0 Reposo total
1 Esfuerzo muy suave
2 Suave
3 Esfuerzo moderado
a Un poco duro
5

Duro
6
7
8 Muy duro
9
10 Esfuerzo maximo

Figura 6. Escala de esfuerzo de Borg CR-10.
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En la misma linea del RPE, existen los cuestionarios wellness test que también
son una herramienta econdmica, fiable y de muy facil aplicacion para ver las respuestas
de los jugadores durante el entrenamiento y el partido (Saw et al., 2016; Heidari et al.,
2019). Estos cuestionarios nos indican la percepcion subjetiva que tiene el deportista del
nivel de estrés y fatiga, importante para ver como toleran la carga de entrenamiento y la
competicién tanto a nivel fisioldgico y psicologico. A dia de hoy, son un tipo de prueba
muy importante para la valoracion del riesgo lesional de los jugadores (McCall et al.,
2016). Algunas investigaciones han determinado que sus respuestas son importantes para

predecir en el mes anterior a su evaluacién (Laux et al., 2015).

Si comparamos este indicador subjetivo con otros, se ha observado que es mas sensible a
las variaciones diarias de la carga de entrenamiento con otros marcadores como puede ser
la frecuencia cardiaca (Thorpe et al., 2016). A parte el nivel de fatiga tiene una elevada
correlacion con la distancia recorrida a nivel total siendo importante por la relacion

existente entre carga interna y carga externa (Thorpe et al., 2015, 2017).

1.4.2. Carga externa

Por lo que se refiere a la carga externa, es causada por la actividad y la competicion que
realizamos (Gonzélez Badillo & Gorostiaga, 1995). La carga externa suelen ser variables
en los deportes de equipo como: la distancia recorrida total, la intensidad de esta distancia,
el nimero de aceleraciones y desaceleraciones, metros recorridos en aceleracion y
desaceleracion, velocidad méxima, nimero e intensidad de los saltos y aterrizajes. Estas
variables son algunos de los ejemplos que se deberian extraer de los diferentes
entrenamientos propuestos por los entrenadores o preparadores fisicos para generar las
adaptaciones deseadas a nivel de carga interna en el organismo de los jugadores
(Impellizzeri et al., 2019). Con todo, antes de saber qué carga externa tienen que soportar
los jugadores, muchas investigaciones se han centrado para saber que perfil condicional
tienen los jugadores en el laboratorio. Con este perfil de cada deporte o jugador, lo que
se ha buscado es saber que valores hay que potenciar y trabajar mas en los entrenamientos
a la vez que valorar diferentes déficits de fuerza o de amplitud de movimiento, por
ejemplo, para intentar compensarlos y que no sea un factor lesivo (Lidor & Ziv, 2010;

Ramirez-Campillo et al., 2020).
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A nivel del control de la carga externa, a lo largo de la historia del entrenamiento,
las diferentes tecnologias para el control de esta han ido evolucionado en funcion del
acceso a nuevas herramientas de analisis o de control (Travassos et al., 2013). Una técnica
de andlisis utilizada para saber la carga externa de diferentes deportes ha sido el video
andlisis (video tracking). Es una técnica que ha evolucionado des de sus origenes (Van
Gool et al., 1988) hasta la actualidad (Castellano et al., 2014; Stojanovi¢ et al., 2018).
Para realizar esta técnica, hay que instalar camaras en el campo de entrenamiento y/o
juego o grabarlo con una camara convencional. Uno de los problemas para este sistema
puede ser la instalacion de estas camaras para que la filmacién sea automatica (Rico-
Gonzélez et al., 2020). Pero es una técnica ampliamente validada y fiable para realizar el
analisis del comportamiento de los jugadores en el campo (Barris & Button, 2008;
Castellano et al., 2014; Pino-Ortega et al., 2021). A partir del video anélisis, podemos
conseguir informacion de la carga externa y el perfil condicional del equipo y de cada
jugador vinculadas al estado de forma en funcidon de la posicion de juego (Mclnnes et al.,
1995; Di Salvo et al., 2007, 2010), la fatiga (Bradley & Noakes, 2013), el rendimiento a
nivel de acciones técnicas (Taylor et al., 2008), el tiempo efectivo de juego (Castellano
et al., 2011) o el porcentaje de posesion del balén (Lago, 2009). Estas variables siempre
van a estar vinculadas al time-motion y no obtendremos informacion o no podran ser
cuantificadas con precision a nivel de cambios de direccion, saltos, aceleraciones,

desaceleraciones, impactos... (Castellano et al., 2014).

Como hemos podido ver, todas estas tecnologias tienen un principal problema que
es la inmediatez de la informacion, hecho importante en el deporte de elite y no calculan
con precision todas las variables de carga externa importantes para saber la carga que
tienen que soportar los jugadores ya sea en competicion o en entrenamiento. Existe una
tecnologia que ha evolucionado en los ultimos afios que nos permite tener informacién en
directo de lo que esta sucediendo en el entrenamiento o en el partido o de forma muy
inmediata y nos da informacion fiable de muchas variables relacionadas con la carga
externa. Este sistema son los inertial measurements units (IMUs). Los IMUs estan
basados en microtecnologia (dispositivos inerciales formados por acelerometro,
giroscopio y mandmetro) y nos dan datos derivados de un acelerometro de tres ejes con
una frecuencia de muestreo alta (100 Hz) para la descripcion y cuantificacion de las

demandas fisicas sea partidos o entrenamientos. En los deportes outdoor, su uso ha sido
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mucho més facil debido a que se pueden utilizar los sistemas Global Positioning System
(GPS) utilizando para el posicionamiento de los jugadores los satélites espaciales (Silva
et al., 2016; Rico-Gonzalez et al., 2020). A nivel de deportes indoor, se ha tenido que
disefiar un sistema de antenas dentro de los pabellones, para poder simular los satélites
creando un Local Position Systems (LPSs). Estas antenas nos dan toda la informacion
referente al posicionamiento de los jugadores (Alarifi et al., 2016; Rico-Gonzélez et al.,
2020). La transmision de las ondas en estos dispositivos es de forma inalambrica y los
podemos clasificar en infrarrojos, radio frecuencias (Wi-Fi, Bluetooth y banda ultra ancha

0 UWB) y sistemas de ultrasonidos (Rico-Gonzélez et al., 2020).

El sistema UWB ha sido validado y demostrada su fiabilidad para los deportes
indoor (Bastida-Castillo et al., 2019; Pino-Ortega et al., 2021). A parte de las antenas, es
necesario que los jugadores lleven dispositivos receptores dentro de un peto en el pecho
Ilevando el transmisor en la parte posterior de la espalda (Vazquez-Guerrero et al., 2018).
La distancia se calcula a través de diferentes algoritmos de posicionamiento UWB. A
partir de esta tecnologia, podemos saber la intensidad de los desplazamientos, las
aceleraciones, desaceleraciones o velocidad de desplazamiento de los jugadores en
entrenamiento, por ejemplo, en baloncesto (Vazquez-Guerrero et al., 2020) o hoquei
sobre patines (Fernandez et al., 2020). A parte, los sistemas actuales de registro de los
datos, a diferencia de otras tecnologias, nos dan informacién del niimero y de la intensidad
de los saltos, aterrizajes e impactos que el jugador realiza (Garcia et al., 2020) siendo un
valor muy importante para tener mas informacion sobre la carga externa y las fuerzas que
deberian soportar los jugadores. Otro elemento clave es ver como distribuimos las
variables de carga externa durante el microciclo (Martin-Garcia et al., 2018; Illa et al.,
2020) y analizar si conseguimos preparar a los jugadores en funcion de su posicion de
juego de una forma 6ptima para soportar la carga del partido (Martin-Garcia et al., 2018;
Vazquez-Guerrero et al., 2018). En la actualidad, por ejemplo, en deportes indoor como
el baloncesto, existen investigaciones donde se analiza la distribucion de la carga externa

en diferentes categorias de equipos de formacion (Garcia et al., 2021).

Otra variable utilizada ampliamente en las investigaciones con esta tecnologia es
el Player Load (PL). EI PL nos muestra la acumulacion de movimiento en los

acelerémetros dandonos un Unico valor indicativo de la carga externa. Se obtiene a través
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del calculo de la raiz cuadrada de la suma de las tasas instantaneas de cambio de
aceleracion al cuadrado en cada uno de los tres planos dividida por 100 en absoluto
(Reche-Soto et al., 2019; Vazquez-Guerrero et al., 2019):

2
\/(ayl - ay—l) + (axl - ax—l)2 + (azl - az—l)2

PL 100

Con todo, debe tenerse en cuenta que una de las limitaciones de esta tecnologia es
gue no permite cuantificar acciones musculares isométricas. Estas acciones no se pueden
medir con los acelerémetros, pero pueden ser acciones de gran cantidad de fuerza, de
mucha exigencia y, en funcion del deporte y de la posicion de juego, lesivas (Cummins
etal., 2013; Svilar et al., 2018).

En la actualidad, hay diferentes investigaciones que han correlacionado la carga
externa que obtenemos de esta tecnologia con la carga interna para intentar controlar la
carga total que tiene que soportar el jugador y, a su vez, intentar disminuir el riesgo lesivo
(Cummins et al., 2013; McLaren et al., 2018). Se ha demostrado que un incremento de la
carga externa se asocia a un mayor numero de lesiones en deportes de equipo como el
futbol, por ejemplo (Jaspers et al., 2018). En definitiva, tanto entrenadores, preparadores
fisicos como personal médico, necesitan datos de carga interna y externa para entender
las necesidades del entrenamiento y de la competicidn y ver que le sucede a cada jugador
de forma individual (Scanlan et al., 2014). A partir de aqui, podremos analizar si el
entrenamiento que planteamos es el apropiado para mejorar el rendimiento del jugador y

ayudar a prevenir futuras lesiones.

1.5. Analisis de los comportamientos tacticos en el deporte

Una de las claves en el éxito deportivo es analizar que hacen los jugadores en el campo
tacticamente y si como equipo somos capaces de superar al rival. Es importante saber que
sucede en cada fase del juego y que sistemas de juego ya sean ofensivos o defensivos son
mas importantes para conseguir nuestros objetivos. Una de las técnicas utilizadas para
conseguir esta vision ha sido el analisis observacional. Una de las ventajas de realizar el
analisis con esta técnica es que es ecoldgica, analiza lo que sucede a nivel deportivo sin

modificar el comportamiento natural de los jugadores y equipos (Travassos et al., 2013;
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Lozano et al., 2016). Esta metodologia ha sido ampliamente utilizada en el &mbito del
deporte (Anguera et al., 2011, 2014, 2020; Bakeman & Quera, 2012). A partir de esta
técnica, se han descrito diferentes indicadores para valorar el éxito del comportamiento
de los equipos en diferentes deportes (Lago & Anguera, 2002; Castellano & Hernandez,
2003). En futbol, se ha valorado el éxito en las acciones de corner (Fernandez-
Hermogenes et al., 2021) o el éxito de los diferentes sistemas defensivos (Castellano &
Hernandez, 2002) por ejemplo. En baloncesto se ha analizado la influencia del juego
interior de los equipos (Morillo-Baro et al., 2021) o para analizar el juego de transicion
en la liga espafiola (Pastrana-Brincones et al., 2021). A partir de estos andlisis, se puede
determinar que acciones o sistemas de juego pueden ser mas eficientes 0 menos utiles
para conseguir los objetivos que nos proponemos en nuestro juego e introducirlos en las

tareas de entrenamiento.

1.6. Analisis del balonmano

En el balonmano, igual que en otros deportes, se ha intentado explicar el deporte des de
diferentes perspectivas. Una de las claves para el éxito deportivo, sea este el que sea en
funcion del equipo y del club, es analizar al maximo el deporte en cuestion. Este analisis
deberia permitir a los entrenadores, preparadores fisicos y cuerpo médico, plantear
entrenamientos adaptados a que los jugadores puedan soportar la carga de entrenamiento
y competicion, que los entrenamientos preparen de forma Optima a los jugadores para
soportar esta carga competitiva y, a su vez, ayuden a los jugadores a prevenir lesiones
propias del balonmano. También deberiamos saber que sucede a nivel de carga interna en
funcidn de la carga externa a la que estamos sometiendo en cada sesion, sea entrenamiento

0 partido, a nuestros jugadores.

1.6.1. Anadlisis de la carga interna en el balonmano

Hay diferentes investigaciones que se han centrado en saber el perfil fisioldgico de los
jugadores de balonmano. Estos perfiles se han determinado normalmente en el
laboratorio, con pruebas maximas inespecificas del deporte. Es la forma mas facil de
obtener estos perfiles si se dispone del material y la infraestructura adecuada que suele
ser costosa. Se ha buscado la frecuencia cardiaca maxima (Manchado et al., 2013; Wagner
et al., 2016; Michalsik & Wagner, 2021), el VO2 méax. (Wagner et al., 2016, 2019) y el
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nivel de lactato en test incrementales (Chelly et al., 2011). Con todo, y bajo un contexto
de analisis pormenorizado de estas variables, seria necesario investigar en base a las
caracteristicas individuales y a la posicion de juego de cada jugador de balonmano. Desde
el punto de vista del EE, este perfil individual nos deberia permitir disefiar rutinas de
trabajo adaptadas a las necesidades de cada jugador o adaptar los descansos en el partido
debido a la naturaleza propia del balonmano que permite los cambios de jugadores sin
parar el tiempo y de forma ilimitada. Adicionalmente, la obtencion de estos datos de carga
interna deberia realizarse con pruebas especificas adaptadas al balonmano con
movimientos propios del deporte y que se pudieran reproducir en entrenamiento. Hay
algunas investigaciones que han intentado reproducir movimientos especificos para
encontrar estas diferentes variables (Wagner et al., 2016; Michalsik & Wagner, 2021).
Los resultados obtenidos en estas pruebas deberian ser mucha mas ecoldgicos que los
obtenidos con las pruebas incrementales de laboratorio y, bajo mi experiencia, con una

mayor implicacion por parte del jugador que ve mayor relacion con el entrenamiento.

Un aspecto relevante a sefialar es que los valores de analisis asociados a cada
jugador deberian monitorizarse también durante la competicion. Existen diferentes
investigaciones que han analizado parametros de carga interna como la frecuencia
cardiaca en partidos con jugadores jovenes (Gupta & Goswami, 2017; Ortega-Becerra et
al., 2020), simulando un partido de balonmano (Barbero et al., 2014), en mujeres
(Manchado et al., 2013) o en diferentes partidos oficiales (Povoas et al., 2014). Otras se
han centrado en valorar el nivel de lactato en sangre (Povoas, 2009; Michalsik, 2011;) o
el VO2max (Povoas, 2009). Con todo, debido a su complejidad, es dificil hallar

investigaciones basadas en competiciones oficiales con equipos de elite.

A nivel de carga interna y mas alla de variables de tipo fisiolégico, también se ha
analizado el estado fisico reportado subjetivamente por el jugador de balonmano
posteriormente a una situacién de entrenamiento o partido. Para realizar este control, hay
diferentes investigaciones que han usado el RPE, vista su validez y fiabilidad (Feriche et
al., 2002). En este sentido, se han hallado asociaciones con la frecuencia cardiaca
(Cuadrado-Reyes et al., 2012), en pruebas especificas para valorar la fatiga en el
lanzamiento (Nufio et al., 2016), en situaciones de fatiga acumulada mediante ejercicios

realizados en espacios reducidos (Mhenni et al., 2017) y en situacion de competicion real
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en partidos oficiales (Kniubaite et al., 2019). Teniendo en cuenta la necesaria curva de
aprendizaje de cada jugador, la valoracion de la RPE se demuestra como una herramienta
que podemaos usar siempre, en diferentes momentos del entrenamiento, juguemos en casa
o fuera o si queremos controlar como se encuentran nuestros jugadores durante las
semanas que estan con sus equipos nacionales y queremos controlar su carga y nivel de
estres. Solo teniendo esta respuesta subjetiva de los jugadores, multiplicando por los
minutos de entrenamiento o partido, podemos controlar la carga total y ver como ésta
evoluciona microciclo tras microciclo (Foster et al., 2021). A su vez, nos puede ayudar
para prevenir un exceso de carga de trabajo y prevenir lesiones debido a la sobrecarga
(Hulin et al., 2016).

1.6.2. Analisis de la carga externa en el balonmano

Igual que sucede con el control de la carga interna, hay diferentes investigaciones mas
propias de laboratorio que se han centrado en saber el perfil condicional de los jugadores
de balonmanao. Este perfil nos deberia servir para saber que necesidades fisicas necesitan
nuestros jugadores y adaptar los entrenamientos. Se ha estudiado valores de fuerza con
ejercicios generales como squat o press de banca en jugadores y jugadoras en formacion
(Ingebrigtsen et al., 2013) o diferentes pruebas de velocidad y desplazamientos més o
menos especificos (Matthys, Fransen, et al., 2013; Matthys, Vaeyens, et al., 2013),
adaptado a las posiciones de juego (Kruger et al., 2014) o analizando las diferencias entre
chicos y chicas jovenes (Camacho-Cardenosa et al., 2018). También se ha observado que
valores tienen los jugadores a nivel de potencia de salto con diferentes pruebas como el
squat jump, el countermovement jump o el drop jump (Ingebrigtsen et al., 2013; Massuca
& Fragoso, 2013; Matthys, Vaeyens, et al., 2013). Una opcion interesante con los valores
obtenidos en los test de salto es analizar que sucede antes y después de un entrenamiento
0 partido para valorar la fatiga de los jugadores y cuando estos pueden volver a entrenar
0 a jugar el partido con unos valores aceptables que demuestren su recuperacion (Oliveira
etal., 2014). Esta variable es importante debido a la naturaleza del balonmano, tanto para
mejorar el rendimiento como para predecir déficits y prevenir posibles lesiones en la
extremidad inferior (Olsen et al., 2006; Langevoort et al., 2007; Mdnaco et al., 2019).
Dentro de estas pruebas condicionales, se han analizado a los jugadores con pruebas

donde se ha valorado los desplazamientos especificos propios de un partido de balonmano
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(Matthys, Vaeyens, et al., 2013; Massuca et al., 2015; Wagner et al., 2016; Schwesig et
al., 2017; Michalsik & Wagner, 2021). El tener analizado y claro estas variables méas
condicionales, son claves ya que pueden influenciar en la carga de entrenamiento
(Impellizzeri et al., 2019), en obtener un perfil por posicion o en prevenir lesiones y
valorar déficits. Una vez obtenidos todos estos resultados, hay que incorporarlos en el
entrenamiento, en las diferentes tareas, pero, sobre todo, lo importante es saber que
exigencias nos estd demandando la competicion y como las trabajamos durante los
entrenamientos, en las diferentes tareas y si preparamos Optimamente a nuestros

jugadores, de forma individual para soportar estas cargas.

Las diferentes técnicas de andlisis de la carga externa en balonmano han ido
evolucionando igual que en los demas deportes. Una técnica muy utilizada en el &mbito
de la investigacion es el video tracking. Esta técnica nos pueda dar mucha informacion
una vez realizado el partido, pero no es inmediata y estamos en un momento en que los
diferentes cuerpos técnicos suelen pedir inmediatez. Si que es verdad que en otros
deportes han creado softwares de analisis que en poco tiempo tienes la informacion de la
carga externa de los jugadores en el partido, pero, bajo nuestra busqueda y experiencia
profesional, no hemos encontrado ninguna investigacion que se haya centrado en ello. A
través de esta técnica se ha descrito que los laterales son las que realizan mayores
desplazamientos en un partido (Michalsik et al., 2013; Povoas et al., 2014), los metros
recorridos relativos a los minutos jugados siendo un buen indicador de la intensidad (Luig
et al., 2008; Povoas, 2009), que los extremos, en ciertas investigaciones, son los que
realizan mas metros a alta intensidad (Povoas et al., 2014), como se distribuyen los metros
recorridos en funcion de la intensidad de la carrera (Sibila et al., 2004; Luig et al., 2008;
Povoas et al., 2012), que velocidad maxima pueden alcanzar los jugadores en partido
(Cardinale et al., 2017) o el tiempo de juego en partido de cada posicion (Cardinale et al.,
2017). Con todo, estas variables obtenidas dependeran, en gran medida, del modelo de

juego del equipo observado.

Un aspecto relevante que destacar cuando se analiza la carga externa en el
balonmano, a parte de la no inmediatez del reporte de datos, es que los movimientos
explosivos, las aceleraciones y desaceleraciones, la intensidad de los saltos y de los

aterrizajes e impactos, todavia no han sido adecuadamente registrados. En este sentido,
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existen estudios de mas de dos décadas, realizados mediante video grabacion, que indican
que el balonmano es un deporte de alta intensidad mas por sus impactos que por el ritmo
de sus desplazamientos (Rannou et al., 2001). Dado el avance de la tecnologia y del
propio deporte, es probable que ahora conviniera actualizar esta informacién mediante la
realizacion de los correspondientes estudios. Ciertamente, tanto el perfil condicional
como el ritmo de juego en el balonmano actual se han incrementado exponencialmente,
con un numero de posesiones mayor y consecuentemente también un mayor nimero de
goles. También se han introducido nuevas reglas como la del 7x6, que aumentan las
exigencias del juego. Con todo, hoy es posible monitorizar esta realidad del balonmano
actual mediante los dispositivos IMU. Estos no sélo han sido validados para deportes
indoor, sino que lo han estado de forma especifica también para el balonmano (Bastida-
Castillo et al., 2018; Luteberget, Holme, et al., 2018).

Los dispositivos IMUs, aunque corresponden con una tecnologia que ha sido
ampliamente usada y con muchas publicaciones en otros deportes outdoor (futbol y
rugby, por ejemplo) o indoor (baloncesto), en balonmano, el nimero de publicaciones e
investigaciones con ella no es muy amplio. Si que hoy en dia hay diferentes clubs de élite
que usan estos dispositivos, pero de momento, la mayoria usa estos datos para modificar
y valorar su preparacion y no para publicar e investigar y compartir el conocimiento que

obtienen.

Con el uso en nuestro dia a dia de estos dispositivos, podriamos registrar acciones
de alta intensidad, movimientos méas explosivos, saltos, impactos, aterrizajes y el nimero
de veces que ocurren y clasificarlos en funcion de su intensidad. A la vez que
obtendriamos datos como distancia, velocidad méxima, minutos de participacion de los
jugadores, aceleraciones y desaceleraciones y todo tanto a nivel de equipo, como a nivel
de cada posicion como a nivel individual por jugador. Pero bajo mi punto de vista, la
clave seria que pudiéramos obtener los datos de carga externa que nos da la competicion
siempre que se nos permita y ver como adaptamos los entrenamientos y si preparamos a
los jugadores de una forma correcta en funcién de las necesidades de cada uno de ellos.
Al final, conseguir lo que nos planteamos con el EE de la individualizacion del trabajo.
En la actualidad, des de la preparacion fisica debemos exigirnos realizar entrenamientos

individualizados para cada jugador en funcién de sus necesidades de carga externa, de
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sus adaptaciones fisioldgicas, de su historial lesivo o de sus preferencias y no realizar

todo el equipo el mismo entrenamiento.

A nivel de investigaciones, debido al elevado coste de colocar antenas para similar
la posicion de los jugadores, algunas de ellas han realizado diferentes partidos simulados
al aire libre, usando los satélites para generar esta posicion (Ortega-Becerra et al., 2020).

Es un primer avance al uso de estos sistemas.

También existen investigaciones donde se han realizado partidos simulados dentro
de un pabelldn para obtener estas variables descritas anteriormente (Barbero et al., 2014).
Pero la mayoria de los datos que hemos encontrados en nuestra busqueda relacionados
con estos dispositivos son todos en competicion. Hay una investigacion que registra la
distancia recorrida por jugadores masculinos de elite en funcion de la intensidad del
desplazamiento por posiciones y en la fase ofensiva o defensiva (Manchado et al., 2020)
y todos los demas son competiciones femeninas. Se han estudiado las acciones de alta
intensidad y la variable de PL en partidos internacionales de selecciones de mujeres en
funcion de la posicion de juego (Luteberget & Spencer, 2017; Wik et al., 2017) o el PL,
este indicador general sobre la carga externa en partidos de liga nacional (Kniubaite et
al., 2019). Solo hemos encontrado una investigacion que se haya centrado en analizar que

ocurre en diferentes tareas de juego en entrenamiento (Luteberget, Trollerud, etal., 2018).

Analizando todos los datos existentes, haria falta realizar una descripcién de los
datos de carga externa en competicion en una temporada en hombres ya que son datos
inexistentes con esta tecnologia y ver como distribuimos los contenidos dentro del
microciclo para analizar si preparamos a los jugadores de la mejor forma posible para

soportar la carga competitiva de cada jugador.

1.6.3. Anadlisis del comportamiento tactico en balonmano

El dia a dia de los equipos, independientemente del nivel que tengan, es analizar a los
rivales con los que van a jugar el fin de semana y analizar como juega su propio equipo
y ver si siguen el modelo de juego que, el cuerpo técnico y el entrenador en concreto, han
decidido realizar. Este analisis sirve para ver como se puede conseguir anular el equipo
rival en su fase ofensiva y encontrar debilidades en su modelo defensivo para conseguir

acabar en gol.
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A parte del uso de este andlisis para mejorar los resultados deportivos, también se han
realizado multiples investigaciones a través de la metodologia observacional para analizar
que ocurre en las diferentes fases del juego e intentar ser més eficientes en nuestro juego

y en los entrenamientos modificando el tiempo que destinamos a cada fase.

Se han analizado los sistemas ofensivos utilizados por selecciones (Lozano &
Camerino, 2012), la eficacia de estos sistemas contra diferentes sistemas defensivos
(Rogulj et al., 2011; Jiménez-Salas et al., 2020a;) o que sucede en momentos criticos del
partido en ataque (Lozano et al., 2016). También se ha analizado que sucede en la fase
del contraataque en funcién de si son jugadores seniors o jugadores en formacion
(Jiménez-Salas et al., 2020b) o que sucede en la Gltima accién de finalizacion (Meletakos
et al., 2011). A nivel defensivo, se ha buscado la relacion con el portero y el resultado
(Pascual et al., 2010) o la relacion atacante/defensor (Prudente et al., 2010) o la eficacia
del hecho de realizar mas o menos golpes francos para interrumpir el ritmo del ataque

para que tengan que construir de nuevo su fase ofensiva (Fasold & Redlich, 2018).

Al final, lo que se busca con estos andlisis es buscar que indicadores nos van a
acercar al éxito o al fracaso (Daza et al., 2017). Esta claro que cada equipo tiene un
modelo de juego muy concreto en las diferentes fases del juego, pero seria muy
interesante que analizaramos que queremos conseguir en cada fase y que indicadores nos
van a hacer fracasar o triunfar para poder trabajarlos en los entrenamientos e inculcarlos
a nuestros jugadores. No hay que olvidar que el balonmano es un deporte de equipo y
todos los jugadores tienen que cumplir ciertas normas de relacion en la pista para

conseguir el objetivo propuesto.

Creo que es interesante realizar este andlisis a nivel de clubes ya que la mayoria de las
investigaciones se han basado en partidos de selecciones nacionales y hay poca
informacidn sobre modelos de juego de equipos ganadores y que basen su entrenamiento
en la metodologia del EE. A parte, no todas las fases estan investigadas por igual ya que
no hay casi publicaciones que se centren en el balance defensivo para intentar

contrarrestar la opcion de finalizacion més facil que es el contraataque.
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1.7. El rendimiento deportivo

En conclusion, después de analizar todas estas diferentes facetes que forman un jugador
y que hay que tener que controlar, entiendo que no s6lo debemos tener un tipo de
valoracion o analizar un tipo de variables. Cuantas més variables podamos controlar,
sobre todo en el balonmano de élite, mas cerca podremos estar de conseguir nuestros

objetivos.

Hay que conocer qué tipo de variables de carga interna tienen nuestros jugadores
con diferentes pruebas analiticas y pruebas especificas para el balonmano. Hay que
dominar que carga externa tienen que soportar nuestros jugadores durante la competicion
para poder reproducirlas en el dia a dia de nuestros entrenamientos y hay que saber que
acciones son las mas eficaces en las diferentes fases del juego para conseguir el éxito en
el partido. Pero todas estas variables no hay que verlas des de una vision general y ya no
des de una vision de cada posicion de juego, sino que hay que analizarlas des de una
individualizacion de cada jugador, adaptando nuestro trabajo, el entrenamiento, en

funcion de lo que necesite cada HD.
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2.1. Objetivo general

El objetivo general de esta tesis doctoral es analizar, des de una perspectiva
multidimensional, el rendimiento deportivo de los jugadores de balonmano. Para ello se
ha credo una linea de trabajo donde se aporten datos objetivos sobre esta valoracion del
rendimiento con diferentes tecnologias y herramientas, tanto de carga interna como

externa y su analisis.

2.2. Objetivos especificos
Estudio 1

Analizar las demandas fisicas de carga externa de cada posicion de juego del balonmano
en la élite que nos exige la competicion mediante el analisis de los partidos en una

temporada completa.
Estudio 2

Valorar la eficacia de un programa de entrenamiento en casa para mantener la capacidad
aerdbica y la fuerza explosiva de las extremidades inferiores en jugadores de balonmano

de élite durante el confinamiento por la COVID-19.
Estudio 3

Identificar que variables del modelo de juego que intervienen en un partido influyen en
el éxito o el fracaso en las diferentes fases del juego en un equipo de élite de balonmano

durante todos los partidos en una temporada regular
Estudio 4

Los objetivos en este estudio fueron varios:

1. Describir las diferencias de carga de entrenamiento, tanto interna como externa,

entre las diferentes posiciones de juego en jugadores de balonmano.

2. Analizar las demandas de competicién a nivel de carga interna y externa entre las
diferentes posiciones de juego en jugadores de balonmano y ver las diferencias
existentes entre los diferentes dias del microciclo y la competicion para valorar si

los preparamos de forma Optima para soportar la carga competitiva.
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3.1. Estructura de la tesis

Esta tesis consta de cuatro investigaciones donde en cada una de ellas se ha intentado
describir y obtener informacion sobre unas variables que nos permitieran valorar el
rendimiento en jugadores de balonmano. Primero de todo hacia falta saber que
necesidades nos demanda la competicion en un equipo de élite en funcion de la posicion
de juego de los jugadores. En nuestra busqueda, no hemos encontrado ningun estudio
donde nos dijera estas necesidades y creemos que era vital empezar por esta cuestion para,
a partir de este primer estudio, ver como debemos entrenar partiendo de la base que la

competicién es la maxima especificidad en cualquier deporte de equipo.

Debido a la pandemia de la COVID-19, generamos otra investigacién donde
valoramos el estado de forma de los jugadores después de realizar un trabajo de fuerza 'y
resistencia adaptado en sus domicilios. La importancia de esta valoracién post
confinamiento fue que pudimos saber en qué estado de forma se encontraban a nivel de
tests analiticos que los jugadores tenian muy familiarizados para poder disefiar un trabajo
condicional individualizado para cada uno de ellos para empezar la pretemporada

siguiente sin un incremento exponencial de lesiones

En el estudio 3 buscamos analizar el comportamiento de los jugadores y del
equipo a nivel mas tactico en las diferentes fases del juego para determinar que variables
nos acercaban al éxito competitivo y poder reproducirlas o destinar mas tiempo de trabajo

en los entrenamientos del equipo.

Una vez sabiamos las demandas de la competicion del primer estudio, analizamos
en el estudio 4 las demandas de un equipo filial y como se distribuian estas demandas de
carga interna y carga externa en funcién de la posicién de juego, durante el microciclo.
Saber como entrenamos durante la semana es clave, bajo nuestro punto de vista, para ver

si preparamos a los jugadores de forma éptima para soportar la carga de la competicion.
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Tabla 1. Configuracion esquematica de la tesis

ESTUDIO 1

ESTUDIO 2

ESTUDIO 3

ESTUDIO 4

Valorar la eficacia de un programa de

Identificar que variables del modelo de juego

Conocer las demandas por posicion

Objetivo Conocer las demandas por posicion de entrenamiento en casa para mantener la que intervienen en un partido influyen en el - S o
. S . . i . .- . de juego en competicion de élite y
general juego en competicion de élite capacidad aerébica y la fuerza explosiva  éxito o el fracaso en las diferentes fases del - -
. Lo : comparativa con el entrenamiento
de las extremidades inferiores. juego
Disefio Transversal y observacional Disefio retrospectivo Metodologia Observacional Disefio transversal y observacional
Muestra 16 jugadores de élite de balonmano 11 jugadores de élite de balonmano 14 partidos de élite de balonmano é;g;%ﬁgﬁges profesionales de
. . . . . - Distancia recorrida total y en funcién
Tiempo de juego (min) Frecuencia cardiaca (bpm) Conducta focal EXITO velocidad (m)
D'S‘afic'a recorrida total y en funcion Lactato sanguineo (mmol/L) Conducta focal FRACASO High-Speed Running (m-s?)
velocidad (m)
Velocidad maxima (m-mint) Altura salto vertical (cm) Fases del juego Player Load (au)
Velocidad promedio (m-min) NUmero jugadores RPE (au)
High-Speed Running (m-s) Marcador
NUmero de aceleraciones y .
; desaceleraciones (n) Secuencias
Variables
Aceleraciones y desaceleraciones Alta Sistemas ofensivos y defensivos propios y del
Intensidad (m-s?) rival
Aceleraciones y desaceleraciones Alta T
i . . o Zona de finalizacién
Intensidad relativo al tiempo (m-s-mint)
Rlayer Load (au_) }/1Player Load relativo al Resultados intermedios
tiempo (TPL-mint)
Resultados finales
Acciones disciplinaries propias y del rival
Cmtaﬂ\(;‘armm@ HR vinculado a WIMU Instrumento observacion TAHSUFAIL
WIMU PRO™ system con acelerémetro PRO WIMU PROT system con
Material giroscopio y magnetémetro a 100 Hz y Analizador de lactate y tiras reactivas Software LINCE PLUS acelerémetro, giroscopio y

barémetro a 120 kPa

(Lactate Scout)

Plataforma de contactos Chronojump
Boscosystem

Software HOISAN

magnetometro a 100 Hz y barémetro
a 120 kPa
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3.2. Participantes

Una de las claves de esta tesis es la calidad de los participantes. En el estudio 1, estudio
2 y estudio 4 estamos hablando de un equipo de la maxima categoria a nivel mundial de
balonmano. Durante las 11 temporadas que este doctorando ha formado parte del cuerpo
técnico como entrenador de porteros primero y preparador fisico y readaptador después,
el equipo ha conseguido 58 titulos nacionales e internacionales. La mayoria de los
jugadores que han formado parte de los diferentes estudios son o han sido internacionales
por sus selecciones nacionales, reforzando la calidad de la muestra. A parte, la
importancia de disponer de estos sujetos es el hecho de poder mostrar datos reales en la
élite y poder compartir los resultados, hecho que no es nada habitual en muchos deportes

e investigaciones.

3.2.1. Estudiol

En este primer estudio se analizaron los datos de 16 jugadores profesionales de elite de
balonmano masculino del primer equipo del FC Barcelona de balonmano. Los jugadores
estaban divididos por su posicion de juego en cinco extremos (26.6+6.3 afios; 183.1+4.4
cm; 83.2+4.1 kg), dos centrales (32.0+7.1 afios; 192.8+1.0 cm; 93.8+4.9 kg), seis laterales
(26.3+4.8 afos; 195.3+2.8 cm; 97.8+5.1 kg) v tres pivotes (28.3+4.0 afios; 198.0£8.4 cm;
101.5+4.9 kg). Se optd por dividir la primera linea en central y laterales ya que en muchas
investigaciones lo analizan como una Unica posicién, pero, bajo nuestra opinion, sus

necesidades condicionales y en el juego nos parecian diferentes.

Los datos se obtuvieron del seguimiento de los jugadores durante los partidos disputados
como local durante la temporada 2017-2018. Todos los jugadores fueron informados
durante la firma de sus contratos de una clausula en la que aceptaban su participacion en
proyectos de investigacion, por lo que no fue necesaria la aprobacion de un comité de
ética (Winter & Maughan, 2009). Aun asi, todos los jugadores fueron informados sobre
los propdsitos del estudio, los riesgos conocidos y los posibles peligros asociados,
ajustandose a la Declaracion de Helsinki de la Asociacion Médica Mundial (actualizada
en 2013).
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3.2.2. Estudio 2

El estudio se realizd con 11 jugadores de balonmano profesional del més alto nivel del
primer equipo del FC Barcelona. Todos los jugadores que participaron en el estudio eran
jugadores internacionales con sus respectivas selecciones nacionales durante la
temporada en la que participaron en el estudio. Los jugadores que participaron en el
estudio eran tres extremos (26.3 £ 3.7 afos; 185.3 4.7 cm; 83.2 + 6.5 kg), cuatro laterales
(29.5 £ 7.0 afos; 193.3 + 5.1 cm; 98.3 + 7.4 kQ), tres pivotes (27.9 £ 6.4 afios; 195.0 £
3.0cm; 105.3 £9.2 kg) y un portero (27.9 + 0 afios; 190.0 = 0 cm; 84.0 £ 0 kg). Los datos
se obtuvieron de diferentes pruebas de valoracion del estado de forma de los jugadores
que se realizaban habitualmente durante la temporada, estando los jugadores
familiarizados con ellos. Las pruebas del estudio se realizaron el 29 enero del 2020 y el
18 de mayo del mismo afio. Todos los jugadores fueron informados durante la firma de
sus contratos de una clausula en la que aceptaban su participacion en proyectos de
investigacion, por lo que no fue necesaria la aprobacion de un comité de ética (Winter &
Maughan, 2009). Aun asi, todos los jugadores fueron informados sobre los propoésitos del
estudio, los riesgos conocidos y los posibles peligros asociados, ajustandose a la

Declaracion de Helsinki de la Asociacion Médica Mundial (actualizada en 2013).

3.2.3. Estudio 3

Se analizaron catorce partidos del primer equipo del FC Barcelona de balonmano, siete
de la maxima categoria espafiola, la Liga Asobal, y siete de la maxima categoria del
balonmano europeo, la Liga de Campeones de la European Handball Federation
(EHFLCL) de la temporada 2019-2020. En los 14 partidos se analiz6 el juego de un total
de 23 jugadores del FC Barcelona. Los videos que se usaron eran de acceso publico ya
que fueron retransmitidos en directo o se podian obtener a través del canal de la EHF. Al
ser videos de libre acceso, segtn el Informe Belmont?, no fue necesario la obtencion de
un consentimiento informado por parte de los jugadores (Pastrana-Brincones et al., 2021).
Se eligieron los partidos de casa porque eran méas faciles de obtener y de mejor calidad
que los de fuera ya que se obtuvieron directamente del equipo de produccion de television.
El Informe Belmont describe los principios éticos basicos y las directrices relativas a las
cuestiones éticas en la investigacion con seres humanos. Ademas, este estudio no requirid
una revision por parte de un comité de ética de investigacion, ni un consentimiento

informado por escrito por las siguientes razones (a) implico la observacion de individuos
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en lugares publicos (pabellon deportivo); (b) los individuos o grupos observados no
tuvieron una expectativa razonable de privacidad; (c) no implico la intervencion del

investigador ni la interaccion directa con los individuos.
!(https://student.societyforscience. org/human-participants)

3.2.4. Estudio 4

Este estudio se hizo con el segundo equipo del FC Barcelona de balonmano, con
jugadores profesionales en etapa de formacion todavia. Algunos de estos jugadores del
estudio entrenaban habitualmente con el primer equipo llegando a disputar algun partido
oficial de liga o competicion europea con ellos. Algunos de ellos eran jugadores
internacionales con sus equipos de nacionales con su respectiva categoria en funcion de
su edad. Los jugadores del estudio fueron agrupados por su posicién de juego. Estos eran,
tres extremos izquierdos (edad: 23.0+0.0 afios, peso: 78.5+3.5 kg, altura: 176.0£0.0 cm),
dos extremos derechos (edad: 23.5+0.7 afios, peso: 73.0+2.8 kg, altura: 179.0£1.4 cm),
tres centrales (edad: 24.0+1.0 afios, peso: 90.3+9.3 kg, altura: 190.3+7.5 cm), tres
laterales izquierdos (edad: 23.7+0.6 afios, peso: 93.0+6.6 kg, altura: 192.3+3.5 cm), dos
laterales derechos (edad: 23.0+0.0 afios, peso: 89.5£16.3 kg, altura: 194.5+9.2 cm), y dos
pivotes (edad: 29.5+4.9 afios, peso: 100.5+7.8 kg, altura: 192.5£3.5 cm).

Los datos de la investigacion fueron obtenidos debido al proceso de seguimiento diario
de los jugadores durante los entrenamientos y los partidos durante toda la temporada
2018-2019. Todos los jugadores fueron informados durante la firma de sus contratos de
una clausula en la que aceptaban su participacion en proyectos de investigacion, por lo
que no fue necesaria la aprobacién de un comité de ética (Winter & Maughan, 2009). Aun
asi, todos los jugadores fueron informados sobre los propoésitos del estudio, los riesgos
conocidos y los posibles peligros asociados, ajustandose a la Declaracion de Helsinki de

la Asociacion Médica Mundial (actualizada en 2013).

3.3. Material

3.3.1. Estudiol

El estudio se realizo con el sistema WIMU PRO™ (RealTrack Systems S.L., Almeria,

Espafia). Cada  dispositivo, cuyas dimensiones eran  81x45x16 mm
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(alto/ancho/profundidad) y con un peso de 70 g, se colocé en la espalda de cada jugador
con petos ajustables (Rasan®, Valencia, Espafia). Todos los jugadores estaban
acostumbrados a este tipo de dispositivo y a su forma de sujecién, ya que habian

entrenado con este sistema durante toda la temporada.

El sistema funciona mediante triangulaciones entre cuatro antenas con tecnologia
patentada de banda ultra ancha (frecuencia de muestreo de 18 Hz) colocadas a 5 m de
cada una de las esquinas de la cancha y a una altura de 6 metros. Estas unidades incluyen
varios sensores que registran a diferentes frecuencias de muestreo. La frecuencia de
muestreo utilizada para los tres ejes, el acelerémetro, el giroscopio y el magnetémetro fue
de 100 Hz y de 120 kPa para el barometro (Bastida-Castillo et al., 2018; Bastida-Castillo
etal., 2019).

3.3.2. Estudio 2
En este estudio utilizamos diferentes materiales en funcion de la prueba de valoracion.
- Prueba de carrera subméxima incremental:

Durante la prueba, se registrd la frecuencia cardiaca (FC) utilizando una cinta Garmin®
HR. EI monitor de FC se conectd al sistema WIMU PRO™ (Realtrack Systems, S.L.,
Almeria, Espafia) y los datos se analizaron posteriormente utilizando los valores medios

de FC para cada etapa de la prueba de carrera submaxima en lanzadera.

Un minuto después de la finalizacion de la prueba, se pinché a los jugadores en el 16bulo
de la oreja para analizar los niveles de lactato en sangre (Rodriguez-Alonso et al., 2003;
Matthew & Delextrat, 2009; Gupta & Goswami, 2017). El andlisis se realizdé con un
analizador de lactato Lactate Scout + y tiras reactivas Lactate Scout (Nova Biomedical,
Waltham, MA, USA).

- Prueba de salto vertical, countermovement jump (CMJ):

Para esta prueba se utiliz6 una plataforma de contacto (Chronojump Boscosystem,
Barcelona, Espafia) para evaluar la altura del CMJ. El hardware estaba conectado a un
ordenador que mostraba la altura de salto vertical (cm) mediante un software gratuito
(2.0.2., Chronojump Boscosystem Software, Barcelona, Espafia). Este tipo de tecnologia

ha demostrado su fiabilidad y validez en otro tipo de investigaciones con pruebas de salto
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vertical (Pueo et al., 2020). Los jugadores realizaron dos CMJ bilaterales y dos CMJ
unilaterales con cada pierna. Se registro el mejor resultado de cada prueba (altura, cm) y

se utilizo para el analisis posterior.

3.3.3. Estudio 3

Para llevar a cabo la investigacion, se construy6 un instrumento de observacién ad hoc
para analizar todas las variables que pueden darse en todas las fases de un partido de
balonmano. Todas las categorias cumplian el requisito de exhaustividad y exclusividad
mutua (Anguera & Hernandez, 2013; Jiménez-Salas et al., 2020b). La herramienta creada
fue Illamada TACTICAL ANALYSIS HANDBALL SUCCES-FAILURE
(TAHSUFAIL) y fue evaluada por un grupo de 13 expertos, todos ellos licenciados en
ciencias del deporte y con una minima experiencia como entrenadores de balonmano en
equipos de primera de division en diferentes paises de dos afios. El anlisis del coeficiente
V de Aiken (Aiken, 1985) entre las valoraciones de los expertos de las diferentes
categorias determind un valor de 0.99 para la pertenencia y de 0.97 para la claridad,
obteniendo un total de 0.98 y demostrando la validez de la herramienta. La observacion
de los partidos fue realizada por cuatros observadores, licenciados en ciencias del deporte,
preparadores fisicos en equipos de élite y con 10 afios de experiencia en el balonmano.
La fiabilidad del instrumento se valid6 tras un periodo de entrenamiento entre los
observadores. Se realizaron las pruebas de concordancia intra-observador e inter-
observador para validar el andlisis de los partidos. La tabla 2 muestra los diferentes
estadisticos que se utilizaron para la validacion del instrumento inter-observador: Kappa
de Cohen (Krippendorff, 2018); Kappa de Fleiss (Fleiss et al., 2013) y Coeficiente lota

(Conger, 1980). Todos los resultados obtenidos validaron a los observadores.

Tabla 2. Resultados de validacion del instrumento intra- e inter-observador

Coefficient for entire session Intra- observer Inter-observer agreement
agreement
Cohen’s Kappa 0.98 0.97
Fleiss’ Alpha 0.98 0.97
lota Coefficient 0.98 0.97

Una vez creada y validada la herramienta, se analizaron todos los partidos con el software
libre LINCE PLUS (version 1.3.2. release) (Soto-Fernandez et al., 2021). Este software ha

sido utilizado en diversas investigaciones en el ambito del deporte con metodologia

58



3. Métodos

observacional (Lozano et al., 2016). Todos los criterios e instrumentos de observacion
fueron introducidos en el software. Al finalizar el analisis de todos los partidos
observados, se obtuvo un total de 2581 secuencias. Para cada coincidencia, se exporto un

registro codificado de todos los datos en formato Excel.

3.3.4. Estudio 4

Igual que en el estudio 1, el registro de los datos se realizo con el sistema WIMU PRO™
(RealTrack Systems S.L., Almeria, Espafia). Cada dispositivo, cuyas dimensiones eran
81x45x16 mm (alto/ancho/profundidad) y con un peso de 70 g, se coloco en la espalda
de cada jugador con petos ajustables (Rasan®, Valencia, Espafia). Todos los jugadores
estaban acostumbrados a este tipo de dispositivo y a su forma de sujecion, ya que habian

entrenado con este sistema durante toda la temporada.

El sistema funciona mediante triangulaciones entre cuatro antenas con tecnologia
patentada de banda ultra ancha (frecuencia de muestreo de 18 Hz) colocadas a 5 m de
cada una de las esquinas de la cancha y a una altura de 6 metros. Estas unidades incluyen
varios sensores que registran a diferentes frecuencias de muestreo. La frecuencia de
muestreo utilizada para los tres ejes, el acelerometro, el giroscopio y el magnetémetro fue
de 100 Hz y de 120 kPa para el barémetro (Bastida-Castillo et al., 2018; Bastida-Castillo
etal., 2019).

3.4. Analisis de los datos

3.4.1. Estudiol

El registro de datos de posicionamiento de este estudio fue monitorizado en tiempo real
y posteriormente analizado mediante el software SPRO™ versién 937 (SPRO™,
RealTrack Systems, 2018). El analisis estadistico se realizé con el software R Studio
(v1.1.463 Studio, Boston, Massachusetts).

3.4.2. Estudio 2

El registro de datos de frecuencia cardiaca fue monitorizado en tiempo real y
posteriormente analizado mediante el software SPRO™ versién 966-967 (SPRO™,

RealTrack Systems, 2018). El registro de datos de saltos fue analizado con el software
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gratuito (2.0.2., Chronojump Boscosystem Software, Barcelona, Espafia). Todo el anélisis
estadistico se realiz6 con el programa SPSS version 23.0 (SPSS Statistics, IBM Corp.,
Armonk, NY, USA).

3.4.3. Estudio 3

Una vez obtenidos los datos de los partidos del estudio 4, se utilizo el programa Hoisan
(Hernandez-Mendo et al., 2014) para la codificacion y posterior analisis con coordenadas
polaresy la representacion (Rodriguez-Medina et al., 2019). A parte, se realizé un analisis
de generalizabilidad (Cronbach et al., 1972) a traves del software SAGT, version 1.0
(Hernandez-Mendo et al., 2016) (ver tabla 3). Siguiendo a Miranda et al., (2019), se
llevaron a cabo dos planes de medicion para analizar los datos obtenidos: a) La
generalizabilidad de los resultados obtenidos (nimero de secuencias que componen la
muestra) y b) la validez del instrumento de observacion: a) El coeficiente de
generalizabilidad (relativo y absoluto 0.998) correspondiente al plan de medida
[Categorias]/[Secuencias] establece que con el nimero de secuencias analizadas se
obtiene una alta fiabilidad de precision de generalizacion. b) Respecto al plan de medicion
[Secuencias]/[Categorias], el coeficiente de generalizabilidad (relativo y absoluto 0.000)
apoya dentro del marco tedrico de la Teoria de la Generalizabilidad, la validez del

instrumento de observacion disefiado (Blanco-Villasefior & Escolano Pérez, 2017).

Tabla 3. Resultados del disefio de la generalizabilidad [Categorias] [Secuencias].

Sumof  Degree of Mean % Standard
Sources of variation squares  freedom square Variance error
[SECUENCIAS] 12.838 1667 0.008 0 0
[CATEGORIAS] 3842.188 68 56.503 27.616 0.006
[SECUENCIAS][CATEGORIAS] 10048.711 113.356  0.089  72.384 0

3.4.4. Estudio4

El registro de datos de posicionamiento fue monitorizado en tiempo real y posteriormente
analizado mediante el software SPRO™ version 946-949 (SPRO™, RealTrack Systems,
2018). El registro de todas las sesiones de entrenamiento y de partidos dio lugar a 1033
registros para la carga externa y 1.008 archivos para la carga interna. Los analisis
estadisticos se realizaron con R Studio (v1.3 Studio, Boston, Massachusetts) y el paquete
Esvis (v0.3.1).
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3.5. Analisis Estadistico

3.5.1. Estudiol

Las estadisticas descriptivas se presentaron como medias y desviaciones estandar (SD).
Las diferencias entre las posiciones de juego se analizaron mediante los estadisticos del
tamano del efecto (Effect Size, ES) de Cohen y el intervalo de confianza (Cl) de £90%.
El criterio para determinar el tamafio del ES fue <0.2|0.2a0.59|0.6a1.19|1.2a1.99
| >2.0, considerando estos valores como trivial, pequefio, moderado, grande y muy
grande, respectivamente (Hopkins et al., 2009). El porcentaje de probabilidad de
diferencia entre los grupos se calculd y se considerd como casi seguro que no (<0,5%),
muy improbable (<0.5%), improbable (<25%), posiblemente (25-75%), probable
(>75%), muy probable (>95%) o muy probable (>99,5%). Un porcentaje de probabilidad
de diferencia <75% se consideré una magnitud sustancial. Se utiliz6 un umbral de
probabilidad del 5% para las magnitudes sustanciales, lo que significa que una
probabilidad de >5% tanto en sentido positivo como negativo se considerd poco clara.
También se calcularon las diferencias significativas. La prueba de Kolmogorov-Smirnov
confirmd una distribucion no normal de todas las variables analizadas. Se realiz6 la
prueba de Kruskal-Wallis para comparar las cuatro posiciones de juego, seguida de la
prueba de rangos con signo de Wilcoxon con ajuste de Holm para determinar las
diferencias entre las posiciones por parejas. En las pruebas estadisticas que lo requerian,

el nivel de significacion fue de p<0,05.

3.5.2. Estudio 2

Se comprobd la normalidad de los datos mediante la prueba de Shapiro-Wilk. Se utilizd
una prueba t de Student de muestras pareadas para evaluar las diferencias en las variables
de interés (masa corporal, frecuencia cardiaca media, concentracion de lactato en sangre
capilar, altura CMJ) de los periodos Pre y Post. Se utilizd la d de Cohen para calcular el
tamafio del efecto (ES). Los umbrales para las estadisticas de ES fueron triviales
(ES<0.20); pequefios (0.20<ES<0.59); moderados (0.60<ES<1.19); grandes
(1.20<ES<1.99); y muy grandes (ES>2.0) (Hopkins et al., 2009). Todos los datos se
presentaron como media + desviacion estandar (SD) y el nivel de significacion se fijé en
p < 0,05.
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3.5.3. Estudio 3

Para encontrar las variables mas significativas en las diferentes fases del juego, se utiliz6
la técnica de coordenadas polares para reducir el gran volumen de datos obtenidos
(Castellano & Hernandez, 2003). Esta técnica se basa en un analisis secuencial de los
desfases prospectivos y retrospectivos de los datos obtenidos (Sackett, 1980; Anguera,
1997) y nos permite observar las relaciones existentes entre las conductas que conforman
el sistema taxondmico que hemos creado (Castellano & Herndndez, 2003). A partir de
este analisis obtuvimos el estadistico de contraste, Zsum (Zsum = Xz/ \n, donde n es el
nimero de retardos) (Cochran, 1954) con rangos de retardo de 05 a +5. Una vez
obtenidos estos resultados, realizamos una representacion grafica de las relaciones
encontrada entre las categorias focales, en nuestro caso éxito o fracaso, y las
condicionadas a nivel de vectores (Hernandez-Mendo & Anguera, 1999). La longitud del
vector es la distancia entre el origen de coordenadas Zsum (0.0) y el punto de interseccion
(valor Zsum de la conducta focal en el eje X y valor Zsum de la conducta condicionada
en el eje Y). Las relaciones se consideran significativas (p < 0,05) cuando las longitudes
son superiores a 1.96 (Tarrago et al., 2017). Este valor lo obtenemos con la raiz cuadrado
de la suma del cuadrado de la Zsum de X (prospectiva) y el cuadrado de Zum de Y
(retrospectiva). Ademas, el angulo del vector (¢ = Arco seno de Y/Radio) determina la
naturaleza de la relacién (Castellano & Hernandez, 2003). Las relaciones que
encontramos en cada cuadrante estdn representadas en la figura 7 (Castellano &
Hernandez, 2003).
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Figura 7. Caracteristicas de cada cuadrante de las coordenadas polares.

3.5.4. Estudio 4

Los datos en este estudio 3 fueron presentados como medias y desviaciones estandar
(SD). Todos los datos se transformaron primero en logaritmos para evitar el sesgo
derivado del error de no uniformidad. Para comparar la carga externa e interna, entre y
dentro de las diferentes posiciones de juego durante los partidos y las sesiones de
entrenamiento, se calcularon las diferencias estandarizadas de la media (tamafio del efecto
de Cohen). Para ver el tamarfio del efecto (ES) se calificaron los resultados utilizando la
escala de Hopkins: 0.2 (pequefio), 0.6 (moderado), 1.2 (grande), 2.0 (muy grande)
(Hopkins et al., 2009). También se calculé el intervalo de confianza del 90% para cada
tamafio del efecto (ES). Teniendo en cuenta el elevado nimero de comparaciones, no se
analizaron los resultados cuando el limite inferior del ES era inferior a 0.6. También se
calcularon los porcentajes de las demandas de partido para cada variable siguiendo esta

formula:

Session demand — Mean playing position game demand « 100

Mean playing position game demand
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4, Estudios de investigacion originales
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4.1. Estudio 1: Monitoring external load in elite male
handball players depending on playing positions

*  Font R., Karcher C., Reche X., Carmona G., Tremps V., Irurtia A. (2021).
Monitoring external load in elite male handball players depending on playing
positions. Biol Sport, 38(3):475-481.
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Abstract

Monitoring workload is critical for elite training and competition, as well as preventing
potential sports injuries. The assessment of external load in team sports has been provided
with new technologies that help coaches to individualize training and optimize their
team’'s playing system. In this study we have characterized the physical demands of an
elite handball team during an entire sports season. Novel data is reported for each playing
position of this highly strenuous body-contact team sport. Sixteen world top players (5
Wings, 2 Center Backs, 6 Backs, 3 Line Players) were equipped with a local positioning
system (WIMU PRO™) during fourteen official Spanish first league matches. Playing
time, total distance covered at different running speeds, and acceleration variables, were
monitored. During a handball match, Wings perform the largest distance covered at high-
speed running (>5.0 m-s?): 410.3+193.2 m, and by sprint (>6.7 m-s!): 98.0+75.4 m.
Center Backs conforms the following playing position that supports the highest speed
intensities during the matches (high-speed running: 243.2+130.2 m; sprint: 62.0£54.2 m).
Center Backs also registers the largest number of high-intensity decelerations
(n=142.7459.5) compared to Wings (n=112.9+56.0), Backs (n=105.2+49.2) and Line
Players: 99.6+28.9). This study provides helpful information for professional coaches and
their technical staff to optimize training load and individualize the physical demands of

their elite male handball players depending on each playing position.

Keywords: training load, accelerometer, match analysis, handball, IMU, workload
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Introduction

Global positioning systems are widely used in outdoor team sports such as rugby or
football (Schuster et al., 2018; Rago et al., 2019). This system also carries an embedded
inertial measurement unit (IMUs) (e.g. accelerometer, magnetometer) recorder with a
good level of validity (Bastida-Castillo et al., 2018), a wide range of metrics (e.g.,
distance and number of sprints), although GPS cannot be used indoors (the GPS signal is
blocked). Recently, many companies have developed ultra-wide band systems to collect
real-time data in indoor sports (Bastida-Castillo et al., 2019). This new technology has
led to a better understanding of the players’ responses to training and competition
(Luteberget, Trollerud, et al., 2018; Kniubaite et al., 2019; Vazquez-Guerrero et al.,
2019).

Although there are still limitations that should not be overlooked (Bastida-Castillo
et al., 2018), technical staff can now adjust player workloads more precisely according to
game demands (Barbero et al., 2014). These aspects are essential in handball, since
playing positions largely influence game demands (Karcher & Buchheit, 2014). As a
result, coaches can design training content adapted to playing position and playing style,
which should lead to a better performance (Luteberget, Trollerud, et al., 2018) and fewer

injuries (Monaco et al., 2019).

At present, despite greater access to technology, there are still few scientific
contributions related to game demands in handball. Additionally, most of this research
has been conducted with video tracking (Luig et al., 2008; Cardinale et al., 2017) or hand
notational analysis (Michalsik et al., 2013). These technologies have been shown to be
less adapted to recording explosive actions typical of handball than IMUs systems
(Barbero et al., 2014; Ortega-Becerra et al., 2020). In this indoor context, despite the
proven accuracy (Bastida-Castillo et al., 2018) and reliability (Luteberget, Holme, et al.,
2018) of IMUs, more studies are needed applied to official competitions in elite male
handball players. Previous studies have provided specific information, but only based on
game-simulated situations in elite women (Wik et al., 2017; Luteberget, Trollerud, et al.,
2018) training sessions in adolescent male players (Ortega-Becerra et al., 2020), or during
30-minutes outdoor (Barbero et al., 2014).

The evolution of the Total Player Load (TPL) was also analysed, reporting, for

the first time ever, the external load indicator for each player in relation to actual playing
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time, i.e., providing information on the intensity level achieved per unit of time. These
studies did not report any information about player displacement (e.g. distance covered
at different speeds) which are of paramount information to coaches (Wik et al., 2017;
Luteberget, Trollerud, et al., 2018). It is worth noting that game demands are gender-
dependent in elite handball (Michalsik & Aagaard, 2015), which makes these results
useless for male elite players. To our knowledge, the physical demands in an elite men’s

handball team have never been described during a sports season.

Thus, the aim of this study was to characterise position-specific physical demands
in elite handball players by measuring external load during a competitive season to
provide a benchmark for coaches and the related training staff to optimise player

preparation.
Material and methods

Experimental approach to the problem

We conducted a cross-sectional, observational study to determine the differences between
each playing position: Wings (W), Center Backs (CB), Backs (B) and Line Players (LP).
Results corresponding to the average of 14 competitive official home matches disputed
in 2017-18 ASOBAL league (Spanish national premier league). We collected 188 records
from the 16 players selected from the 14 games (61 from W, 18 from CB, 68 from B and
41 from LP).

Subjects

We analysed 16 professional elite male players from the same team throughout the
season. The team was comprised of five W (26.6+6.3 years; 183.1+4.4 cm; 83.2+4.1 kg),
two CB (32.0£7.1 years; 192.8£1.0 cm; 93.8+4.9 kg), six B (26.3+4.8 years; 195.3+2.8
cm; 97.845.1 kg) and three LP (28.3+4.0 years; 198.0+8.4 cm; 101.5+4.9 kg). The data
came from daily monitoring of all the players in the team throughout the season both in
training and in competition. Consequently, the approval of an ethics committee was not
required (Winter & Maughan, 2009).

Competitive match monitoring

The study was carried out using the WIMU PRO™ system (RealTrack Systems S.L.,
Almeria, Spain). Each device, whose dimensions were 81x45x16 mm
(height/width/depth) and weighed 70 g, was fitted to the back of each player with

adjustable bibs (Rasan®, Valencia, Spain). All the players were used to this type of device

68



4. Estudios de investigacién originales

and the way it is fastened, as they had trained with this system all season (Bastida-Castillo
et al., 2019; Bastida-Castillo et al., 2018).

Playing time was only recorded when the players were on court. The time spent
between player rotation, timeouts (a maximum of three per match), periods when the
game was interrupted and the disciplinary sanctions typical of handball where the players
must leave the court for two minutes were omitted.

As 14 games were monitored, all the players included in the study participated in
the game for an average of approximately 60 minutes per game. The team's game model
used mainly a 6/0 defence (six players aligned near the 6-metre zone) and was conducive

to a remarkably high game pace with many counterattacks.

Data processing

The positioning data record was monitored in real time and subsequently analysed using
the SPRO™ software version 937 (SPRO™, RealTrack Systems, 2018). The system
operates by means of triangulations between four antennas with patented ultra-wideband
technology (18 Hz sampling frequency) placed 5 m away from each one of the corners of
the court and at a height of 6 metres. These units include several sensors that record at
different sampling frequencies. The sampling frequency used for 3-axis, accelerometer,
gyroscope, and magnetometer was 100 Hz and 120 kPa for the barometer (Bastida-
Castillo et al., 2018; Bastida-Castillo et al., 2019).

A previous validation study has found a total bias in the mean velocity
measurement between 1.18 and 1.32 km/h while the bias in distance was between 2.32
and 4.32 m (Bastida-Castillo et al., 2018) In addition, good inter-unit and intra-unit
reliability was reported (intraclass correlation coefficients > 0.93) (Bastida-Castillo et al.,
2018).

The effective playing time (PT, in min), distance covered (TD, in m), maximum
speed achieved (m- s 1), average speed (m- s %) and high-speed running (HSR, distance
covered in metres above 5.0 m-s-1) (Michalsik et al., 2015; Ortega-Becerra et al., 2020)
were extracted from the raw data reported by the system using SPRO™ software. We
retrieved the distance covered at different speeds: walking (0.0-1.7 m-s), jogging (1.8-
3.3 m-s?), slow running (3.4-5.0 m-s?), running (5.1-5.8 m-st), high-intensity running
(5.9-6.7 m-s1) and sprint (>6.7 m-st). The total number of accelerations, decelerations,

high-intensity accelerations (HIA), high-intensity decelerations (HID) (in m-s?) and
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HIA/HID per min (m-s2-mint) were recorded. HIA and HID were defined as events
above 2 g (Barbero et al., 2014; VVazquez-Guerrero et al., 2019). We calculated the TPL
(Total PlayerLoad). The TPL is a vector magnitude expressed as the square root of the
sum of the squared instantaneous rates of change in acceleration in each one of the three
planes divided by 100 in absolute (Vazquez-Guerrero et al., 2019) or relative time -
TPL-min! - (Luteberget & Spencer, 2017; Wik et al., 2017).

Statistical analysis

Descriptive statistics are presented as means and standard deviations (SD). Differences
between playing positions were analysed using Cohen’s effect size (ES) statistics and
1+90% CI. The criterion for determining the size of the ES was: <0.2 | 0.2 to 0.59 | 0.6 to
1.19 | 1.2 to 1.99 | >2.0, considering these values as trivial, small, moderate, large and
very large, respectively (Hopkins et al., 2009). The percentage likelihood of difference
between groups was calculated and regarded as almost certainly not (<0.5%), very
unlikely (<0.5%), unlikely (<25%), possibly (25-75%), likely (>75%), very likely (>95%)
or most likely (>99.5%). A percentage likelihood of difference <75% was regarded as a
substantial magnitude. Threshold chances of 5% for substantial magnitudes were used,
meaning that a likelihood of >5% in both a positive and negative direction was considered
unclear. We also calculated significant differences. The Kolmogorov-Smirnov test
confirmed a non-normal distribution of all the variables analysed. The Kruskal-Wallis
test was performed to compare the four playing positions, followed by the Wilcoxon
signed-rank test with Holm adjustment to determine the differences between positions in
pairs. In the statistical tests that required it, the significance level was p<0.05. The
statistical analysis was performed using the R Studio Software (v1.1.463 Studio, Boston,
Massachusetts). The measurement error of all the metrics we used are not available, thus

we could not include them in our statistical analysis.

Results

The playing time did not present any significant difference between playing positions
(p=0.06), although CB (65.6+£12.6 min) played moderately more than LP (56.3+12 min,
ES=0.75) and slightly more than B (59+12.5 min, ES=0.5) and W (60.8+ 6.9 min,
ES=0.27). The total distances travelled were significantly different between playing
positions (p<0.0001). CB (4040+1007 m) and W (3903£1224 m) covered moderately
more distance (ES=1.06, p<0.001 and ES=0.77, p<0.0001, respectively) than B
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(3571864 m) and LP (3149+630 m) during a game. The distance travelled per minute
was significantly different between playing positions (p<0.0001). W (64.5+10.4 m-min°
1), CB (62.3+11.6 m-mint) and B (61.8+7.8 m-min!) travelled moderately faster on
average than LP (56.5+6.6 m-min-t, ES=0.91, 0.62 and 0.74 respectively).

TPL was significantly different between playing positions (p<0.05). CB
(71.2+12.6 AU) bore moderately more TPL than LP (59.5+12 AU, ES=0.7), slightly more
than B (62.3+17.7 AU, ES=0.5), although W had a similar load (68.1+23.1 AU,
ES=0.15). The total number of accelerations and decelerations performed during a game
were equivalent for W, CB and B (acceleration: 1167.5+337, 1166.9+203.9,
1125.9+£271.6, respectively, ES=0.01 to 0.15; deceleration: 1164.4+336.2, 1161.4+203.9,
1120.7+271.1, respectively, ES=0.01 to 0.18). LP differ only slightly from CB in this
aspect (acceleration: 1102.5+264.1, ES=0.22: deceleration: 1106.15+263.4, ES=0.21).
The analysis of the total number of accelerations and decelerations did not present any
significant (p=0.82 and (p=0.79, respectively) or substantial differences. Table 4 presents
the external load variable and Figure 8 the distance travelled at different speeds.

Discussion

To our knowledge, this is the first time that an elite men's handball team had been
monitored by IMUs during 14 official matches from a top-level national regular league.
The main findings are that CB and W differ substantially from B and LP. The external

load differences between CB and B are as high as can be justified a dedicated analysis.

Total distance, playing time and TPL

CB played more and travelled the greatest distance, followed by W, and LP had the least
external physical load. Despite some controversies in the calculation and meanings of
TPL, this metric is one of the most used variables to control external load during
competition and training in team sports (Luteberget, Holme, et al., 2018; Kniubaite et al.,
2019; Vazquez-Guerrero et al., 2019). CB bore the highest TPL, followed by W, B and
LP. To our knowledge, no study has been conducted with this metric. One might think
that time spent in the field (i.e., more opportunities to produce external load) should affect
the TPL expressed by unit of time (minutes). Surprisingly, this metric was practically

identical for all playing positions (= 1.1£0.2 AU-min™?).
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Table 4. Effect size and statistically differences between playing positions (IMU).

Variables Wings (W) ES Rating Center Backs (CB) ES Rating Backs (B) ES Rating  Line players (LP)
TPL-min (AU-min %) 1.1+0.2 1.1+0.2 1.1+0.2 1.1+0.2
CB: 0.11 trivial B: 0.20 trivial LP: 0.08 trivial
B:0.31 small LP:0.13 trivial
LP:0.24 small
MaxV (m-s?) 6.4+0.6" 6.3+0.6 59+0.8 6.2+0.8
CB: 0.12 trivial B: 0.52 * small LP:0.36 * small
B: 0.62 ** moderate LP:0.14 trivial
LP: 0.25 small
HSR (m) 410.3+193.2%® 243.2+130.2°¢ 161.7 +110.1 172.4 +96.0
CB: 1.10 *** moderate B: 0.66 * moderate LP: 0.05 trivial
B: 1.65 *** large LP:0.65* moderate
LP: 1.66 *** large
HSR - min? 6.6+2.3 37+17 26+1.6 32+1.8
CB: 1.64 *** large B: -0.50 * small LP:0.20 trivial
B: -2.05 *** very large LP:-0.28 small
LP: -1.80 *** large
HSR ¢ 39.6+18.2 349+18.1 23.4+158 243+11.2
CB: 0.30 small B: 0.64 * moderate LP:0.04 * trivial
B: 0.04 *** moderate LP:0.69 * moderate
LP: 1.02 *** moderate
HIA (m-s?) (n) 134.8 +60.7 148.7 + 59.2 121.2 £53.9 112.0 £ 33.6
CB: 0.23 small B: 0.49 * small LP:0.21* small
B: 0.24 small LP:0.76 * moderate
LP: 0.46 * small
HID (m-s?) (n) 1129+ 56 142.7+59.5 105.2 +49.2 99.6 + 28.9
CB:0.51* small B:0.69 * moderate LP:0.14 trivial
B:0.15 trivial LP:0.91 ** moderate
LP: 0.30 small
HIA-min (m-s2-min) 22+0.8 23+0.8 2.1+0.8 20+0.6
CB: 0.06 trivial B:0.26 small LP: -0.03 trivial
B:0.24 trivial LP: 0.32 small
LP: 0.46 small
HID-min (m-s2-min) 1.8+0.8 22+0.8 1.8+0.7 1.8+0.5
CB:0.41* small B:0.50 * small LP:0.05* trivial
B: 0.08 trivial LP:0.52 * small
LP: 0.05* trivial
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Figure 8. Distance covered at different speeds according to each playing position.

Note: Speed criteria: Walking (0-1.7 m-s), Jogging (1.8-3.3 m-s™), Slow running (3.4-5.0 m-s%), Running (5.1-5.8 m-s), High-
intensity running (5.9-6.7 m-s), Sprint (>6.7 m-s™). Statistical differences: large (p<0.0001): mmmm , moderate (p<0.01): s , small
(p<0.05): —— .Only effect sizes with a substantial probability of difference (> 75%) are shown.

This is a reminder of the complexity of the TPL formula, mainly based on acceleration,
and therefore not simply dependent on effective playing time or distance covered
(Luteberget & Spencer, 2017; Luteberget, Holme, et al., 2018; Luteberget, Trollerud, et
al., 2018). Furthermore, it is difficult to compare the results of this paper with those from
other handball studies, on account of different age (Mancha-Triguero et al., 2018),
population type: level (Luteberget, Trollerud, et al., 2018) and gender (Luteberget,
Holme, et al., 2018; Kniubaite et al., 2019) and game type: non-competitive games
(Barbero et al., 2014) and competitive games (Luteberget & Spencer, 2017; Wik et al.,
2017; Kniubaite et al., 2019). These results question the usefulness of this variable in
assessing external load in handball. Most of the works in the literature have merged CB
and B (Luig et al., 2008; Michalsik et al., 2015). To our knowledge, only (Cardinale et
al., 2017) and (Barbero et al., 2014) have studied CB separately, albeit with a different
tracking technology or in non-ecological conditions. Our results confirm that the external
loads borne by the CB are the highest and therefore call for a specific approach. The
results obtained by the other players are consistent with previous studies conducted by
video-recording (Karcher & Buchheit, 2014; Michalsik et al., 2015).

Running pace, distance and running speed
Many authors have measured the distance travelled per minute in their work, although the

different methodologies used to measure playing time (taking or not taking player
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rotations into account, team time out and actual playing time) have rendered this number
virtually impossible to compare (Barbero et al., 2014; Karcher & Buchheit, 2014).
Distance covered at different speeds is noteworthy since it is directly related to the game
model. The technical staff can therefore use this indicator to design training content,
particularly at metabolic level. All players, regardless of position, covered between 70%
and 78% of the total distance at a running pace of less than 3.3 m-s (walking and/or
jogging) and between 17% to 21% at between 3.3 and 5 m-s™t. W covered a significantly
greater distance above 5 m-s** compared to the other players. These results are consistent
with those of previous studies (Michalsik et al., 2013; Povoas et al., 2014), although it
should be borne in mind that hand notational technologies were used.

Sprint and high-speed running

Playing elite handball calls for a substantial volume of high-speed running (Barbero et
al., 2014). As stated before, IMU could have validity and reliability concerns when
measuring high-speed running (Bogild et al., 2020), therefore our results and conclusions
could not be definitive. However, these variables are extremely important for training and
the prevention of injury. Previous studies (Barbero et al., 2014) conducted with GPS
during 30-minute outdoor training games reported higher sprinting speeds for W (6.9+0.3
m-stvs. 6.4+0.6 m-s), similar results for CB (6.1+0.3 vs. 6.3+0.6 m-s!) and B (6.1+0.3
vs. 5.9+0.8 m-s?). LP reached a higher sprinting speed in our study (6.2+0.8 vs. 5.5+0.4
m-s1), which is even higher than B. Many factors could explain these differences, such
as the team’s game model, the individual characteristics of each player, fatigue (our data
were collected during whole games) and a higher number of games (i.e., 14). On
comparing the value of maximal sprinting speed expressed during games to sprint testing
(e.g., 30-m straight-line sprinting) some substantial differences emerge. In our study, the
mean maximal sprinting performed by W was about 17% (1.8 vs. 2.1 m-s™) lower than
that which was obtained by players from the same level in a 30-m sprint (Bogild et al.,
2020). This difference highlights the fact that it is highly likely that handball players do
not frequently reach their maximal velocity during games. Coaches should consider this
aspect. On the other hand, W presented the greatest high-speed load, as they covered the
higher HSR distance each minute and performed the highest number of HSR. CB
completed the highest number of HSR but with a low HSR value covered each minute

(3.7£1.7 HSR-min). This paradox could be related to the technical and tactical demands
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of this playing position. CB are a in a central position in which they perform many short
high intensity runs towards goal.

It is also useful to know how many metres players travel in HSR during a match.
These values are especially important for coaches to manage HSR volume during a
training session or a microcycle. Previous research conducted by means of video analysis
yielded similar results to our study, in which W covered the greatest distance at speeds
above 5 m-s! (Michalsik et al., 2015; Cardinale et al., 2017). It is worth noting that the
distance covered above 5.8 m-s* fluctuates greatly. The CV ranged from 46% for the
high-intensity runs to 145% (for running, high-intensity running and sprinting). These
variations reflect the unpredictable character of game demands in team sports (Véazquez-
Guerrero et al., 2019) and/or the limits of the device in high-speed running measurement.
Before drawing any definitive conclusion regarding high speed running and sprinting, we

need to be more confident about the validity and the reliability of the device.

Acceleration and deceleration

Players’ ability to accelerate and decelerate is particularly important in meeting tactical
and technical demands in handball. This is evident in the numerous changes of direction
that take place during a match (Karcher & Buchheit, 2014). Our results indicate that all
players perform a similar number of accelerations and decelerations. CB performed the
highest number of HIA (148.7459.2 n-s?) and HID (142.7+59.5 n-s2). This should also
be related to the technical and tactical demands of the playing position and the HSR per
minute. When these values were standardised by playing time (m-st-mint), the results
were similar (Table 4). These results coincide with those obtained in previous studies
conducted by means of video recording (Manchado et al., 2013), albeit not with others
(Karcher & Buchheit, 2014). However, the comparison of both studies is once again
difficult, either because they involved women or because they were based on GPS
monitoring during outdoor training games, respectively. Decelerations lead to a
significant eccentric demand on players, which could induce many negative effects (e.g.,
muscle damage) and injuries (Harper et al., 2019). The technical staff should monitor this
aspect. Even if the threshold is lower in our study (2 vs. 2.5 g), handball induces one of

the highest decelerations loads for players in team sports (Harper et al., 2019).

Methodological considerations
In most studies, CB were included with the lateral backs (i.e., right and left) in the Backs

category (Michalsik et al., 2013). This aspect is important, because this clustering
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potentially conceals some especially important information for the technical staff.
Probably, physical demands on the court decreases for CB and increases for LB, so that
it is difficult for the coach to adjust it. To our knowledge, only two studies have made a
distinction between these players (Barbero et al., 2014; Cardinale et al., 2017). Another
important consideration is that neither video-based nor IMU analysis could measure the
external load in handball extensively. The actions performed on the training field did not
always produce a movement or an acceleration. For example, to block their opponent, LP
use a high level of isometric strength and need to maneuverer vigorously with their arms
to gain an advantageous position. IMUs could register some movement (e.g.,
acceleration) in these situations but their intensities are far from the level of isometric
force required in this type of action. These activities produce a high cardiac output
(Povoas et al., 2014) but are not clearly observable with IMUs or video tracking. While
this study provides an analysis of the external load of male elite handball teams, it is
limited to certain global metrics and does not provide a further insight into handball-
specific movements such as sideways and backward displacements and jumps, hence

greater work is required to necessary to get elucidate these aspects further.

Limitations

A team can use different defensive systems (different spatial and functional organisation,
e.g., 6/0, 5/1) depending on the coach’s choice. These options rely on many factors (e.g.,
the opponents, coach philosophy and team characteristics). Each team chooses its own
defensive system but also must contend with the opponent’s. These tactical options are
likely to have many consequences in terms of physical demands, although we are not
aware of any study that confirms this hypothesis. The data presented in this investigation
are based only on home games (with a predominantly 6/0 defensive system and an
offensive game based on counterattack and speed) which can also affect game demands
(Dianaetal., 2017). Since we monitored the same team over 14 games, it should be noted
that many variables could have influenced outcomes, such as the level of the opponents
(Gomez Carmona et al., 2019) and game plan (Abdelkrim et al., 2010). Another issue is
that player rotation is unlimited in handball, and most teams use offensive and defensive
specialists with systematic changes. These constant rotations pose numerous difficulties

in analysing game demands.
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Practical applications

Our results could provide external load reference values for other handball male elite
teams. CB and W present a similar level of external load. This is important in designing
appropriate training content, particularly for high-speed running. These findings have
certain direct implications for injury prevention. Technical staff should apply the same
amount of speed training for CB and W. LP and B bear the smallest external load in our
study, but it should be remembered that IMUs could not accurately measure LP
performance. As a result, the needs of these two playing positions should be different. It
is important to adapt training load and training content to each playing position and
coaches should establish at least three different groups: 1) CB and W, 2) B, 3) LP.

Conclusions

The analysis of all the variables monitored with an IMU system suggests that both CB
and W positions have the highest external load, while by contrast B and especially LP
have the lowest load. W and CB perform a substantially greater number of sprints and
high-speed running than the other players. Some methodological and technological issues
limit the analysis of handball-specific movements (e.g., jumps and sideways and
backward movements) and research that overcomes these difficulties is called for.
Coaches and practitioners will also need to understand how contextual factors (e.g., level
of the opponent, game location, score and game plan) affect physical game demands. This
knowledge could lead to better training load manage and the design of specific training

content.
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4.2. Estudio 2: The effects of Covid-19 lockdown on jumping
performance and aerobic capacity in elite handball players

*  FontR., lrurtia A., Gutierrez J.A., Salas S., Vila E., Carmona G. (2021). The effects of
COVID-19 lockdown on jumping performance and aerobic capacity in elite handball
players. Biol Sport, 38(4):753-759.
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Abstract

Aims: The aim of this research was to analyse the capacity of a home-based training
programme to preserve aerobic capacity and lower limb explosive strength in top-level
handball players during the COVID-19 lockdown. Methods: Eleven top-level male
handball players from the same team participated in the study. A submaximal shuttle run
test and a counter-movement jump test were used to measure the players’ aerobic fitness
and lower limb explosive strength, respectively. A 9-week home-based training was
performed during lockdown. Pre-test measurements were assessed before the pandemic
on 29 January 2020 and ended on 18 May 2020. Results: Moderate significant mean heart
rate increases were found in the late stages of the submaximal shuttle run test after the
lockdown (stage 5, 8.6%, p = 0.015; ES = 0.873; stage 6, 7.7%, p = 0.020; ES = 0.886;
stage 7, 6.4%, p = 0.019; ES= 0.827). Moderate significant blood lactate increases were
observed immediately after the submaximal shuttle run test following the lockdown
(30.1%, p =0.016; ES = 0.670). In contrast, no changes were found in jump performance.
Conclusions: A structured home-based training programme during the COVID-19
lockdown preserved lower limb explosive strength but was an insufficient stimulus to

maintain aerobic capacity in top-level handball players.

Keywords: Elite team sports, detraining, heart rate, lactate, pandemic, jJumping
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Introduction

The first cases of Coronavirus (COVID-19 or SARS-CoV-2) were detected in Wuhan,
China, at the end of 2019 (Singhal, 2020). Subsequently, due to the effects of the virus
and its easy spread, different countries opted to quarantine and isolate their citizens,
confining them to their homes. In Spain, a state of alarm was declared on 15 March, which
affected the entire population (Mon-l6pez, Garcia-aliaga, et al., 2020). At the sporting
level, all territorial, national and international competitions were suspended. In handball,
the last matches were played on 7 and 8 March 2020 and all players had to stay at home
at least until 4 May 2020 (Mon-l6pez, De La Rubia, et al., 2020). The different
competitions did not resume again until August 2020 and only for elite teams (national
and European competitions). The importance in handball of certain levels of strength,
speed and aerobic endurance to withstand training and competition is well known
(Gorostiaga et al., 1999; Buchheit et al., 2009; Nikolaidis & Ingebrigtsen, 2013; Karcher
& Buchheit, 2014). It is also true that high intensity work is increasingly important due
to the increase in the number of possessions in the game and the pace of play (Karcher &
Buchheit, 2014). During this entire period of home confinement, the players had to work
in their respective homes to avoid partially or totally losing previously acquired
morphological and physiological adaptations through detraining/a decrease in training
(Eirale et al., 2020; Impellizzeri et al., 2020; Mujika & Padilla, 2000a, 2000b; Pefia et al.,
2021). The difficulties of finding optimal spaces to train or having adequate training
material and the uncertainty as to when competitions would resume generated frustration
and demotivation in many athletes during this period (Guilherme et al., 2020).
Individualized work routines were planned to reduce this training handicap as much as
possible, and to counter lack of motivation, poor nutrition and resting issues that may
affect the athletes’ ability to maintain proper habits and routines (Andreato et al., 2020;
Fikenzer et al., 2021; Jukic et al., 2020; Pefa et al., 2021). In many cases material was
provided to the players and group sessions were held by videoconference (Sarto et al.,
2020; Pefia et al., 2021). Most of the current research on detraining is characterized by
much shorter periods of time than that of this pandemic (Mujika & Padilla, 2000a, 2000Db).
However, there is a lack of information regarding the capacity of home training
programmes to preserve general fitness levels (lower limb explosive strength and aerobic

capacity) in top handball players during the COVID-19 lockdown.
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To the best of our knowledge, only one previous study (Fikenzer et al., 2021) has
investigated the effects of a given training programme in the aerobic capacity of elite
handball players. This kind of studies might provide valuable insights about the real
impact of home training programmes to prevent detrimental effects on the general fitness
of elite handball players. Accordingly, the aim of this research was to analyse the
effectiveness of a home training programme to preserve aerobic capacity and lower limb
explosive strength in top-level handball players during the COVID-19 lockdown.

Methods
Design

A retrospective design was used to compare the change in submaximal shuttle run test
and jump test performance. A 9-week home-based training was performed during
lockdown. Pre-test measurements were assessed before the pandemic on 29 January 2020
and ended on 18 May 2020. The tests were conducted on the same day, first performing
the submaximal shuttle run test in two groups of five and six players, respectively, and
then the counter-movement jump (CMJ) test. The submaximal shuttle run and the CMJ
tests were used to measure the players’ aerobic fitness and lower limb explosive strength

(both bilateral and unilateral), respectively.
Subjects

The study was conducted on 11 top-level male professional handball players from the
same team throughout the same season. These were all international players with their
respective national teams during the season in which they participated in this study. The
players were three wings (26.3 £ 3.7 years; 185.3 £ 4.7 cm; 83.2 + 6.5 kg), four backs
(29.5 £ 7.0 years; 193.3 £ 5.1 cm; 98.3 + 7.4 kq), three line players (27.9 + 6.4 years;
195.0 £ 3.0 cm; 105.3 + 9.2 kg) and one goalkeeper (27.9 = 0 years; 190.0 £ 0 cm; 84.0
+ 0 kg). The data was obtained from the periodic monitoring of the players during training
sessions. All players signed a contractual clause accepting their participation in research
projects, therefore approval by an ethics committee was not required (Winter & Maughan,
2009). However, all players were informed about the purpose of the study, the known
risks and possible associated hazards. The research was in accordance with the
Declaration of Helsinki, and professional players gave informed consent prior to

participation through their contracts.
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Submaximal shuttle run test

To assess the aerobic capacity of the players, the multistage 20 metre shuttle run test
(Léger et al., 1988) was performed up to stage number 8. The test consisted of running
continuously between two lines placed 20 m apart at running speeds increased by
appropriate intervals at a pre-recorded beep. Mean velocity started at 8.5 km-h* for the
first minute (stage 1), increasing by 0.5 km-h! every minute up to 12 km-h-! (stage 8).
During the test, heart rate (HR) was registered using a Garmin® HR strap. The HR monitor
was linked to the WIMU PRO™ system (Realtrack Systems, S.L., Almeria, Spain) and
data was analysed thereafter using mean HR values for each submaximal shuttle run test
stage. One minute after the end of the test, players were pricked in the earlobe to analyse
blood lactate levels (Rodriguez-Alonso et al., 2003; Matthew & Delextrat, 2009; Gupta
& Goswami, 2017). The analysis was performed with a Lactate Scout + lactate analyser
and Lactate Scout test strips (Nova Biomedical, Waltham, MA, USA).

Jump

The CMJ test was used to assess vertical jump performance as an indicator of lower limb
explosive strength (Carmona et al., 2015). Players performed a fast flexion movement of
the knee joint followed by a maximume-effort vertical jump, maintaining the hands-on-
hips position until the final phase of the jump. A contact platform (Chronojump
Boscosystem, Barcelona, Spain) was used to assess CMJ height. The hardware was
connected to a computer which displayed the vertical jump height (cm) using free
software (2.0.2., Chronojump Boscosystem Software, Barcelona, Spain). This type of
technology has proven its reliability and validity in other types of research with vertical
jump tests (Pueo et al., 2020). Players performed two bilateral CMJs and two unilateral
CMJs with each leg. The best result of each test (height, cm) was recorded and used for

further analysis.
Home training programme during COVID-19 lockdown

Each week during confinement, players received a structured training programme to
follow at home. Basically, the home-based training programme consisted in five training
days, from Monday to Friday, with a break over the weekend. During the first eight
weeks, three strength training sessions were performed per week (on Mondays,
Wednesdays, and Fridays) and two endurance-oriented sessions (on Tuesdays and

Thursdays). During the last week (week 9), two strength training sessions and five
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endurance sessions (three outdoor running sessions and two stationary bike sessions at
home) were performed. There was around a 40% reduction in workload volume between
what the players actually did at home during the COVID-19 lockdown compared to what
they would have performed under normal training and competition. During confinement,
players performed an average of 27 strength training sessions, including both individual
sessions and online group sessions. All sessions conducted at home followed the medical
recommendations derived from the COVID-19 pandemic (Bisciotti et al., 2020; Eirale et
al., 2020). All sessions were preceded by a general warm up consisting in ~10 min of low
intensity cycling (stationary bike), mobility and lumbo-pelvic stability exercises. In the
first four weeks, strength training was endurance-oriented and over the last four weeks
strength training was hypertrophy- oriented (Gémez et al., 2019). Individual hypertrophy-
oriented training programmes were organized in super-sets in which a combination of low
specificity level exercises (i.e., bilateral squat-based exercises) preceded slightly more
specific exercises (more dynamic correspondence with handball-specific movements, i.e.,
vertical jump exercises) (Gomez et al., 2019). Regarding endurance training, players
performed an average of 19 sessions. The first four weeks, players performed individual
strength-based HIIT circuits, and from the fifth week onwards they were prescribed
general aerobic fitness training sessions based on continuous and progressive exercises.
Both subjective RPE (Foster et al., 2001, 2021) and the OMNI Perceived Exertion Scale
(OMNI-Res Scale) for Resistance Exercise (Robertson et al., 2003) were used to prescribe
intensity during training sessions. See figure 9 for a complete overview of the basic

characteristics of the home-based training programme.
Statistics

Data were tested for approximation to a normal distribution using the Shapiro—Wilk test.
A paired Student’s t-test was used to evaluate differences in variables of interest (body
mass, mean heart rate, capillary blood lactate concentration, CMJ height) from Pre and
Post periods. Cohen’s d was used to calculate the effect size (ES). Thresholds for ES
statistics were trivial (ES<0.20); small (0.20<ES<0.59); moderate (0.60<ES<1.19); large
(1.20<ES<1.99); and very large (ES>2.0) (Hopkins et al., 2009). All data were reported
as mean + standard deviation and the level of significance was set at p < 0.05. All
statistical analyses were conducted using SPSS version 23.0 (SPSS Statistics, IBM Corp.,
Armonk, NY, USA).
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[ Home-based Traning Program ]
( Weeks 14 )( Weeks 5-9 )
R
[ Strength-based HIIT ] [ Aerobic Fitness ]
g Circuit Training
= 5 st u .
.E Home group (virtual) and Individual strength-based HIIT circuits Continuous running
= Stationary bike ok
® BW and/or low weight (2-3 OMNI-Res scale) exercises (mostly ~ ~45 min 4560 m"("’a"( 4-((,502PE Tande
2 based on the following examples): Intensity progression (from § g
© Squat, Lunge, Deadlift, Jumps, Push-up, Row, and Lumbo-pelvic stability to ~7 RPE)
5 (CORE) exercises Only the last week (week 9)
E RPE (session) range: 5-8
Training sessions average time (+SD): Training sessions average time (+SD):
45.8 + 12.3 min 53.3 £ 10.9 min
-
—
[ Strength (Endurance-oriented) ] [ Strength (Hypertrophy-oriented) ]
Programs Programs
Type 1: 3 x 30" work and 30" rest (~1 min between exercises) Players performed individualized routines based on the following
Type 2: 3 x ~12 reps with self-selected recovery (1-2 min range) training parameters:
o 3 x ~3-4 exercises super-sets of ~10 reps of each exercise. Self-
= C inati of the ing low weight (<5 OMNI-Res Scale) selected recovery (1-2 min range to maintain the prescribed effort
% exercises: [~7 RPE] between super-sets)
; Lower body: Hip and Knee dominant-exercise and Jumps (lateral, horizontal
= and vertical) BW and/or low weight (~56 OMNI-Res Scale) exercises (super-
% Upper body: Push and Pull-based exercises sets examples):
c Lumbo-pelvic stability (CORE) exercises 1. Asymmetric Chest Press + Shoulder Press + Medicine Ball Throwing
g exercise + Lumbo-pelvic stability (CORE) exercise
7] RPE (session) range: 5-8 2. Squat + Kettlebell Swing + Lunge + Hurdle Vertical Jump
Training sessions average time (+SD). Training sessions average time (£SD):
50.1 £ 10.6 min 54.9 + 12.8 min
Material
Players were provided with Elastic Bands, Free Weights, Hurdles, Kettlebells, Medicine Balls, Suspension Training Equipment

Figure 9. Home training programme overview. BW, body weight; HIIT, high-intensity
interval training; OMNI-Res Scale, Perceived Exertion Scale for Resistance Exercise;
RPE, rating of perceived exertion.

Results

No significant differences (ES = -0.036, trivial) were found in body mass following the

home training programme (pre-lockdown: 99.0 + 12.4 kg and post-lockdown: 98.6+ 12.7
kg).
Submaximal shuttle run test

Moderate, non-significant mean HR increases were observed in the early stages of the
submaximal shuttle run test (aerobic capacity) (from stage 1, 108 + 15and 117 + 11 bpm;
stage 2, 127 + 11 and 141 + 21 bpm; stage 3, 133 + 12 and 147 + 20 bpm; stage 4, 140 +
12 and 153 + 19 bpm of HR mean values from before and after the home training
programme, respectively) and moderate, significant changes were observed in later stages
(from stage 5, 145 + 13 and 158 + 15 bpm [p = 0.015]; stage 6, 152 + 12 and 164 + 14
bpm [p=0.020]; stage 7, 157 + 11 and 167 + 13 bpm [p = 0.019] of HR mean values from
before and after the home training programme, respectively) (see Figure 10). Finally, only
small, non-significant, increases were found in the last stage (stage 8, 163 + 10 and 168

+ 13 bpm of HR mean values from before and after the home training programme,
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respectively). It must be stated that results from this test were derived from 9 players due

to HR band registration problems with 2 of the players from the sample.
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Submaximal shuttle run test stages
Figure 10. Mean heart rate values from each multistage 20 metre shuttle run test. Black

circles, pre-lockdown; White circles, post-lockdown. ES, Cohen’s d effect size.
*Significantly different at p< 0.05.

Regarding lactate, moderate, significant increases (4.1+1.4 and 5.3+2.2
[p=0.016] mmol/L mean values from before and after the home training programme,

respectively) were found (see Figure 11).

Lactate (mmol-L™")
£ (=2
1 1
-

Pre Post

Figure 11.Capillary blood lactate concentration. Black circles, pre-lockdown (Pre);
White circles, post-lockdown (Post). ES, Cohen’s d effect size. *Significantly different
atp <0.05.

Jump test

No changes were found in jump performance (41.8 + 8.3 and 41.0 + 7.0 cm of bilateral

CMJ, 20.9 + 7.3 and 22.3 + 4.7 cm of unilateral CMJ [right], and 21.7 + 4.4 and 22.4 +

85



4. Estudios de investigacién originales

3.2 cm of unilateral CMJ [left] height from before and after the home training programme,

respectively) (see Figure 12).
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Figure 12.Counter movement jump (CMJ) height. Black circles, pre-lockdown (Pre);
White circles, post-lockdown (Post). ES, Cohen’s d effect size.

Discussion

The aim of this research was to analyse the ability of a home training programme to
preserve aerobic capacity and lower limb explosive strength in top-level handball players
during the COVID-19 lockdown. The home training programmes followed by the players
maintained lower limb explosive strength, measured as CMJ performance (jump height),

but appeared to be insufficient to maintain aerobic capacity.
Aerobic Capacity

Moderate, significant HR increases were observed in the last stages of the submaximal
shuttle run test after the COVID-19 lockdown (see Figure 10). This might be indicative
of a loss of aerobic capacity (Schneider et al., 2018; Dauty et al., 202). It has been well
established that detraining, due to training suppression or inadequate training, induces
maximum HR increases (between 5% and 10%) (Mujika & Padilla, 2000a). Although this
was not exactly the case during the lockdown scenario, the home training programmes
probably failed in providing a sufficient stimulus to maintain aerobic capacity in elite
handball players. This was also previously described by (Fikenzer et al., 2021) who found
that endurance capacity, measured by the maximum mean velocity achieved in a
multistage 20 metre shuttle run test, was diminished in most elite handball players from
a given team due to the unspecific and inadequate stimuli provided by a home-based
training program during the COVID-19 lockdown. Dauty et al. (2021), found similar
results with the yo-yo test in young football players. The dependence on volume of
endurance training responses (Fitts et al., 1975) would explain the incapacity of home
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training programmes to maintain aerobic capacity in highly-trained top handball players.
In fact, the home training volumes were approximately 40% lower than those achieved
during the regular season right before the lockdown. Moreover, our players only received
running-specific stimuli during the last two weeks of the lockdown (see Figure 9),
reinforcing the notion that the lack of training specificity also contributed, to some extent,
to the loss of aerobic capacity (Dauty et al., 2021; Fikenzer et al., 2021). The moderate,
significant increases in lactate after COVID-19 lockdown were also indicative of a
decrease in the players’ aerobic capacity (see Figure 11) (Mujika & Padilla, 2000a;
Nakisa & Ghasemzadeh, 2021). Specifically, lactate increases are indicative of a
reduction in the oxidative capacity of the muscle (Mujika & Padilla, 2000a) and present
a high correlation with endurance capacity in trained populations (Yoshida et al., 1987).
Altogether with HR values, these results confirmed that home-based endurance training
was insufficient to maintain aerobic fitness in top-level handball players. However, it
must be considered that since only moderate (ES) changes in aerobic fitness indicators
(HR and Lactate) were found after the lockdown, it seems reasonable to expect a rapid
recovery of pre (before lockdown) values when players returned to on-court sport-

contextualized training regimes.
Lower limb explosive strength

Regarding CMJ performance as an indicator of lower limb explosive strength (Carmona
etal., 2015), no changes were found between the two test periods (see Figure 12), showing
that the training stimuli provided by the strength home-based training programme (Figure
9) was adequate to preserve jump capacity. Despite certain signs of detraining in
neuromuscular-related qualities and peak power output, similar results have been
previously reported in the literature about home training programmes’ capacity to
preserve jump performance (height) in professional football players (Cohen et al., 2020;
Rampinini et al., 2021) and futsal players (Spyrou et al., 2021). Specifically, Rampinini
et al. (2021) analysed fifty professional football players and found that 2-3 bodyweight
or small weight strength training sessions per week at home during COVID-19 lockdown
preserved CMJ height despite a moderate (ES) loss in peak power output. Those authors
(Rampinini et al., 2021) also found similar results following the transition period, where
similar bodyweight training strategies were implemented. In this regard, it has also been
observed in national level handball players that a 7 weeks interruption of the external

weight-based strength training, were players only performed sport-specific training and
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bodyweight exercises, was enough to maintain jump performance (height) (Marques &
Gonzalez-Badillo, 2006). Therefore, and although a certain degree of loss in jump-related
neuromuscular qualities might be expected, home-based lower limb strength training
programmes, despite the differences in training contents and strategies (including
equipment), seem to be capable of maintaining jump performance measured as CMJ
height.

Limitations

An important limitation of this study was the impossibility of assessing the whole team
after the lockdown because many players were in their respective home countries. Despite
this limitation, 11 top-level handball players were analysed, all whom were international
players with their respective national teams. Finally, since the findings of this study come
from 11 high-level handball players from a single team, caution is advised when
generalising from these results, as different home training strategies in different team

sport athletes might induce different adaptations.
Practical applications

A structured home-based training programme based on body weight and low weight
exercises provides sufficient stimulus to maintain jump performance (jumping height), an
indicator of lower limb explosive strength, in top-level handball players. In contrast, the
home-based training programme described did not succeed in preserving aerobic fitness
in the cohort under study. An earlier implementation of aerobic fitness training strategies
might have helped in the preservation of players endurance capacity. However, since the
loss in aerobic fitness indicators was moderate (ES), a rapid recovery of pre (before
lockdown) values may be expected when players return to on-court sport-contextualized
training regimes. Overall, the results of this study support existing general
recommendations on the training approach during COVID-19 lockout periods (Yousfi et
al., 2020).

Conclusions

In conclusion, a structured home-based training programme during COVID-19 lockdown
preserved lower limb explosive strength but was an insufficient stimulus to maintain

endurance capacity in top-level handball players.
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4.3. Estudio 3: Analysis of the variables influencing success in
elite handball with polar coordinates

* Font R., Daza G., lrurtia A., Tremps V., Cadens M., Mesas JA., Iglesias X. (2022). E
Analysis of the variables influencing success in elite handball with polar coordinates. E'_ .
Sustainability, 14(23):15542. ilil

89



4. Estudios de investigacién originales

Abstract

In today’s elite handball, coaching staff seek to know as much as possible about all the
details of their sport to gain an advantage by adapting their model of play or by looking
for the opponent’s weak points. Therefore, the aim of this study was to analyse which
variables can influence success in each phase of the match with polar coordinates.
Observational methodology was used to analyse success or failure within the nature of
handball by means of an ad hoc observation instrument designed and validated for this
research. A total of 14 elite men’s handball matches from the 2019-2020 season were
analysed. The relationships between success and failure of all behaviours were performed
with polar coordinates. The results show that one of the keys to achieving victory in
matches is centred on a high level of success in the defensive phase that allows the team
to recover the ball and to be able to go on the counterattack to obtain a clear option for a
goal. This research allows us to see how we can achieve success in the different phases
of the game and improve team performance with these indicators. These results suggest
that it is necessary for teams to train at a high pace of play, linking the different phases of
the game in order to recover the ball in the defensive phase and attack in the shortest
possible time against an unstructured defence to achieve success in the match and the

final victory.

Keywords: Team Sports; Observational Methodology; Competition; Performance

indicators; Key Behaviour
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Introduction

There is a lot of research that has shown that knowing what the players need to endure on
a conditional level in handball is key to improving performance (Luteberget & Spencer,
2017; Luteberget, Trollerud, et al., 2018; Font et al., 2021) and, in turn, preventing

injuries (Monaco et al., 2019).

In handball, these needs have also been described either through the video tracking
(Cardinale et al., 2017), hand notational analysis (Manchado et al., 2013; Michalsik et al.,
2013) or more modern technologies such as inertial measurement unit technology
(IMU’s) (Font et al., 2021). However, in order to improve team performance, it is also
essential to know which tactical actions are more effective or less effective depending on
the model of play developed by the team in the different phases of the game. There is a
large body of research that has analysed what happens during handball matches. Which
offensive systems are used (Lozano & Camerino, 2012), the differences in counterattack
between seniors and young players same time, the effectiveness of the attack against
certain defensive systems have been observed (Rogulj et al., 2004; Jiménez-Salas et al.,
2020a;). Research has also been carried out on the effectiveness of attack at critical

moments in the game types of last action happen (Meletakos et al., 2011).

At the defensive level, the effectiveness of the goalkeeper has been investigated
(Pascual et al., 2010) assessing the interaction with teammates or the attacker/defender
ratio (Prudente et al., 2010), the relevance of defensive actions in the functioning of the
team has been analysed (Séez et al., 2009; Antunez et al., 2013) or the effect of fouls
within the defensive phase and analysed their effectiveness (Fasold & Redlich, 2018).
Other research has focused on looking at offensive and defensive coefficients in different
phases of the game (Séez et al., 2009), determining performance indicators to predict a
match win (Daza et al., 2017), analysing the game according to the state of the score (Séez
et al., 2009; Meletakos & Bayios, 2010; Montoya et al., 2013), assessing the influence of
symmetry/asymmetry on the number of players on the game (Garcia et al., 2004; Prudente
et al., 2022), and finding indicators of success or failure in the different phases of the
game (Daza et al., 2017). Success or failure has always been understood as being linked
in the offensive phases to scoring goals and not interrupting the rhythm of the game, and
in the defensive phases, the opposite: not conceding a goal, recovering the ball and cutting

the rhythm of the attacking play (Lozano & Camerino, 2012).
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All this research has been based on observational methodology, a technique widely used
and validated in the world of sport for this type of analysis (Anguera & Hernandez, 2013).
This methodology is developed in the usual context of sport. It is an ecological technique
(Lozano et al., 2016) that does not change the usual behaviour of players and unites
science and practical application (Pastrana-Brincones et al., 2021). The aim is to analyse
perceptible behaviours in order to be able to record, in an organised way, what happens
through an instrument containing the appropriate parameters created ad hoc (Morillo-
Baro et al., 2015). The different tools created by these investigations have analysed
criteria in defence, attack, and counterattack; the sequence, the score, and the numerical
situation of the players; and the area where the action takes place, or, the final result of
the action, be it offensive or defensive (Lozano & Camerino, 2012; Morillo-Baro et al.,
2015; Lozano et al., 2016; Daza et al., 2017; Jiménez-Salas et al., 2020b, 2020a).

Within the observational methodology, a technique widely used in the field of
sport is the analysis of polar coordinates (Castellano & Hernandez, 2003). This technique
was created by Sackett (1980) and subsequently improved with the “genuine technique”
of Anguera (1997). Its great usefulness is that it allows a significant reduction in the
volume of data and a vector representation of the relationships established between the
focal and conditional categories (Hernandez-Mendo & Anguera, 1999). This technique
offers us the possibility of estimating the type of relationships established between the
focal behaviour or criterion and the rest of those that make up the taxonomic system
(Castellano & Hernandez, 2002). The coordinate axis is divided into four quadrants.
Depending on the quadrant where the categories are located, there will be a relationship
with respect to the focal behaviour of activation or inhibition to the extent that this
relationship exists (Castellano & Hernandez, 2002). This technique has been used in
handball for the following applications: observing the effectiveness in the attacking phase
(Lozano & Camerino, 2012) and in close matches (Lozano et al., 2016), learning how
different defensive systems are attacked (Jiménez-Salas et al., 2020a), identifying
differences in counterattack between seniors and young players (Jiménez-Salas et al.,
2020b), and observing the numerical ratio of players in attack and its tactical modification
(Prudente et al., 2019).

The aim of this study is to identify which variables influence success or failure in
the different phases of the game in an elite handball team with polar coordinates. For this

reason, the multiple variables that intervene in the game and in each phase have been
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evaluated, considering the game model of the team analysed and how the other teams
play. Knowing how we can achieve success in the different phases of the game and which
variables determine performance should help the different technical staff to increase the
work on these variables in training to obtain certain advantages over the rival team in

order to win the game and improve performance.
Materials and Methods

Design

An observational methodology was used because it is adapted to the reality of sport,
capturing the nature of sport with an ad hoc instrument and being able to obtain a
systematic analysis (Anguera & Hernandez, 2013; Lozano et al., 2016). It is a
methodology widely used in sport analysis (Castellano & Hernandez, 2003; Garcia et al.,
2004; Pastrana-Brincones et al., 2021). The design used was defined as nomothetic,
punctual, and multidimensional, and placed in the IV quadrant of observational designs
(Anguera et al., 2020). It is nomothetic, due to the analysis of the plurality of the observed
teams facing each other; punctual, as we analyse different matches of the same team
together in a season; and multidimensional, as there are different dimensions that
correspond to the different criteria of the observational instrument. All the phases that
make up a handball match were analysed: attack, counterattack, transition defence, and

defence.

Sample

We analysed 14 FC Barcelona handball matches during the 2019—2020 season between
the Spanish League and the European Champions League played at home (Table 5). We
analysed FC Barcelona and the behaviour of their opponents when they played against
them. In the 14 matches, the play of a total of 23 FC Barcelona players was analysed.
These players played the entire season without an injury period in any of them that
prevented them from being fit to play in 80% of the matches. It should be noted that the
team played 39 games during the season, winning 38 and losing only 1, being a clear
winning team. The videos used were publicly accessible, so according to the Belmont
Report?, it is not necessary to obtain the informed consent of the players (Pastrana-
Brincones et al., 2021). Home matches were chosen because they were easier to obtain
and of better quality than away matches as they were obtained directly from the TV

production team.

93



4. Estudios de investigacién originales

The Belmont Report describes basic ethical principles and guidelines regarding ethical
issues in human research. In addition, this study does not require a review by a research
ethics committee, nor does it require written informed consent for the following reasons:
(a) it involves observation of individuals in public places (sports hall); (b) the individuals
or groups observed have no reasonable expectation of privacy; (c) it does not involve

staged researcher intervention or direct interaction with individuals.

!(https://student.societyforscience. org/human-participants)

Table 5. FC Barcelona matches played, competition and goal difference

Game Competition Goal difference
Anaitasuna Spanish League +17
Huesca Spanish League +23
Granollers Spanish League +14
Sagunto Spanish League +21
Cangas Spanish League +21
Sinfin Spanish League +24
Valladolid Spanish League +15
Celje European Champions League  +24
Elverum European Champions League  +9
Paris European Champions League +4
Aalborg European Champions League  +9
Flensburg European Champions League +4
Zagreb European Champions League  +9
Szeged European Champions League +2
Instruments

In order to carry out the research, an ad hoc observation instrument was constructed to
analyse all variables that can occur in all phases of a handball match (Table 6). All
categories fulfilled the requirement of completeness and mutual exclusivity (Anguera &
Hernandez, 2013; Jiménez-Salas et al., 2020b).
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The different criteria observed were:

- Criterion Competition: Type of competition belongs to the observed match.

- Criterion Observed Team: Team that in the observed moment realizes the phase.

- Criterion Phases of the Game: Different game sequences that we can differentiate
with the alternation of possession of the ball by a team.

- Criterion Number of Players: Relation of number of attackers and number of
defenders in the observed situation.

- Criterion Score: Difference in goals between the two teams.

- Criterion Sequences: Number of attempts within the same phase of possession or
recovery of the ball resulting from an interruption in the game.

- Criterion Defence: Team structure observed in the organized defence phase.

- Criterion Attack: Team structure observed in the system attack phase.

- Criterion Rival Defence: Structure of the rival team in the organized defence phase.

- Criterion Rival Attack: Structure of the rival team in the system attack phase.

- Criterion Passive Play: Tendency of the attacking team to retain possession of the
ball without attacking or throwing at goal.

- Criterion Player: Which player performs the observed action.

- Criterion Zone: Delimitation of six zones of the playing field where the different
actions of the game are developed.

- Criterion Intermediate Results: Situation that represents an interruption in the
game, the teams continue within the same phase and there is no alternation in
possession of the ball.

- Criterion Final Result: Different game actions that involve the change in possession
of the ball.

- Criterion Disciplinary Action: Sanction on unsportsmanlike conduct on any of the
components of the team observed.

- Criterion Rival Disciplinary Action: Sanction on unsportsmanlike conduct on any

of the components of the rival team.

The different categories are described in Table 6.
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Table 6. Observation instrument: tactical analysis success-failure (TAHSUFAIL)

Criteria Categories Description Criteria Categories Description
Competition ASO Spanish League Rival Defence  D60R Defence 6:0 Rival
CHA Champions League D51R Defence 5:1 Rival
Team TA Team A D42R Defence 4:2 Rival
B Team B D33R Defence 3:3 Rival
Phases game AT Attack MDR Mixed Defence Rival
CA Counterattack MDDR Mixed double defence Rival
DF Defence IDR Individual Defence Rival
D Transition Defence UDR Unstructured defence Rival
Number of EQ Equals ODR Other Defence Rival
players INF 1 1 player less without Gk Rival Attack ACWAR Circulate wing Rival
INF 2 1 player less with Gk AWDPR Double pivot wing Rival
INF 3 2 players less without GGk ABDPR Double pivot back Rival
SUP 1 1 more player (other No A24R Attack 2:4 with 2 Pivots Rival
Gk)
SUP 2 1 more player (other Gk) A33RPI Attack 3:3 with 2 Pivots
SUP 3 2 more player (other no A33R Attack 3:3 Rival
Gk)
ONS Other numerical OAR Other Attacks Rival
situations Passive play
Score w1 +1 PP Passive notice
w2 +2 Player Number Player’s number
w3 +3 Zone Z1 Ie - —
W4 +4 Z2
WPLUS4 >+4 73 .
DR Draw 74
L1 -1 Z5
L2 2 z6 - .
L3 -3 Intermediate BI Block but No Change Possession
L4 -4 Result F Foul No Change Possessions
LPLUS4 >-4 TI Throw  but No  Change
Possession
Sequences Sl Sequence 1 TO Time out
S2 Sequence 2 INTO Interception but no change
possession
S3 Sequence 3 7m Penalty
S4 Sequence 4 Final Result GL Goal
S5 Sequence 5 TR Throw and Change Possession
S6 Sequence 6 ST Goalkeeper Save the Ball
Defence D60 Defence 6:0 TF Foul and Change Possession
D51 Defence 5:1 INTIN Interception of the Ball
D42 Defence 4:2 BO Block and Change Possession
D33 Defence 3:3 PAS Passive and Change Possession
MD Mixed Defence Disciplinary 2M Player 2 min Out
MDD Mixed Double Defence Action YC Yellow Card
ID Individual Defence RC Red Card
UD Unstructured Defence BC Blue Card
oD Other Defence Rival 2MR Player 2 min Out Rival
Attack ACWA Circulate Wing Disciplinary YCR Yellow Card Rival
AWDP Double Pivot Wing Action RCR Red Card Rival
ABDP Double Pivot Back BCR Blue Card Rival
A24 Attack 2:4 with 2 Pivots
A33PI Attack 3:3 with 2 Pivots
A33 Attack 3:3
OA Other Attacks

Data Quality

This tool, TAHSUFALIL for the identification of success or failure, was validated by a
group of 13 experts. All of them have a degree in sports science and a minimum of
experience as handball coaches in first division teams in different countries. The
instrument was validated through the analysis of the Aiken V coefficient (Aiken, 1985)

between the experts’ ratings of the different categories determined 0.99 for belonging,
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0.97 for clarity, and 0.98 for total. The observation of the matches was carried out by four
observers, graduates in sports science and physical trainers with 10 years of experience
in handball. After a period of observer training with the TAHSUFAIL observation
instrument and the use of the software, the reliability of the observers was analysed
through intra-observer and inter-observer concordance tests. Table 7 shows the different
statistics that were used for the validation of the intra-observer and inter-observer tool:
Cohen’s Kappa (Krippendorff, 2018), Fleiss” Kappa (Fleiss et al., 2013) and lota
Coefficient (Conger, 1980). All the results obtained demonstrated reliability of the

observers.

Table 7. Intra- and inter-observer agreement

Coefficient for entire Intra- observer Inter-observer
session agreement agreement
Cohen’s Kappa 0.98 0.97
Fleiss’ Alpha 0.98 0.97
lota Coefficient 0.98 0.97

Matches’ Analysis

Once the tool was created and validated, all matches were analysed with the free software
LINCE PLUS, version 1.3.2 (Soto-Fernandez et al., 2021). A previous version of this
software has been used in various research projects in the field of handball with
observational methodology (Lozano et al., 2016). All the observation criteria and
instruments were entered into the software. At the end of the analysis of all observed
matches, we obtained a total of 2581 sequences. For each match, a coded record of all
data was exported in Excel format. Once the match data had been obtained, the Hoisan
programme was used (Hernandez-Mendo et al., 2014) for coding and subsequent analysis

with polar coordinates and the representation (Rodriguez-Medina et al., 2019).

Generalizability Analysis

A generalisability analysis (Cronbach et al., 1972) was performed using the SAGT
software, version 1.0 (Hernandez-Mendo et al., 2016) (see Table 8). Following the
habitual attack system of Miranda et al. (2019), two measurement plans have been carried
out to address: (A) the generalisability of the results obtained (number of plays that make
up the sample) and (B) the validity of the observation instrument: (a) the generalisability
coefficient (relative and absolute = 0.998) corresponding to the measurement plan

[Categories]/[Plays] establishes that with the number of plays analysed a high reliability
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of generalisation accuracy is obtained; (b) with respect to the [Plays]/[Categories]
measurement plan, the generalisability coefficient (relative and absolute = 0.000),
supports—in the theoretical framework of the generalisability theory—the validity of the

observation instrument designed (Blanco-Villasefior & Escolano Pérez, 2017).

Table 8. Results corresponding to the generalizability design [Categories] [Plays].

Sum of Degree of Mean % Standard
Sources of variation squares freedom square  Variance error
[PLAYS] 12.838 1667 0.008 0.000 0.000
[CATEGORIES] 3842.188 68 56.503 27.616 0.006
[PLAYS][CATEGORIES] 10048.711 113356 0.089 72.384 0.000

Procedures: Polar Coordinate Analysis

In order to find the most significant variables in the different phases of the game, the polar
coordinates technique was used to reduce the large volume of data obtained (Castellano
& Hernandez, 2003). This technique is based on a sequential analysis of prospective and
retrospective lags of the data obtained (Sackett, 1980; Anguera, 1997) and enables us to
observe the relationships that exist between the behaviours that make up the taxonomic
system we have created (Castellano & Hernandez, 2003). From this analysis, we obtained
contrast statistics, Zsum (Zsum = Zz/\n, where n is the number of delays) (Cochran,
1954) with delay ranges from —5 to +5. Once we had the results, we made a graphical
representation of the relationships found between the focal and conditioned categories at
the vector level (Hernandez-Mendo & Anguera, 1999). The length of the vector is the
distance between the origin of coordinates Zsum (0,0) and the intersection point (Zsum
value of the focal behaviour on the X-axis and Zsum value of the conditioned behaviour
on the Y-axis). Relationships are considered significant (p < 0.05) when the lengths are
greater than 1.96 (Tarrago et al., 2017). This value is obtained with the square root of the
sum of the square of the Zsum of X (prospective) and the square of the Zsum of Y
(retrospective). In addition, the angle of the vector (¢ = Arc sine of Y/Radius) determines
the nature of the relationship (Castellano & Hernandez, 2003). The characteristics of each
quadrant of the polar coordinates are expressed in Figure 13 (Castellano & Hernandez,
2003). The focal behaviours used were SUCCESS and FAILURE and were related to the

other criteria.
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Figure 13. Quadrant characteristics of the polar coordinates. The focal behaviours were
SUCCESS and FAILURE and were related to the other criteria.

All the categories observed through the observation tool should explain how we can
achieve success or failure in the different phases of the game through this polar coordinate
analysis. If we analyse only success, we considered that, at the defensive level, all criteria
that entailed a disruption of the opposing team’s attacking play or the recovery of the ball
and possession were understood as success. On the offensive level, anything that was
finishing an attack with a goal or achieving numerical superiority for the team was also
considered a success. In terms of failure in the offensive phase, any interruption of play
by the opposing team or loss of possession for various reasons was considered a failure.
In the defensive phase, everything that led to conceding a goal or suffering a numerical

inferiority in the number of players was also analysed as a failure.

Results
The analysis of the data with the polar coordinate’s technique gave us a behavioural map
of the focal behaviours, SUCCESS and FAILURE, with the other behaviours of the

observation tool in the different quadrants (Table 9).
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Quadrant | (Prospective and retrospective activation):

In Quadrant I, where the relationship between the behaviours is one of mutual prospective
and retrospective activation, all the categories that relate to the focal behaviour mean that
the more times they are performed during the match, the more they stimulate this success
and vice versa; there is a double activation. With the results obtained in the behaviour
SUCCESS (Figure 14), this is related to the 6:0 defensive system (9.49) itself and, in turn,
to the defensive phase (9.53). There is also a relationship with the opposing team’s attack
when they attack with a circulation of the team’s wing (2.18), attack with a double pivot
by a wing (5,38) and attack with a double pivot by a back (2.68). There is also a
relationship with the counterattack phase (5.86), Zone 1 finishing (2.58), sequence 1
(2.51), interception and recovery of the ball (2.20) and defensive blocking and change of
possession (2.10). When analysing the focal behaviour FAILURE (Figure 15) in
Quadrant I, there is a relationship with the circulation of the wing (2.84) and the
transformation of a wing to a pivot (6.0). At the defensive level, there are relationships
with the 5:1 defensive system, of the observed team (2.10) and the opponent’s (2.24),
other defences of the observed team (3.88) and opponent’s (3.39), and unstructured
defence (7.70). There is also a relationship with transition defence (9.02), Zone 2 (2.03),

the throw-in without changes of possession (1.98), and sequence 2 (2.27).

Quadrant Il (Prospective inhibition and retrospective activation):

In Quadrant Il, where there is prospective inhibition and retrospective activation, the
relationships with the successful focal cease to have positive activation as the match
progresses. This is probably due to an adaptation of the opposing team to the situations
presented. In this quadrant, there are relationships with the focal behaviour success with
the attack phase (13.24), the own attack with the 3:3 system (11.26), and the opposing
defence with the 6:0 system (10,60). We also found relationships with Zone 4 of
completion (3.26), sequence 3 (2.25) and the penalty action (3.92). If we look for the
relationship with focal behaviour failure, we see that there are relationships with the
opposing 3:3 offensive system (5.08), the own defence phase (9.79) and the goalkeeper’s
save (2.18).

Quadrant I11 (Prospective and retrospective inhibition):
In Quadrant Ill, the existing relationship is one of mutual inhibition. The behaviours
analysed in this quadrant indicate that we did not achieve any benefit at any time during

the match, so we could consider their usefulness.
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The relationships we found with the focal behaviour success were circulation of a wing
(3.18) and attack with a wing as a double pivot (6.41). At the defensive level, we observed
a relationship with other defences (4.07), unstructured defence (7.53) and other defences
by the opposing team (3.52). There was also a relationship with transition defence (8.67),
Zone 2 (2.11), sequence 2 (2.39) and the throw-in without change of possession (2.07).
The relationships we found with the focal behaviour failure were inhibition in the 6:0
defensive system (9.82), the circulation of a wing (2.40), the double pivot attack by a
wing (6.07) and the double pivot attack by a back (2.20) all by the opposing team. There
is also a relationship in the counterattack phase (5.42), Zone 1 (2.24) and Zone 5 (2.46)
finishing.

Quadrant IV (Prospective activation and retrospective inhibition):

In Quadrant 1V, there is an asymmetrical relationship between prospective activation and
retrospective inhibition behaviours. As the analysed category is realised, it becomes more
effective in relation to the focal behaviour. Regarding focal behaviour success, there is a
relationship with the rival attack with the 3:3 system (5.29) and with the goalkeeper’s
save (2.52). If we analyse the focal behaviour failure, can be observe relationships with
the attack phase (1275), the 3:3 offensive system (11.06) and other attacks (1,.99).
Additionally, with the opposing 6:0 defensive system (10.23), the finishing Zone 4 (3.54),
the penalty action (3.97) and the interception and recovery of the ball (2.28)

A33
g ¥

] \" 1] \")

Figure 14. Vector maps for local behaviour SUCCESS.
NOTE: I: Quadrant I; II: Quadrant Il, 11: Quadrant I1I; IV: Quadrant IV

101



4. Estudios de investigacidn originales

Table 9. Significant relationships between focal behaviours SUCCESS and FAILURE.

Criterion SUCCESS FAILURE
Behaviour
Q Paring Behaviour Vector T-Angle Paring Behaviour Vector T-Angle
Module Module
Defence 60 9.49 4.97 Circulate Wing 2.84 77.53
Circulate Wing Rival 2.18 31.25 Double Pivot Wing 6.01 322
Double Pivot Wing Rival 5.38 2.71 Defence 51 Rival 2.24 33.81
Double Pivot Back Rival 2.68 14.12  Other Defence Rival 3.39 49.56
Defence 9.53 0.75 Defence 51 2.10 70.51
I Counterattack 586 13.27 Other Defence 3.88 66.62
Zone 1 2.58 11.44 Unstructured Defence 7.70 20.18
Sequence 1 2,51 21.23 Transition Defence 9.02 18.32
Interception of the Ball 2.20 9.71 Zone2 2.03 85.57
Block and Change Possession 2,10 63.27 Throw ]?m No Change 1.98 62.61
Possession
Sequence 2 2.27 55.12
Attack 33 11.26 179.05 Attack 33 Rival 5,.08 177.89
Defence 60 Rival 10.60 176.70 Defence 9.79 178.68
Attack 13.24 179.57 Goalkeeper Save the Ball 2.18 166.99
B Zone 4 3.26 144.47
Sequence 3 2.25 156.04
Penalty 3.92 145.98
Circulate Wing 3.18 253.38 Defence 60 9.82 183.29
Double Pivot Wing 6.41 182.30 Circulate Wing Rival 2.40 207.88
Other Defence Rival 3.52 238.07 Double Pivot Wing Rival 6.07 181.81
Other Defence 4.07 247.71 Double Pivot Back Rival 2.20 185.79
111 Unstructured Defence 7.53 203.26 Counterattack 542 195.70
Transition Defence 8.67 200.57 Zone 1 2.24 196.18
Zone 2 2.11 260.82 Zone 5 2.46 247.55
Sequence 2 2.39 224.36
Throw No Change Possession 2.07 239.26
Attack 33 Rival 5.29 359.63 Attack 33 11.06 359.06
Goalkeeper Save the Ball 2.52 334.93 Other Attacks 1.99 331.99
Defence 60 Rival 10.23 356.09
v Attack 12.75 358.45
Zone 4 3.54 326.95
Penalty 3.97 330.89
Interception of Ball 2.28 194.42
Il | ] ey |
P ~ A .3
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Figure 15. Vector maps for local behaviour FAILURE.
NOTE: I: Quadrant I; Il: Quadrant Il, I11: Quadrant I1I; IV: Quadrant IV
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Discussion

The aim of this study was to analyse the variables that influence success or failure in the
different phases of the game in a season in an elite men’s handball competition with polar
coordinates. This analysis technique is novel for analysing all the variables that assess the
performance of an elite men’s handball team. There is research that has analysed with the
same technique the performance of different factors at national team level in handball
(Lozano & Camerino, 2012; Lozano et al., 2016; Prudente et al., 2019). This technique
has also been used in other sports with two other analysis techniques (T-Patterns and
sequential analysis) to analyse fencing (Tarrago et al., 2017). In basketball, this polar
coordinate technique has also been used both in the analysis of the game (Nunes et al.,

2021) and in the analysis of coaches’ responses (Nunes et al., 2022).

In our research, on an offensive level, both in the positional attack phase and in
the counterattack phase, success was understood as all actions that ended with a goal or
where an advantage was achieved for the attacking team such as a disciplinary sanction
of the opponent (yellow card, exclusion, or disqualification) or a clear action of
completion such as a penalty. Failure was defined as any action where a shot was missed,
either by a save by the goalkeeper or by throwing it wide, any defensive action that
stopped the rhythm of play of the attack (foul), or the loss of the ball due to an opponent’s

interception or an own loss in a pass, for example.

To evaluate success in the defensive and transition defence phase, we defined it
as any action that managed to recover the ball either by intercepting it, by a save or by a
block. We also consider within success any action that stopped the rhythm of play of the
rival attack (foul). All actions where a goal was conceded, a defensive player was

penalised, or a clear penalty was awarded were defined as a failure.

In our search for references, we have not found any research where a regular
season of an elite men’s team is analysed in the different phases of the game through polar
coordinates. From this analysis we have tried to find out which are the behavioural
patterns that lead us to achieve our goals in the different moments of the game and the

relationships with the different criteria of the game.

Defence

The observed team obtained a strong relationship in this phase with the focal behaviour

success. The defence and, more specifically, the defensive system 6:0, were located in
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Quadrant I, demonstrating this mutual excitation between the two behaviours, confirming
the behavioural relationship in Quadrant I11 with the focal behaviour failure. The system
6:0 was the most used in most of the team’s games, data that have also been demonstrated
in another research (Lozano & Camerino, 2012; Jiménez-Salas et al., 2020a;). In turn,
when the opposing team tried to overcome the defence with tactical actions common in
handball such as the circulation of the wing, the transformation to double pivot by a wing
or a first line, the defence was able to counter them efficiently. These data are also
confirmed by the relationships obtained with the failure behaviour and the data from
Quadrant I11. In other research, they observed that attacks with transformation were more
effective than those without (Garcia et al., 2004). This could be argued from our results
due to an evolution of the current game, being more direct, with more possessions and
faster actions that do not slow down the game as much (Meletakos & Bayios, 2010). If
we analyse another habitual attack system, the attack 33 rival behaviour (Jiménez-Salas
et al., 2020a), we see that its location was found in Quadrant Il in the success behaviour
and in Quadrant Il in the failure behaviour, indicating that, surely, as the minutes of the
games progressed, the defensive system adapted better to this structured attack system,
managing to counteract it and stimulate defensive success on the part of the team

observed.

Different conditioned behaviours supported team success in this phase such as
interception and block and their location in the first quadrant. Other research also showed
that defensive performance was one of the indicators to adequately predict victory in a
match at the men’s national team (Daza et al., 2017) or club level (Saez et al., 2009).
When analysing the pace of play of the opponent’s attack, it was observed that in
Sequence 1, the team was able to stop the opposing team effectively, and also in Sequence
3, although it was losing its relationship with success as the match progressed. This
relationship was also observed in different studies where the winning team made moves,
forcing the opposing team to find worse finishing situations or areas (Lozano et al., 2016;
Lozano & Camerino, 2012). However, other research also showed that stopping the
attacking pace of the opposing team with successive fouls did not improve the success of
the defence (Fasold & Redlich, 2018). On the contrary, we were also able to observe that
as the minutes progressed in the matches, more penalty actions were conceded, being a
clear option of completion by the attacking team, bringing us closer to the focal failure

behaviour.
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The analysis has shown an important part of the success of a defensive system is related
to the performance of the goalkeeper (Pascual et al., 2010). The data obtained showed
that as the goalkeeper’s performance improved, his relationship with success behaviour
increased and decreased with failure behaviour. There is other research that supports these
results, showing that the winning teams were those that achieved a greater number of
saves by their goalkeepers (Saez et al., 2009; Pascual et al., 2010), also demonstrated that
the losing teams made more shots from areas far from the goal, being easier for the
goalkeeper (Saez et al., 2009; Lozano et al., 2016). It was also observed that the
goalkeeper’s performance plays a decisive role in the final result (Antinez et al., 2013),
combined with adequate offensive efficiency (Pascual et al., 2010).

The team was found to be more solid in its main defensive system, a formed and
structured defence as when, for circumstances, it performed other defence or unstructured
defence, the tendency was towards failure (Quadrant 1), as demonstrated in other research

where attacks were more successful in front of unorganised defences (Rogulj et al., 2004).

Counterattack

The fact that at the defensive level, the team observed had a significant relationship with
success behaviour, influenced the relationships in this phase. Various studies have shown
that good defensive efficiency leads to an increase in the number of counterattacks and a
clear opportunity to shoot. This phase can start with ball stealing (Meletakos et al., 2011;
Daza et al., 2017), a good performance by the goalkeeper (Séez et al., 2009; Pascual et
al., 2010) or a good relationship between defensive efficiency and the goalkeeper
(Jiménez-Salas et al., 2020b).

If we look at the relationship between the focal success behaviour and the
conditioned behaviours counterattack and Sequence 1, we can deduce that the team
analysed obtained a high performance in this phase, and that their game, linked to the
previous phase, promoted trying to finish more actions in this phase than in the static
attack. These findings follow the same line as other research that showed that
counterattacking is commonly performed in Sequence 1 (Lozano & Camerino, 2012) and
is often more successful than structured attacking as it is attacked against unstructured
defences (Rogulj et al., 2004). Other research showed that the difference between winning
and losing teams was the goals scored in this phase (Rogulj et al., 2004). Looking at the
results obtained by the team in Table 8, it could be said that the observed team was clearly

a winner.

105



4. Estudios de investigacién originales

The reason that the game model deduced from the team was based on an efficient defence
that allowed for easier finishing options in the counterattack phase is surely due to the
direct relationship of this phase with success in the match demonstrated in multiple
investigations (Rogulj et al., 2004; Antunez et al., 2013; Daza et al., 2017), but also with
a direct relationship with success in the defensive phase (Saez et al., 2009). To confirm
this argument, the data obtained with focal failure behaviour and this phase also reaffirm

this assumption.

Attack

The results obtained in the research confirm those found in other research. They also
showed that winning teams were characterised by fast attacks and not by the prolonged
and interrupted attacks more typical of losing teams (Rogulj et al., 2004). In order to cut
the pace of the game and increase the sequences, opposing defences tried to stop actions
in Zone 2, the zone where the attack is created and where many free hits are usually
produced. They also tried to lengthen the sequences so that they did not shoot easily in
order to increase the error (Interception of Ball) (Lozano et al., 2016; Daza et al., 2017;).
Even so, it was not enough to slow down the attack of the team observed by looking at

the results obtained in the matches analysed (Table 5).

It can also be observed that the team was losing effectiveness in its offensive
system 33, the most used in other research (Jiménez-Salas et al., 2020a), against the rival
defence, making the attacking phase approaching failure and moving away from success.
This loss of activation with success was probably caused by an adaptation of the opposing
team’s defensive systems, by an increase in turnovers, by the increase in fatigue as the
game progressed on the part of the attack or by the differences in the score, and the
offensive relaxation on the part of the team observed (Lago et al., 2011). Another
behaviour that confirms this tendency is Sequence 3, whereas the game progressed, it
became less related to success. The attack tried to overcome the rival structured defence
with different tactical actions (circulate wing; wing to double pivot), but their relationship
was closer to the focal behaviour of failure rather than success. Even so, the observed
team’s attack was superior to the opposing defence in general in the static phase, given
the results obtained, confirming data from another research (Séez et al., 2009; Daza et al.,
2017).
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Where the team observed had the most problems was in attacking the opposing team’s
defensive system 5:1 or other defensive systems. It is curious that, analysing this data, the
opposing teams did not use these systems to try to stop the team’s offensive success. This
greater opposition of the defensive system 5:1 by the attack is in line with the results
obtained in other studies that obtained the same conclusions, being the system that
generated the most problems for the attack, but being an alternative, not being the main
defensive system, with a clear relationship with the score, being either very much in
favour or very much against. It seems that teams used this system as a desperate measure
to stop the opponent’s static attack as observed in other research (Jiménez-Salas et al.,

20204a).

Transition Defence

Being a team that achieved a high level of success in the offensive phase, especially in
the counterattacking phase, this phase probably did not occur too many times in the
different matches, or its transition defence forced the opposing team not to carry out a
large number of counterattacks. However, we must bear in mind that when this phase did
occur, it was usually not very well organised, and the opposing team was successful. This
could lead us to believe that this phase should be improved as they are easy finishing
options for the opposing team as well as the counterattack of the team analysed. Having
demonstrated the effectiveness and importance of the counterattacking phase for success,
we can understand that this phase is associated more with failure, in any team, however
little happens, rather than success (Antlnez et al., 2013; Daza et al., 2017; Rogulj et al.,
2004).

Limitations

In handball, different game models, different offensive and defensive systems can be used
depending on the choice of the coach and the opponent. In this research we have tried to
analyse two different types of competitions, a national league and a European league, in
order to try to observe different patterns of play and to have a much broader view. Since
the same team has been observed in all 14 matches, its playing pattern may have
influenced the results, more so since it is a clear winning team. It must be considered that
the team's predominant defensive system was 60 and an offensive game based, above all,
on counterattack. If we combine this model of play with the fact that the team's squad was
made up of top international players, we can understand the pace of the game and the

predominance of the counterattack phase.
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Practical Applications

The results found in the research reaffirm those obtained in other studies. It is key to
defend successfully to be able to carry out the most decisive phase for winning teams, the
counterattack. This indicates that the technical staffs, must dedicate an important part of
their training tasks to improve defensive success and insist on a high pace of play in the
offensive phase, more specifically in the counterattack. Surely, to be able to carry out
these tasks, a great relationship with the conditional work is needed, so that the players
can withstand a high training load, as in competition, and do not suffer injuries typical of
this model of play (Font et al., 2021).

Conclusions

The analysis of success or failure in the different phases of the game in an elite men's
handball match suggests, as in other research, that one of the keys is the defensive phase,
not conceding goals and recovering the ball. Another key, linked to recovering the ball,
is the counterattack, to obtain clear goal scoring options. Success in these two phases is
key to winning matches and being a winning team. This suggests that it is necessary to
focus on training with a high pace of play, linking the different phases of the game to
achieve the objectives set for the match, recovering the ball, and attacking with the least
possible time in front of an unstructured defence. One limitation we have encountered is
the lack of existing research on the transition defence phase. Conclusions could be drawn
in this phase by comparing what happens in the counterattack, but an in-depth analysis of

how to counteract the success of the counterattack should be developed in future research.
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4.4. Estudio 4: The effect of training schedule and playing
positions in training loads and game demands in
professional handball players

* Font R., Karcher C., Loscos-Fabregas E., Altarriba-Bartés A., Pefia J., Vicens-
Bordas J., Mesas J.A., Irurtia A. (2023). The effect of training schedule and playing
positions in training loads and game demands in professional handball players. Biol
Sport, 40(3):857-866.
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Abstract

In this research, we aimed to (1) describe the differences in internal and external load
between playing positions and (2) characterize the training demands of the days before
competitive events for professional handball players. Fifteen players (5 wings, 2 centre
backs, 4 backs, and 2 pivots) were equipped with a local positioning system device during
training and 11 official matches. External (total distance, high-speed running, player load)
and internal loads (rating of perceived exertion) were computed. Substantial differences
were recorded between the external load variables depending on each playing position
and depending on whether it was a training day (high-speed running: effect size (ES) >
2.07; player load: ES> 1.89) or a match (total distance: ES> 1.27; high-speed running:
ES> 1.42; player load: ES> 1.33). Differences in internal load were not substantial. The
rating of perceived exertion, at this competitive level, does not seem to discriminate the
differences registered in the external load, probably due to the degree of adaptation to the
specific effort of these players. The large differences observed in external load variables
should be used to tailor practices and better adjust the training demands in professional
handball settings.

Keywords: external load, team sports, IMUs, internal load, RPE
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Introduction

In-season load monitoring is relevant in high-performance team sports as this process
gives critical information to the technical staff. This information allows coaches to adapt
the training contents, helping players perform to the best of their abilities during games
(Manzi et al., 2010) with reduced injury risk (Caparrés et al., 2018). Despite this
relevance, no studies, to the best of our knowledge, have analysed the training demands
in handball as in other team sports such as football (Martin-Garcia et al., 2018) or
basketball (\Vazquez-Guerrero et al., 2020).

Previous studies in handball suggest that many factors affect the playing demands
during games. Thus, gender (Luteberget, Trollerud, et al., 2018; Font et al., 2021;),
playing level (amateur handball players accumulated a lower total distance) (Gonzalez-
Haro et al., 2020), or age (adolescent handball players showed lower levels of exercise
intensity, in the second half of matches) (Ortega-Becerra et al., 2020) have been reported
in different pieces of research. It is worth noting that many studies (Manchado et al.,
2020; Font et al., 2021) show that playing positions modulate the game demands
considerably because tactical roles attributed to each playing position are very specific
(Karcher & Buchheit, 2014; Michalsik et al., 2015).

Thus, the external (Povoas et al., 2014; Cardinale et al., 2017; Manchado et al.,
2020; Font et al., 2021) and internal load game demands (Chelly et al., 2011; Manchado
et al., 2013) have been studied in different research studies. For instance, pivots (PIV)
travel lower total distances (3149 + 639 m) (Font et al., 2021), while wings perform the
highest number of sprints (Manchado et al., 2020) and cover the highest high-speed
running (HSR) distances (1229 + 129.4 m) (Povoas et al., 2014). Playing position also
influences internal load substantially (Chelly et al., 2011; Manchado et al., 2013). Povoas
et al. (2014) found that back players and pivots had the highest average heart rate (HR)
values and total game time at intensities >80% HRmax. Therefore, and considering these
previous results, monitoring game demands is relevant. However, training sessions
represent the most significant part of the weekly training load (at least in volume), and
we should accurately monitor them. We hypothesize that training demands are influenced
mainly by playing positions, and these differences could have substantial consequences
in training load management (Ravé et al., 2020) and could explain injury rates (Caparros

et al., 2018). Understanding these variations may improve load management (Ravé et al.,
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2020) and mitigate injury risks (Caparrés et al., 2018). Optimizing training to prepare
players for competition with specific tasks also seems essential (Tarrago et al., 2019).

It is also worth noting that physical profiles differ between playing positions
(Kruger et al., 2014; Schwesig et al., 2017), also influencing training loads (Impellizzeri
et al., 2019). Thus, body dimensions are relevant as they can alter training load (Karcher
et al., 2014; Martinez-Rodriguez et al., 2020). These differences add disparity to the
training response, making training individualization necessary (Krlger et al., 2014;
Schwesig et al., 2017).

Another aspect to consider is the management of training loads to help players
perform during games to the maximum of their abilities. Many studies have shown that
periodization is crucial for performance (Ravé et al., 2020) and injury prevention
(Caparros et al., 2018).

To be physically prepared for the match, players must train to develop specific
physical skills (e.g., lower limb muscle power and ability to accelerate) in an optimal
manner close to or superior to competitive demands (Tarrago et al., 2019). The knowledge
of such game demands can lead professionals to apply the approach “train as you play”
(Holt et al., 2006); however, despite its importance, there appears to be no study in
handball that provides this information. We do not know, for example, whether games
offer the highest load of the microcycle. It is paramount, then, to compare training and
game demands. Training load management control is a crucial driver of performance in a
team sport (Ravé et al., 2020) and a strategic advantage for the different coaching staff
(Martin-Garcia et al., 2018).

The aims of this research are 1) to describe the internal and external training load
differences between playing positions and 2) to characterize the training demands to
compete for every training day. Therefore, we examined the differences in internal (RPE)
and external (using inertial measurement units (IMUs)) loading concerning training days,
playing positions, and competitive playing demands. Our findings should help coaches to

design playing positions' specific training content related to game demands.
Material and methods

Experimental approach to the problem
We conducted a cross-sectional, observational study to determine the differences between

playing positions during games and practices of a team playing in the second division of
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the Spanish handball competition during the 2018-19 season. The reported results
consider the average values of 11 competitive home games and 25 weeks of practice.
There were usually four training sessions a week; the day before the competition (match
day; MD) was MD-1, two days before the competition (MD-2), and so on until MD-5.
The research data emerged thanks to the daily monitoring of the players conducted in
training and competition; therefore, relevant approval of the ethics committee was not
required (Winter & Maughan, 2009). The study was conducted following the ethical
principles for biomedical research with human beings, established in the Declaration of
Helsinki of the World Medical Association (updated in 2013), and the club’s managerial

structure approved its implementation.

Subjects
Fifteen professional handball players participated in this study. Some of the players were
internationals with their national teams as they were still in their formative stages. Players

were grouped according to their usual playing position during the competition (Table 10).

Table 10. Physical characteristics of the players (mean * standard deviation)

POSITION MEAN (n) AGE (years) BODY MASS (kg) HEIGHT (cm)
LEFT WINGS (LW) 3 23.0+0.0 78.5+3.5 176.0+0.0
RIGHT WINGS (RW) 2 23.5+0.7 73.0+2.8 179.0£1.4
CENTRE BACKS (CB) 3 24.0£1.0 90.3+9.3 190.3+7.5
LEFT BACK (LB) 3 23.7+0.6 93.0+6.6 192.3+3.5
RIGHT BACK (RB) 2 23.0+0.0 89.5+16.3 194.5+9.2
PIVOT (PIV) 2 29.5+4.9 100.5+7.8 192.5+3.5

Sessions and games monitoring

The study was carried out using the WIMU PRO system (RealTrack Systems SL,
Almeria, Spain). Each device, whose dimensions were 81x45x16 mm
(height/width/depth) and which weighed 70 g, was fitted to the back of each player with
an adjustable vest (Rasan® Valencia, Spain). In training, the recording was
uninterrupted. During games, playing time was only recorded when the players were on
the court. The time spent between player rotation, team time outs (TTO) (a maximum of
three per team), periods when the game was interrupted, and the disciplinary sanctions
typical of handball, where players must leave the court for two minutes, were omitted.
Table 11 describes the main characteristics (objectives, volume, duration, intensity, static

or dynamic training) of the different training days.
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Table 11. Aims, contents and orientation of volume and intensity related to training.

o SN ooy hameiony Volume iy TG or
MD -5 Individual development Structural 80 20 Fkx el 87.9+8.2
MD -4 Individual development Structural 60 40 folaleal ** 97.5+15.7
MD -3 Tactical session Structural 60 40 Fokokk Fkk 95.0+11.4
MD -2 Match preparation Optimising 50 50 faleied Fkx 90.1+11.5
MD -1 Match preparation Optimising 70 30 faled faleiaaia 86.4+8.5

Data processing

The positioning data record was monitored in real-time and subsequently analysed using
the SPRO™ software version 946-949 (SPRO™, RealTrack Systems, 2018). The system
operates using triangulations between four antennas with patented ultra-wideband
technology (18 Hz sampling frequency) placed 5 m away from each one of the corners of
the court and at a height of 6 metres. These units include several sensors that record at
different sampling frequencies. The sampling frequency used for 3-axis, accelerometer,
gyroscope, and magnetometer was 100 Hz and 120 kPa for the barometer (Bastida-
Castillo et al., 2018; Bastida-Castillo et al., 2019).

Total distance (TD, in metres) and in high-speed running (HSR, distance covered
in metres above 18.1 kph) (Ortega-Becerra et al., 2020; Font et al., 2021) were extracted
from the root data reported by the system using SPRO™ software. The player load (PL;
arbitrary units, au) was calculated as the square root of the sum of the squared
instantaneous rates of change in acceleration in each one of the three planes divided by
100 in absolute (Vazquez-Guerrero et al., 2019).

Internal load (IL) data were obtained through the RPE-based method (arbitrary units, au)
(Foster et al., 2021) at 10-30 minutes following every handball training session and game.
The recording of all training sessions and games resulted in 1033 individual records for

the external load and 1008 files for the internal load.
Statistical analysis

Data in the text and figures are presented as means with standard deviation (SD). All data
were first log-transformed to avoid bias arising from non-uniformity error. To compare
external and internal load between and within the different playing positions during
games and training sessions, standardized differences in the mean (Cohen’s effect size)
were calculated. Effect size comparisons were rated using the Hopkins scale: 0.2 (Small),
0.6 (Moderate), 1.2 (Large), 2.0 (Very Large) (Hopkins et al., 2009). The 90% confidence
interval were also calculated for each effect size. Considering the high number of
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comparisons, the results were not analysed when the lower limit of the effect size was
below 0.6. Percentages of game demands for each variable were also calculated following
this formula: [(session demand — mean playing position game demand) / mean playing
position game demand] x 100. Statistical analyses were performed using R Studio (v1.3)

and the Esvis package (v0.3.1).
Results

Table 12 summarizes each variable's mean value and standard deviation for playing
positions and game day. Figure 16 shows total distance (TD), high-speed running distance
(HSR), player load (PL), and rating of perceived exertion for each day of training, for

each playing position, and for each player.

Table 12. Comparison of mean value of each indicator related to training day and games.

cB LB Lw PV RB RW
Game 4562.7+928.4 4699.5¢974.2 4946.1+1051.0 4084.8+1263.83 3872.0£623.3 5306.6+1422.2
MD -1 3861.94627.6 4347.5+623.6 ! 3826.04654.7 3526.4:623.9 3888.24663.9 ! 3882.3£628.3
Total MD -2 4457 0+1008.2 4731.61871.8 4236.94747.2 3665.6£597.7 4136.14881.8 4394.7+897.5
distance (m) | mp -3 4650.1+1012.7 4744.14730.9 4593.24928.4 3913.34969.7 4413.1:947.4 4828.7+1182.9
MD -4 5025.3+1197.2 5154.4:1184.4 4998.9+1212.8 4145.6:819.5 4712.9¢1167.6 5060.4+1286.4
MD -5 4344.54656.2 4476.64684.2 4349.94870.2 3678.3£884.7 4187.64729.1 4492 8+675.9
Game 208.9+90.54 267.2+119.0 549.7+186.2 228.9+139.9 179.9+79.2 668.4+307.5
MD -1 111.9+84.8 138.8182.6 15171918 . 84.2169.1 126.5+84.9 212.8+129.1
High speed | MD -2 107.980.7 ; 130.6+106.2 i 236.4:134.8 107.5¢71.3 107.9+118.8 i 273.1:161.2
(m) MD -3 146.74127.2 142.8+105.1 293.2:193.1 106.9+85.6 145.8+141.0 338.84219.8
MD -4 166.9+113.6 14231949 298.9+171.2 121.9492.2 146.2:100.1 313.4+192.0
mp 5| B27:93.0 § 611826 N 167.542186 50.1163.5 74.2:89.0 §  181.2:2324
Game 6.7:£1.73 6.6£1.9 7.0£1.5 57123 6.1x1.3 7.4:1.3
MD -1 5.3t0.8 56109 5.810.7 5.610.9 6£1.0 § 5509
MD -2 6.4+1.1 6.9+1.1 6.2+14 6.60.8 6.6¢0.9 6.641.1
RPE (AU) MD -3 6.6+1.3 7.3:0.8 6.9+1.3 7.0£0.9 6.9:0.8 7.0£1.1
MD -4 6.8+1.1 7.2£1.0 6.8+1.4 6.810.9 6.8+1.2 7.1£14
MD -5 6.5t1.4 7.1:11 7.311.2 6.7:t1.0 7.0:0.8 6.9t1.4
Game 60.7+15.9 74.1417.6 82.5421.9 56.3418.9 60.1+10.1 89.9+30.2
MD -1 54.849.1 611493 ! 54.68.8 44.449.2 53.849.7 ! 58.6+11.1
PlayerLoad MD -2 63.6£12.7 65.9110.6 62.2£11.7 49.419.8 58.1111.8 66.2:13.7
(AU) MD -3 67.7+13.2 68.549,1 69.9+14.3 54.1+135 63.8+13.3 75.7+15.9
MD -4 70.5+14.7 73.116.4 78.922.3 55.5:13.1 67.5:16.5 80.4+20.1
MD -5 63.2¢483 64.849.7 71.4414.4 50.2+13.9 61.0+10.9 72.9+11.4

NOTE: Direction of the arrow describe the magnitude of the standardized difference, horizontal arrow
stand for an effect size between 0.6 and -0.6, down arrow for an effect size above 1.2, diagonal down
arrow for an effect size between -0.6 and -1.2 and diagonal up for an effect size between 0.6 and 1.2

Game demands

During games, RB travelled (4187.6+£729.1 m) less TD with an effect largely to very
largely (ES range from 1.8 to 2) than the other playing positions (left backs (LB):
4476.6+684.2 m, CB: 4344.4+656.1 m, LW: 4349.8+870.2 m, RW: 4492.8+675.8 m)
except when they were compared to PIV (PI1V: 3678.2+884.6 m).

115



4. Estudios de investigacién originales

PlayerLoad Posion

C - - = - - - o D "
4 5 " . < % ww - ] A ¥
. . . N e R R S B R e O
~.l ' 4 . v, . e & Mgy d Pu (B ]
i R IO 2 [ T ¥ « ¢ S 2
i { . X
1 Ll ~ L4
1} 4
5 i
\/ 4
. 3 ‘

Figure 16. Comparison between playing position related to game day in total distance
(A), high-speed running distance (B), player load (C) and rate of perceived exertion (D).

NOTE: Bar graphs represent mean and standard deviation for each playing position related to game day.
Colored dots stand for individual value within the playing position and game day. The thickness of the lines
represents the magnitude of the difference (effect size): mmm very large difference; = large difference;
—— moderate difference. The magnitude of the difference of the within playing position are represented
by o when they are large very large, * when they are large and # when they are moderate. Only effect sizes
with a lower limit above 0.6 are shown.

Wing players (RW: 668.4 + 307.5 m, LW: 549.6 + 186.2 m) cover very largely more HSR
distance (ES range from 2.3 to 3.3) during games when compared to the other playing
positions (LB: 267.2 + 119.0 m, PIV: 228.9 + 139.9 m, CB: 208.92 + 90.5 m, RB: 179.9
+79.2 m). During games, RB (60.1 £ 1 au) and PIV 56.3 + 2 au) reported a lower PL (for
RB, ESvs. LW =23, vs. RW =2.1, vs. LB and for RB vs. LW ES= 2.3, vs. RW = 2.03)
than the other playing positions (range from 69.7+15 au for CB to 90.0+£30.2 au for RW).

Training sessions

Total distance

PIV travelled moderately to largely less distance (ES range from 1.2 to 1.6) in MD-5,
MD-2, MD-1 (3678.3+884.7 m, 3665.5+597.6 m, 3526.4+624.0 m) when compared to
LB (4476.6£684.2 m, 4731.6+£871.7 m, 4347.5£623.6 m, respectively).
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High-speed running

In MD-4, MD-3, and MD-2, the HSR distance travelled by PIV (MD-4: 392.8+128.9 m,
MD-3: 106.9£85.6 m, MD-2: 107.5£71.2 m) was largely to very largely lower (ES ranged
from 1.3 to 2) than by wing players (MD-4, LW: 298.9+171.2 m, RW: 313.4+192 m,
MD-3: LW: 293.2+193.1 m, RW: 338.79+219.8 m, MD-2: 236.4+134.8 m, RW:
273.1£161.2 m).

Player load
PIV showed the lowest PL value, up to largely less (ES ranged from 1.2 to 2.07) in all the

training sessions and games (in MD-5: 50.2+13.9 au, in MD-4: 55.5+13.2 au, in MD-3:
54+13.5 au, in MD-2: 49.449.8 au, in MD-1: 44.4+9.2 au). Wing players produced up to
very largely higher PL (ES ranging from 1.5 to 1.8) demands in MD-5 (RW: 72.9+11.4
au, LW: 71.4+14.3 au), MD-4 (RW: 80.4+20.1 au, LW: 78.8+22.3 au), MD-3 (RW:
75.7£15.9 au, LW: 69.9+14.3 au). LB showed the highest PL value in MD-1 (61.1+9.3
au vs. 44.4+9.1 au for PIV, LB vs. PIV, ES=2.03).

Rating of perceived exertion:

Like in matches, there were no substantial differences in the RPE, with values ranging
from 5.72+2.32 au for PIV to 7.43£1.34 au for RW.

Games vs. training

Within playing position differences

PIV showed moderate to large within-playing-position differences during games in TD
(4951.1+1047.6 m vs. 3218.4+779.7 m, ES=1.97), HSR (343.6+84.2 m and
114.2470.3m, ES=1.91), PL (68.7+15.5 au vs. 44 + 13.2 au, ES=1.77). There were
moderate to very large differences (ES 1.44 to 2.06) for LB during games in TD (4161 +
657.5 m vs. 5400.3+980.5 m), in PL (87.2+15.8 au vs. 75.3£10.9 au) and RPE (7.7+1 au
vs. 5.6x1.1 au). There were large to very large within-playing-position differences in HSR
distance travelled by LB (306.2+355.1 m vs. 83.1+162.3 m).
PIV also showed some individual differences (ES=1.84) in the PL in MD-5 (62.8+13.8
au vs. 43.849.2 au), MD-4 (63.0+10.2 au vs. 51+13 au), MD-3 (62.6+10.9 vs. 44.2+8.4
au), MD-2 (55.9+9 au vs. 43.5£6 au).

Figure 17 shows the coefficient of variation for all the metrics in each playing
position for the different training days. HSR distance showed a higher variation (77.3%

to 87.9%). When considering playing position and training days, HSR distance in MD-5
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had the highest percentage of variation (107% for PIV to 135% for LB, 123.5+9.8%).
Games were the sessions with lower CV (33.9% for LW to 61.1%, 45.5+8.8%) for HSR.
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Figure 17. Coefficient of variation for all the metrics in each playing position in different
training days.
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Figure 18. Comparison of mean percentage of game demands between playing position
related to game day in total distance (A), high-speed running distance (B), player load
(C) and rate of perceived exertion (D).

NOTE: Bar graphs represent mean and standard deviation percentage of mean game demands for each
playing position related to game day. Colored dots stand for individual value within the playing position
and game day. The thickness of the lines represents the magnitude of the difference (effect size): = very
large difference; === large difference; —— moderate difference.
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Figure 18 illustrates the difference between playing positions expressed in the
percentage of variation related to the mean game demands in the different variables. LB
and RB showed a moderately to largely higher percentage of mean game demands in MD-
1 when compared to wing players in TD (LB: -7.5 + 13.3%, RB: 0.41 + 17.15%, LW: -
22.6 £ 13.2%, RW: -26.8 + 11.8%; ES from 1.14 to 1.81), in PL (LB: -17.4 £ 12.5%, RB:
-10.5 £ 16%, LW: -33.8 £ 10.6%, RW: -34.9 + 12.3% and ES from 1.38 to 1.71)

PIV showed up to largely higher percentage of mean game demands in RPE value in all
training sessions (MD-5: 17.3+17.6%, MD-4: 19.4+16.1%, MD-3: 22.9£16.8%, MD-2:
15.3£14.2%, MD-1: -3£15.5%, ES from 1.26 to 1.83) when compared to the other players
(MD-1: from -15.6+13.8% to -26.2+12.5%, MD-2: range -11+14% to 8.19+13.9%, MD-
3: 15+13.3%, MD-4: -4.6+18.5 to 11.4+19.9%, MD-5: -3.3+20% to 15.5+12.6%).

RB followed the same pattern in MD-5, MD-3, MD-2, and MD-1 (ES from 1.14 to 1.68).
RB (29.7£47.17%) reached a moderately to large higher percentage of mean game
demands in high-speed running compared to wing players (LW: -72.4+16.7%, ES=1.21,
RW: -68.1+19.3%, ES=1.03) in MD-1.

There were large differences in the percentage of mean game demands between PIV in
MD-2, MD-3, and MD-4 (respectively, -22.8£10.7% vs. -0.8+16.1%, ES=1.6, -
21.5+£14.9% vs. 11.1+19.5%, ES=1.85, -24.5+5.3% vs 5.4+23.5%, ES=1.51).

Discussion

To our knowledge, this is the first time a handball team has been monitored longitudinally
during a season in practices and games with a combination of IMUs and RPE. The most
significant differences between playing positions were noted on match days, showing that
training does not replicate game demands. PL and HSR were the metrics with the most
important differences. When the difference between playing positions was expressed as
the percentage of variation related to the mean game demands, the most important
differences were found in MD-1 and the RPE.

Match days

Regarding the external load in games, our results on match days are in line with previous
studies. The wings (left (LW) and right (RW)) are, by far, the players who cover the most
metres in HSR, both in training and in games. These results match those observed in
earlier studies (Michalsik et al., 2015; Cardinale et al., 2017; Font et al., 2021). RW and
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LW were the players who covered the highest distance and RB the lowest. A similar effect
has been found in previous studies (Cardinale et al., 2017). Wings were also the players
with the highest PL values compared to the other positions. These results differed from
previous studies finding that CBs were the players with the highest PL value. Player
rotation and team tactics could explain some of these differences because the nature of

this playing time affects PL (Vazquez-Guerrero et al., 2020) substantially.

In team handball, player rotations are unlimited and very easy to implement. As a result,
many factors could explain this variation, such as players’ performance level (the better
they are, the longer they tend to play), the tactical choice of the coach, or game model
requirements. PL has been developed as a measure of physical performance based on
changes in acceleration to capture non-running-based work (e.g., jumping, changes of
direction, acceleration, contact) (Font et al., 2021). PIV and RB had the lowest IL
concerning the other positions. This result could be related to different players' rotation
strategies. In many teams, RB are the players involved in the offensive/defensive
systematic rotations for various reasons, such as a lack of defensive ability or fatigue
management (RB need to be tall and left-handed and are essential for most teams). PIVs’
performances are paramount for many teams, and the physical demands they must cope
with are high (Karcher & Buchheit, 2014). As a result, many coaches tend to establish

more rotations for the PIVs.
Training session
Total distance

PIV covered less distance than the other players during all training sessions (up to
moderate to largely less than LB). The tactical and technical demands of the playing
position likely play an important role. PIV players were a fixing point in the opponents'
defence when backs played more around the defensive system. A vital part of handball
training is devoted to the stabilized phase (Table 11), accounting for most ball possession
in matches (Rogulj et al., 2011). This result should be related to the main objective, the
relative part of the session’s static/full court phases, and the volume/intensity choice. It is
expected that when training sessions are focused on static phases, PIVs do not accumulate
many metres due to their defensive fixation function, performing more isometric or
dynamic muscular actions. In turn, even if the training session is more dynamic (full-

court situations), they tend to carry out the same function. Thus, they cover less distance
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and perform fewer running actions. These results are in line with those obtained in other
studies where the PIV were the players who covered the lowest distance in official
matches (Font et al., 2021). When expressed as a percentage of mean game demands, we
can see that RB achieve a higher value than the other positions in many parts of training

sessions.

It is very likely that when there is a less stabilized phase in training (when coaches want
their players to run more), the RB achieve a higher percentage as they run less than the
other players in games. In training, all players tend to train simultaneously and perform
the same tasks. These differences in RB (and to a lesser extent for LB) could be attributed
to a higher rotation in playing time due to the demands on these positions according to

the team's playing model (Font et al., 2021).

High-speed running distance

Wings covered higher HSR distance in all training sessions than the other playing
positions. These results confirm that training requirements are not always in line with
game demands (Michalsik et al., 2015; Cardinale et al., 2017; Font et al., 2021;). HSR
distance is an essential metric for performance (Martin-Garcia et al., 2018) and injury
prevention (Whiteley et al., 2021). Our findings support the idea of Karcher & Buchheit
(2014) that there is a need for specific sprint training and hamstring prevention work for
wings. The HSR percentage of mean game demands suggests that training sessions do
not replicate the competition load as the HSR distance is lower than the match demands
in all training sessions for all players (Figure 18). This lack of specificity can lead to some
issues in some players, especially wings (who cover the highest HSR distance, such as
decreasing their performance (Cardinale et al., 2017; Font et al., 2021) and increasing
their risk of injury (Karcher & Buchheit, 2014). HSR distances should be close to or above
those required by the competition to allow players to cope with these demands (Tarragd
et al., 2019). Moreover, the coefficient of variation of HSR showed that this variable
fluctuated a lot. Large differences were found in all playing positions depending on MD.
This variation suggests that the technical and tactical objectives of the training largely
influence the HSR content and that this variable is not always adequately managed
(Karcher & Buchheit, 2014). Our results indicate that HSR distance is mainly subjected
to tactical choices.
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Player Load

Our results showed a large variation in PL when comparing the different playing
positions. This fact confirms that each player needs a training load as individualized as
possible; the external load demands differ for each playing position (Kniubaite et al.,
2019; Gonzalez-Haro et al., 2020; Font et al., 2021). At the same time, it was observed
that MD-4 was the day that was closest in terms of PL to the competitive needs. As seen
in Figure 17, MD-4 was the day when the greatest volume of work was carried out both
in terms of time and full court work and when the highest PL values could be
accumulated. PL is one of the most used variables to control the external load in training
and competition in handball (Kniubaite et al., 2019; Gonzélez-Haro et al., 2020; Font et
al., 2021). PIV were the players with the lower PL values in competition and the different
training sessions. The specific demands of the position at a physical, technical, and
tactical level may explain this result (Font et al., 2021). Most of the needs of these players
are based on isometric strength work, as they were the players who were the most
involved in contact actions and with few accelerations and lower high-velocity
displacement (Karcher & Buchheit, 2014; Martinez-Rodriguez et al., 2020). Wings
showed the highest PL value in any training session, following the other external load
variables (total distance and HSR). These differences between positions could be
explained by the tactical demands of each position, their needs, and the game model used
by the team (Font et al., 2021).

Rate of perceived exertion

Our results suggest that players rated the session with similar intensities despite many
differences in the external load (e.g., HSR distance). Surprisingly, the internal load did
not reproduce the same pattern as the external loading. We could suggest two
explanations for this offset. Firstly, the extensive experience of the players in handball
and years working with the same methodologies in the same club (3.3+£2.2 years in the
club) may have caused a specific adaptation (Tarragd et al., 2019). Secondly, many
players' characteristics influence internal load values, such as muscle mass, substrate
concentrations (Borg, 1982), body size (Martinez-Rodriguez et al., 2020), or fitness level
(Novack et al., 2018). As a result, two players receive equivalent external loads, but the
internal load could differ depending on individual characteristics. The player's physical
characteristics and body dimensions are position-dependent (Karcher et al., 2014; Krlger

etal., 2014; Gonzalez-Haro et al., 2020). Overall, these factors mainly explain the results.
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Comparing the values obtained during training sessions and games, we see that the results
are often higher after training. These differences indicate that training and rest time
density is much higher during the week than on MD. There are likely more in-game
breaks due to the refereeing, the opponent's game pace, and the player's rotation strategies.
The differences in the percentage of variation considering the mean game demands are
probably caused by the discrepancies between training and game values. Game demands

fluctuate greatly when compared to the training context.

Coefficient of variation

The coefficient of variation is related to periodization, as variations in training load are a
key and widely studied factor in performance (Buchheit et al., 2021). Many studies
suggest that poor training-load management and flawed prescription constitute significant
risk factors for injury (Gabbett, 2016). Our results show that games are the moment with
the highest fluctuations in most of the variables. This is logical, considering that teams
do not have control over the opponent’s executions. Most CVs are low and show a small
magnitude (18 to 29%) except for HSR. HSR’s CV showed values ranging from 57 to
135%. Large differences were found in all playing positions depending on MD. This
variation suggests that the technical and tactical objectives of training largely influence
HSR content and that this variable is not managed (Karcher & Buchheit, 2014). These

results indicate that HSR distance is a by-product of tactical choices.

Too much variation in the same training days illustrates, from our point of view, that
coaches do not control this variable. It is also worth noting that HSR distance was much
higher during games than during training sessions, as training content does not replicate

HSR game demands.
Limitations

We could only study one professional team with a particular match and training model.
The team's profile (only one match per week) also allowed us to have stable microcycles
that may not be generalizable to other contexts (teams playing more than one match per
week, national teams). Another limitation is that the analysis of defensive specialists was
not considered. Some players have a particular role, playing only during the defensive
phase, and are not included in the attack. The type of training provided by the coaching
staff, and its intensity, also influence the training demands to a large extent and can be a

limitation. Other parameters, such as different playing strategies (Diana et al., 2017), the
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opponent's level (Gomez Carmona et al., 2019) and the use of a defensive specialist, may

have revealed different results than ours.
Practical applications

Coaches must consider variables such as positional demands or the team's playing style
to tailor training demands. Our results show that coaches should carefully evaluate several
indicators to design the optimal training content. In our data, some values in the training
sessions were above the game demands (total distance, RPE) and others under (HSR, PL).
This scenario can be suboptimal to prepare players for the “worst case scenario” in
competition. It is worth noting that training demands differ largely between positions
(wings and PIV vs. RB). Handball staff should use this information before designing

microcycles to adjust training loads more precisely.
Conclusions

We observed that internal load does not show the same pattern even if there are substantial
differences in external load variables between playing positions. Our results confirm the
need to control the load and the complementarity of the two types of load variables. One
of the most relevant findings was the substantial variation in HSR between positions,
games, and training sessions. Coaches must give special attention to HSR because it is an
essential variable for injury prevention (Karcher & Buchheit, 2014) and performance
(Cardinale et al., 2017). Further research is needed in handball to study the parameters
that influences the behaviour of internal and external loading variables to optimize

training.
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El deportista se conforma por diferentes estructuras que configuran un sistema altamente
complejo. El proceso de entrenamiento debe estimular la generacion de nuevas relaciones
entre dichas estructuras, con el objeto de optimizar todo el sistema de manera integral y
conseguir una mejor adaptacién y evolucién del HD para la préactica deportiva (Seirul-lo
etal., 2017; Tarrago et al., 2019).

Todas estas estructuras las tendriamos que valorar de una forma lo més ecolégica
posible, para no interferir en la valoracion del rendimiento de los jugadores y ver cémo
estos se relacionan con su medio habitual que deberiamos reproducir en los
entrenamientos. A su vez, deberian valorarse todas las estructuras, des de esta perspectiva
global que se defiende con esta filosofia del EE. Como hemos ido describiendo en las
diferentes referencias encontradas y puntos a lo largo de esta tesis, la mayoria de las
estructuras han sido evaluadas de forma individual y s6lo hemos encontrado algunas
investigaciones que han relacionado a dos estructuras de forma complementaria en

diferentes deportes (Seirul-lo et al., 2017; Tarragd et al., 2019).

Partiendo de esta metodologia de trabajo del EE y de las diferentes estructuras que
forman el HD (Seirul-lo, 1986; Seirul-lo et al., 2017; Gomez et al., 2019; Tarragé et al.,
2019; Pons et al., 2020), hemos encontrado los mismos déficits en las investigaciones en

balonmano a la hora de relacionar diferentes estructuras de forma ecoldgica.

La Estructura Condicional del jugador es la que valora la parte fisica del HD. Esta
valoracion se realiza de una forma maés préactica, a través de pruebas analiticas donde
medimos, por ejemplo, la fuerza de salto, la potencia de lanzamiento, la intensidad de los
metros recorridos, etc. Pero en los ultimos afios, dentro de esta vision mas ecoldgica, se
ha empezado a valorar con tecnologia de ultima generacion (IMUs), que sucede a nivel
de carga externa en los partidos disputados y que carga externa deben soportar los
jugadores (Luteberget & Spencer, 2017; Manchado et al., 2020). Aunque con esta
tecnologia no se puede valorar, hoy en dia, ciertas manifestaciones como la fuerza
isométrica de ciertas acciones de juego en el balonmano (acciones en la posicion del
pivote, sobre todo), la informacién que nos aporta es mucho mas inmediata, real y
ecoldgica que todas las pruebas que se puedan realizar en el laboratorio. Con ella
obtenemos la informacidon de las necesidades reales de los jugadores, tanto en funcion de
su posicion de juego como a nivel individual. Un déficit que hemos observado en el

analisis de esta estructura es que no hemos encontrado ninguna investigacion que exponga

126



5. Discusion

qgue nivel de carga condicional soportan los jugadores de balonmano durante los
entrenamientos para valorar si el trabajo que les planteamos es 6ptimo para soportar la
carga externa que van a tener que soportar en la competicion como si que pasa en otros
deportes como el futbol (Martin-Garcia et al., 2018) o el baloncesto (Vazquez-Guerrero
et al., 2020). Conocer la carga de competicion y si la preparacion que realizamos dentro
del microciclo es la correcta, es clave, bajo nuestro punto de vista, para mejorar el
rendimiento de los jugadores (Manzi et al., 2010) a la vez que prevenir posibles futuras

lesiones (Caparros et al., 2018).

A nivel de relaciones de diferentes estructuras del HD, existen diferentes
investigaciones que nos aportan datos de que sucede nivel de carga interna con esta carga
externa que tienen que soportar los jugadores (Michalsik, 2011; Povoas et al., 2014;
Gupta & Goswami, 2017). Bajo nuestro punto de vista, es mas importante analizar que
sucede en la relacion entre la Estructura Condicional y la Estructura Bioenergética, por
ejemplo, que valorar el rendimiento de forma aislada con una sola Estructura al entender
al HD como un ser multi-estructural. Muchas veces planteamos diferentes entrenamientos
0 nos podemos encontrar con partidos que la carga externa y la carga interna no vayan en
la misma direccion a nivel individual de cada jugador debido a su experiencia en el
balonmano, su conocimiento del modelo de juego, el nivel del rival o su condicion fisica,
por ejemplo, dando valor a la individualizacion del trabajo para cada jugador (Impellizzeri
etal., 2019).

Si analizamos lo que le sucede al HD a nivel de carga interna, se puede describir
la Estructura Bioenergética. Esta estructura se puede analizar de una forma absolutamente
aislada del deporte en un laboratorio como se ha realizado en muchas investigaciones des
de hace muchas décadas (Chelly et al., 2011; Wagner et al., 2019), o se puede hacer de
una forma maés especifica integrada dentro de la Estructura Condicional. Podemos
encontrar diferentes investigaciones donde buscan la relacion existente entre estas dos
estructuras (Kniubaite et al., 2019). El control de esta carga externa e interna es muy
importante para ver como se adapta el jugador a la competicion o a los entrenamientos e
intentar controlar la carga total para disminuir, por ejemplo, el riesgo lesivo o valorar
como se recuperan de los esfuerzos de los entrenamientos o los partidos (Impellizzeri et
al., 2019).
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También encontramos investigaciones dénde lo que se ha buscado analizar es la
Estructura Cognitiva. En estas investigaciones se han analizado que variables del juego
tactico son determinantes para conseguir el éxito (Daza et al., 2017) o la influencia en la
toma de decisiones de los jugadores. El estudio de estas variables son claves para el éxito
deportivo (Johnson & Raab, 2003; Raab & Johnson, 2007; Raab & Laborde, 2011). A su
vez, se han analizado los comportamientos de los equipos delante de los diferentes
modelos de juego a los que se enfrentan, tanto en las fases ofensivas y como defensivas
del partido (Prudente et al., 2010; Lozano & Camerino, 2012; Fasold & Redlich, 2018;
Jiménez-Salas et al., 2020a, 2020b). Los diferentes cuerpos técnicos tanto de élite como
sub-élite, destinan muchas horas a analizar los rivales y su forma de jugar para ver como
tienen que adaptar su propio modelo juego tanto ofensivo como defensivo para conseguir

el éxito en las diferentes fases del juego y poder ganar el partido.

Hay otras investigaciones que han analizado la Estructura Coordinativa. Estas
investigaciones han buscado analizar a los jugadores de balonmano des de una
perspectiva mas analitica y sin interrelacionarla con otras estructuras. Existe un gran
volumen de investigaciones que han buscado analizar elementos técnicos del juego como
puede ser el lanzamiento (Van Den Tillaar & Ettema, 2003; Van Den Tillaar & Ettema,
2006, 2007; Wagner et al., 2010a, 2010b, 2012) o elementos mas especificos y
determinante en el deporte como es el cambio de direccion (Wagner et al., 2016, 2019).
Pero a su vez también existen otras investigaciones que han buscado comparar que sucede
en esta Estructura y su relacion con la Estructura Condicional midiendo, por ejemplo, la
precision del lanzamiento y la fuerza que puede desarrollar el jugador (Ortega-Becerra et
al., 2019). Esta relacion de estas dos estructuras deberia verse reflejada en la modificacion
de los entrenamientos condicionales de fuerza y de prevencién para mejorar el
rendimiento en este gesto técnico a su vez que reducir la incidencia lesiva en este

mecanismo y accién tan habitual en el balonmano (Mdnaco et al., 2019).

Al ser el balonmano un deporte de equipo, creemos que es muy importante para
conseguir los objetivos del equipo que el ambiente de entrenamiento y las relaciones entre
los jugadores sean lo mejor posible a su vez que con el cuerpo técnico ya que el objetivo,
sea cual sea este, es comun para todos. La Estructura Socio-afectiva es la que se encarga
de valorar las relaciones interpersonales entre todos los componentes del equipo. Una
buena relacion nos ayudaria a mejorar el rendimiento deportivo como se ha demostrado

en jugadores y jugadoras en edades de formacién (Gonzales & Coronado, 2011b, 2011a).
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Pero para que un jugador tenga una buena relacién con el grupo, es importante que él se
encuentre bien y en un buen estado de 4nimo personal para sumar en positivo dentro del
colectivo. En balonmano se ha analizado el estado de animo de los jugadores a nivel de
motivacion (Gomez-Ldpez et al., 2014) o sus niveles de ansiedad (Kristjansdottir et al.,
2018), claves para valorar como se encuentran los jugadores y su dominio y control de
las diferentes situaciones de estrés que deben soportar a lo largo de la temporada. Si
observamos un equipo de élite, los resultados, la clasificacion, los minutos de juego, las
situaciones contractuales, las lesiones, ...pueden generar que el jugador no esté en su

mejor situacion animica para rendir al maximo nivel necesario.

Relacionada con esta Ultima estructura, tendriamos la Estructura Mental, donde el
jugador se autoorganiza en funcion de las demas estructuras y de sus experiencias y
conocimientos. Podriamos decir que es una estructura que da conciencia al jugador de lo
que hace y para que lo hace. Esta ultima estructura muchas veces es la que hace que un
jugador pueda llegar a un nivel mas alto de rendimiento o no, teniendo una relacion
directa con todas las estructuras que conforman al HD impulsandolo a mejorar sus
relaciones entre todas las estructuras y evolucionar su versién actual creando estructuras

y relaciones nuevas.

Como podemos observar a lo largo de esta tesis doctoral, no hemos encontrado
ninguna publicacion o linea de investigacion donde correlacionen todas las estructuras
que forman al HD, seguramente debido a su alto nivel de complejidad y a la dificultad de
encontrar una herramienta para valorarlas todas las estructuras juntas o a las méaximas
posibles a la vez. Debido a esta inquietud, este doctorado ha buscado empezar una linea
de investigacién donde se busque valorar el rendimiento deportivo de los jugadores de
balonmano de una forma mas amplia teniendo en cuenta a las diferentes estructuras que
lo conforman a través de diferentes investigaciones y de la forma méas ecolégica posible

teniendo claro que los vértices donde debe girar el trabajo son el HD y el balonmano.

En el primer estudio, hemos intentado describir que necesidades tienen los
jugadores de balonmano de elite en competicion, para tener un punto de partida sabiendo
que valores condicionales de carga externa tienen que soportar los jugadores y como los

deberiamos preparar en los entrenamientos de la mejor forma optima posible.

Somos conscientes que solamente hemos analizado la Estructura Condicional y

Bioenergética como otras investigaciones, pero creiamos interesante tener un punto de
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partido ya que, hasta la redaccion de este estudio, no existia ninguna investigacion
realizada con tecnologia IMUs que definiera estas variables en un equipo masculino de
élite en competicién oficial en una temporada regular. Sin saber que valores de carga
externa tienen que soportar los diferentes jugadores, no podemos realizar entrenamientos
lo mas individualizados posibles adaptados a cada jugador, tanto a nivel de carga externa,

de prevencion de lesiones y de mejora del rendimiento.

En el estudio 2, debido a la situacion de confinamiento vivido por la COVID-19,
analizamos las mismas estructuras del estudio 1, pero des de una perspectiva analitica
debido a la situacion vivida a nivel global. VValoramos la eficiencia del trabajo que
hicieron los jugadores en sus casas para mantener los niveles de fuerza de la extremidad
inferior y de su capacidad aerobica. Si que es verdad que valoramos este trabajo y lo
controlamos dia a dia a través de la Estructura Emotivo-volitiva preguntando a los
jugadores como se encontraban, pero estos datos no fueron analizados estadisticamente
dentro de la investigacion. Esta investigacion nos aporté mucha informacién practica para
saber el estado de los jugadores del equipo. Nos encontramos delante de una situacion
absolutamente nueva en el mundo del deporte donde los equipos de balonmano dejaron
de entrenar y los jugadores no recibieron ningun estimulo especifico de entrenamiento en
pista durante muchos meses. Los resultados obtenidos nos permitieron observar los
valores condicionales de los jugadores después de realizar un trabajo absolutamente
general en sus casas Yy ver si este habia sido efectivo 0 no. A parte, gracias a este analisis,
pudimos programar un trabajo individualizado para cada jugador durante la post-season
para llegar en las mejores condiciones al inicio de la siguiente pretemporada. El gran
miedo del cuerpo técnico era que el indice lesivo del equipo aumentara considerablemente

y no se pudieran conseguir los objetivos planteados a nivel competitivo.

En el tercer estudio que conforma esta tesis doctoral, analizamos la Estructura
Creativa, observando el comportamiento tactico de un equipo de elite masculino durante
los partidos disputados durante una temporada. A partir de este estudio, pudimos analizar
en que fases del juego se conseguia méas éxito y con que medios tacticos colectivos. A su
vez observamos que acciones tacticas y que indicadores estaban més cerca del fracaso.
Estos resultados deberian ayudar a los cuerpos técnicos a modular el tiempo de trabajo en
las diferentes fases del juego de un partido reforzando aquellas situaciones dénde se
consigue éxito de una forma mas facil, por ejemplo, una mayor intensidad defensiva para

poder pasar a la fase de contraataque, a la vez que incrementar el trabajo en las fases
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donde hay un mayor fracaso como es el repliegue defensivo. Si que encontramos
investigaciones observacionales donde analizaban alguna fase concreta del juego y
buscaban indicadores de éxito, pero en nuestra busqueda, no encontramos ninguna
investigacion que analizara partidos de una temporada regular de un mismo equipo de
élite masculino. Hay que tener en cuenta que una de las limitaciones fue que analizamos
un modelo de juego muy concreto pero los resultados confirmaron el éxito de este modelo
y que la forma de entrenar era la correcta viendo los resultados obtenidos por el equipo a
lo largo de la temporada. Otra limitacion en comparacion con los demas estudios de la
tesis fue la no inmediatez de estos resultados para poder ser aprovechados por el cuerpo

técnico.

Una vez la pandemia nos permitio volver a entrenar y teniamos claro las
necesidades que tenian que soportar los jugadores de elite de balonmano en la
competicién, consideramos clave analizar como distribuiamos las variables de carga
externa analizadas en el estudio 1 mas la percepcion del esfuerzo del jugador (Estructura
Emotivo-Volitiva), durante el microciclo. Hasta la fecha no éramos conscientes de si los
entrenamientos planteados con el equipo eran suficientes para soportar la carga interna 'y
externa que suponia la competicion para cada posicion de juego y para cada jugador de
forma individual. Para ello, en el estudio 4, analizamos esta distribucion con un equipo
filial de élite de balonmano debido a que so6lo disputaba un partido a la semana, teniendo
mas sesiones de entrenamiento y una estructura mas estable del microciclo. Con esta
investigacion pudimos ver si la distribucion y la forma de trabajar las variables preparaba
a los jugadores de la forma Optima para soportar la carga competitiva y que diferencias
debiamos tener en cuenta a nivel de posiciones de juego para realizar tareas lo méas
individualizadas posibles. Dentro del EE, no podemos plantear los mismos estimulos para
todo el mundo por igual. Cada HD es absolutamente un ser especial y necesita un
entrenamiento individualizado y optimo para él y solo para él donde va a depender de
estas diferentes estructuras que lo forman, su posicion de juego, su historial lesivo, sus

preferencias, por ejemplo.

A partir de estas cuatro investigaciones que forman el doctorado, podriamos
obtener una imagen mas global de la valoracién de los jugadores de élite de balonmano,
pero nunca sacando conclusiones de las diferentes investigaciones o analisis de las
estructuras por si solas. Hay que ser consciente de que es necesario tenerlas en cuenta

todas debido a las diferentes estructuras que conforman al HD. En este sentido, sabemos
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que deberiamos plantear una siguiente investigacién mas global con un equipo de sujetos
parecidos a los que hemos analizado, y realizar una futura o futuras investigaciones donde
se analicen diferentes estructuras a la vez. Seria viable unir, por ejemplo, el analisis y
control de la Estructura Condicional, la Estructura Bioenergética, la Estructura Creativa,
la Estructura Emotivo-Volitiva y la Estructura Emocional, en una misma investigacion

para valorar el rendimiento del jugador de balonmano de forma multifactorial.

132



6. Conclusiones

6. Conclusiones

133



6. Conclusiones

A continuacién, se resumen las conclusiones de cada una de las cuatro investigaciones

que conforman esta tesis doctoral.

Conclusiones del estudio 1

1. Diferentes posiciones de juego suponen diferentes cargas de trabajo externas: los
extremos y centrales asumen mayor carga, mientras que los laterales y pivotes,
menor.

2. Diferentes cargas de trabajo externas suponen diferentes estrategias en el disefio de

tareas, debiéndose ajustar segun cada posicion de juego.

Conclusiones del estudio 2

3. Un programa de entrenamiento estructurado, autocontrolado durante el
confinamiento (Covid-19), mantuvo la capacidad de salto, pero no las aptitudes
aerobicas, de un equipo profesional de balonmano.

4. La competicion y el propio proceso de entrenamiento del balonmano masculino de
alto nivel, suponen recorrer grandes distancias a intensidades elevadas. Este hecho
no pudo ser adaptado o compensado entrenando bajo las condiciones de

confinamiento.

Conclusiones del estudio 3

5. No encajar goles y recuperar el baldon en la fase defensiva, y contratacar
inmediatamente a una defensa desestructurada, son determinantes para el éxito o
fracaso competitivo en el balonmano masculino de alto nivel.

6. El alto ritmo de juego impuesto en las competiciones de balonmano de élite debe
corresponder con el disefio de escenarios simulados durante los entrenamientos
que integren a las diferentes fases del juego, especialmente recuperando el baldn
y atacando con el menor tiempo posible ante defensas no consolidadas.

7. Lafase de transicion de la defensa todavia requiere de un mayor analisis por parte
de la literatura, especialmente a la hora de establecer estrategias sobre como

contrarrestar el éxito del contraataque.
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Conclusiones del estudio 4

8. Lacarga interna a la que los jugadores se ven sometidos en el microciclo previo
a la competicion y durante ésta, al contrario de lo que sucede con la carga externa,
no registra diferencias significativas entre las diferentes posiciones de juego.

9. En relacion a la carga externa, la variable HSR (High Speed Running), cuya
modulacion en el balonmano profesional es determinante tanto para la prevencion
de lesiones como para la optimizacion del rendimiento, es la que registra mayores
diferencias entre posiciones de juego, partidos y sesiones de entrenamiento.

10. Atendiendo a los resultados obtenidos sobre la relacién entre carga interna y
externa a lo largo del microciclo previo a la competicion y durante ésta, se constata
la necesidad de monitorizar ambas para asi cruzar sus registros e individualizar la
dosis que cada jugador necesitara asimilar para contribuir al éxito colectivo del

equipo durante el partido.

Finalmente, en base al conjunto de los cuatro estudios precedentes y como reflexion final,
se concluye que, en el balonmano de alto nivel, de la misma manera que en otros deportes
colectivos con elevadas exigencias competitivas, el cuerpo técnico disefia las diferentes
tareas con el objeto de lograr estimulos Optimos y adecuados para las necesidades y
demandas solicitadas segun las diferentes estructuras del humano deportista
(coordinativa, cognitiva, condicional...). Dichos estimulos, durante los entrenamientos,
deben ser logicamente multidimensionales y concordantes con los que los jugadores

asumiran posteriormente durante los partidos de competicién (escenarios simulados de

juego).
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Es necesario seguir implementando nuevas y diversas tecnologias y sistemas de analisis
capaces de abordar el andlisis del rendimiento deportivo del balonmano de alto nivel
desde una perspectiva compleja y multidimensional, que nos reporte un tipo de

informacion valida, veraz, efectiva y eficiente.

A continuacion, se listan seis lineas de investigacion que actualmente estan
desarrollandose y que aseguran la continuidad de las aportaciones relacionadas con la

tesis doctoral:

- Positional differences in the Most Demanding Scenarios of External Load Variables
in Elite Handball Matches. El objetivo es analizar cuales son las situaciones mas
exigentes para las hay que preparar a los jugadores a nivel de carga externa extraidas

de partidos oficiales y con tecnologia IMUs.

- Validacion del countermovement jump como herramienta para el control de la fatiga
y la recuperacion en jugadores profesionales de balonmano post-partido. En esta
investigacion, analizamos los datos obtenidos en el CMJ a nivel basal, post partido,
+24 y +48 horas a la vez que buscamos correlaciones con la proteina cK y el lactato

para analizar esta recuperacion mecénica y fisioldgica.

- Analisis de la calidad del descanso a traves del suefio en jugadores de élite de
balonmano durante una temporada competitiva. A través de los anillos de control de
la calidad del suefio, registramos como descansaban los jugadores de élite de
balonmano durante 6 meses analizando su calidad ya fuera en sus casas o durante los

viajes con el equipo y sus equipos nacionales.

- Analisis de la fase de repliegue defensivo en competicién de élite de balonmano con
coordenadas polares. Cuando se realizo el estudio 4, observamos que no existe
mucha bibliografia que hable de esta fase del juego, importante para contrarrestar la
fase de mayor facilidad de finalizacion, el contraataque. Deberiamos ampliar el

conocimiento en esta fase.

- Analisis de los movimientos mas habituales que realizan los jugadores de balonmano
a nivel defensivo y su intensidad. En esta investigacion ya publicada, se gener6é un
algoritmo para analizar que movimientos que realizan mas habituales los jugadores
de balonmano en competicion a nivel defensivo y ver de forma automatica su sistema

defensivo.
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Guignard B, Karcher C, Reche X, Font R, Komar J. (2022) Contextualizing physical
data in professional handball: using local positioning systems to automatically define
defensive organizations. Sensors, 22, 5692. https://doi.org/10.3390/5s22155692.

- Monitorizacion de la carga externa en jugadores sub20, sub18, sub16 y sub14 en
competicion durante tres temporadas en funcion de su posicién de juego. Estamos
comparando la carga externa que tienen que soportar los jugadores segun su posicion
de juego en los partidos y ver si es la misma en funcién de la edad en un mismo club

con el mismo modelo de juego.

Con todo, el balonmano de alto nivel debe seguir avanzando hacia la monitorizacién de
variables de carga externa e interna, detectando posibles relaciones entre éstas y el éxito
o fracaso deportivo durante la competicion o entre posibles cuadros potencialmente
lesivos. La figura profesional del educador fisico deportivo, denominada bajo el término
anglosajon “Sport Science”, emerge mas necesaria que nunca: una persona que, mediante
su experticia y conocimiento especifico basado en la evidencia cientifica, aporte
soluciones al staff tecnico que les permita superar los factores que limitan el rendimiento

deportivo y competitivo de sus jugadores.
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ports injuries. The stswument of exdemal laad in tesm sports has been provided with new technologies that
help coaches to individuslize taining and aplimize their team’s playing system. In this sludy we characterized
the physical demands of an elite handball team during an enlire ipodts deason. Movel dats ane repaned fos
each playing position of this highly steenuous hody-contact team sparl. Sidesn world top playen (5 wings,
2 centre backs, & backs, 3 line players) were equipped with & local pesiioning system (WIML PRDY during
fouresn official Spanish first league matches. Playing tme, 1otal distance covesed at different running speeds,
and seeederation varishles were manilcesd. During a handball match, wings oover the greater distance by high-
speed running (= 5.0 ma"): 4103 = 103.2 m, and by sprint (= 6.7 m+'): 080 = 75.4 s Centre backs
perharm the following playing pasition thal wpparts the highest speed inlensities during the matches: high-
spesd running: 2432 = 1302 m; sprint: 620 = 54.2 m. Cenire backs sl register the Largest number ol
hiph-interiily deceleations (n = 142.7 = 50.5] compased b wings (n = 1129 = 56.0), backs [ = 1052 + 49.7)
and line players: 906 = I8.9). This sludy provides hedplul information for prolessional casches and their
technical slaff to oplimize iraining boad and individualize the physical demands of their elite male handball
pleyess depending on each playing position.
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INTRODUCTION
Global positioning systems are widely used in ouldoor 1eam sporls
auch s rughy of faatball [1, 2]. This systen also carsies am eibedied
inertial measurerment unit (IMLUs) (e.0. Bcoskromates, magretomeben)
reconder with & good level of valdity [3), and & wite rangs of metrics
(B, distance and number of sprints), alithaugh GPS cannot be used
indoers (Me GPS signal is blocked). Recently, many companies have
dlevel pped ulbra-wide band systema o enllaet real-time data in indoor
apents [4]. This mew lechrakogy has led 1o a bebier understanding of
the playens resporses tn trsining and compatition. [5, 6_ 71,
Although there are atill limitations that should nat be ouer-
looked [3], technical atall can now sdjust player workloads more

precisely according 1o game demands [8). These sspects are es-
sentisl in handball, sinee playing poaitions Langaly influence game
dernaris [9]. As & reeull, casches can design training contert Bdapt-
ed 1o playing position and playing style, which should lesd 1o better
perfarnanes [5] and lewer injusies [10]

At present, despile grester Becess ta technology, e are stil
few sewentific epntributions related o game demands in handbsall,
Additiorally, most of this meearch has besn conducted with vides
tracking [11, 12] or hand notationsl anaksis [13]. These tachnolo-
giea hve besn shown b be less adapted bo recording explosive
actians typical of handball than IMUs aysterra [8, 141 In tis indoar
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9. Anexos

conlexl, despile the proven socuracy [3] and reliability [15] of IMUs,
more sbudies applied to allicial compelitions in elite male handbsl
players ane resded. Previous studies have provided specific infomna-
ticn, bul only based on game-simulaled silualions in elite wom-
en [5, 16], training sessions in adolescent male players [14], or
during 30 minules ouldoars [B].

The evalution of ihe tolal player |oad (TPL) was also anshysed,
reparting, for the first time ever, the extemal kad indicator Tor each
player in relation to actual playing time, ie., providing information
an the intensily level achieved per unil of Lime. These studies did
ik repon iy inharmatian sboul player diplacement (e diatance
conered 8l different speeda), which & of paramount irdarmation to
coaches [5, 16]. It is warh noting that game dermands are gender-
dependent i elite hardball [17], which makes thess resulls ussless
for male elite players. To our knowledge, the physical demands in
an elite men's handball leam hase never been described during
& sports seasan.

This, the aim of this gudy was to charactenise position-specific
physical demands in elite handball players by messurirg exbemal
laad during & competilive saesen o provide a benchmarn lor coach-
5 and Ihe related Eraining stafl 1o aplimise player preparation.

HATERIALS AND METH O DS ———
Experimental approcch to the problem

W conducted & cross-sectional, obsarvational sludy 1o delenmine
the diflerences betwesn sach playing posilion: wings (W), centre
Backs [CB), backs (B) and line players (LP). Reals corresapand b
the average of 14 competitive official home malches disputed in the
2017-18 ASOBAL league (Spanish national premies league). We
enllected 188 records fram Me 16 playars ssecteg mm the 14 games
{61 fram W, 18 iram CB, 68 from B ard 41 fram LP).

Subject
We analyssd 16 peofessional elile male players rom the same team
ihroughout the seasan. The leam comprised fve W [26.5 + 5.3 years;
183.1 = 4.4 emi; B3.2 £ 4.1 kgl, twa CB (32.0 = 7.1 years:
1928 = 1.0cm; 93.8 = 4.9 kg), six B [26.3 = 4.5 years,
1953+ 28em; 97.8 = 5.1 kg) and three LP (28,3 + 4.0 years;
198.0 + B.4 em: 1015 = 4.9 kg). The data came fram daily
monitesieg af 8l the players in the leam thraughout the seasan bath
in training and in competition. Conseguently, the approval of an
#hics commiltes was pol feguired [1E].

Competitioe mttcly moitaring

The study ws caried out wsing the WIMU PRO systern {ReaTTrack
Systema 5L, Almera, Spain), Exch devics, whose dimensions were
Elxd 516 mm {heightfaidthydepth) and which weighed 70 g, was
fitted b the back of each player with adjustable bits [Rasdn, Vaken-
cia, Spain). All the pliyers wen used 10 his ype of device and the
way il is lesiered, &s ey had irained wilh this system all sea-
son (3, 4k
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Playing lime was only recoded when the players were on court.
The time spent between player rotation, Emeouts (@ masimum of
e per malch), peniods when the game was inermpbed and the
disciplirary sanchions typical of handball where the pleyers must
e The eourt Tor s mirules, were rmitled,

A5 14 game wers monitored, all the pilsyers included in the study
parlicipated in the game for an aversge ol approcimately G0 minubes
per game. The leam's game model used mainly 2 60 deence (sis
players sligned mesr the G-melre 2one) and was conduche (o @ re-
markabily high game pace with many courileratiscks.

Lhara procersing

The pessitioning data record was monilorsd in real lime and Subse-
guently analysed wsing the SPRO saltwade wersion 937 (SPRO, Real-
Trasck Systerns, 201 B The syslem operates by mears of briangulalions
bebaeen four antennas with patented ulbra-widebard technology
{18 Hz samjling frequency} placed 5 m sway om each ane of the
eorners of e court and at 8 height of 6 mebres. Thess units include
several sersors thal record al diflerent sampling frequencies. The
sampling Wequency used 107 3-axis, Bccel snbeler, Eyicacape, and
magretometer was 100 Hz ard 120 kPa for the barameber [3, 4],

A previows walidalion shudy found & lotal bias in the mean veloc-
iy measurement betwesn 1.18 and 1.32 kmyh while the bias in
distance was between 2,32 ard 4.32 m {19) In addition, good iner-
unil and intra-uril reliability was reparted (intraclass comelation
crsefficients = 0.93) (19}

The eflective playing lime (FT, in min), distarse covened (TO, in
m), maximum spesd achised (ma”), sverage spesd (mrs’} and
high-speed running (H3R, distance covered in meles above
5.0 mes) [14, 20] were extracted from the raw dats reporbed by
the syslem using SPRO wibwarn. We ratrisved the distancs covered
at different speeds: walking [0.0-1.7 m-="), jogging [1.58-3.3 mrs™],
slow nunning (3.4-5.0 m&®), running (5.1-5.8 mes"), high-inten-
sity runnirg [5.9-6.7 ms) and sprint (> 6.7 m-=="). The total
nurnber of accelerations, deceleralions, high-intensity accelerations
{HIA), high-irensity decslerations (HID) (in m-=) and HIAHID per
i (s it ) were recanden. HIA and HID were defined as ewenbs
above 2 g [7, B]. W calculated the TPL (lotal player laad). The TPL
& & vetlor magnituoe sapiesed 5 the sgisie ool ol e sum of the
squared inslartaneous rabes of changs in acceleration in each one
ol the three planes divided by 100 in absolute [7] or relative time
- TLP-min™ [16, 211.

Seariseical analysis
Descriptive statistics are presented as mesns and standard deviatiors
{SD). Differences between playing posilions wene analysed using
Caihen's shlect size (ES) statitics and = 90% CL. The critsrion for
delermining te size of the ES wed: = 0.2 | 0.2 1o 0.59 | 06 o
1.19 | 1218 1.09 | = 2.0, considering these vakies 85 irivial, small,
moderste, largs and very lange, reapactively [22]. The parentags
likiliFnod of dilference betwesn groups was caleulsled and regarded
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External load in elite handball related to playing positions

TABLE 1. Eflect sire and stalibically significant diferences betwesn playing positions in IMU vaniables.

Vari. ) Center Backs : Rat-  Line players
ey Wings 1) s Bating i ES  Rating  Backs (B) ing "'"_"
-~ Li=noz 1l +02 1.1 02 11+ 02
g E CB: 001 trivial B: 020 trival LF: OL0R  frivial
£ 2 B: 0.31 sl LR 013 trivaal
LR 024 sl
— B4=0B" 63 + DA B9+ 0 62 =08
E CB: 002 trivial B: 052%  small LP: 036 * sl
: B: 052 ™  modemie P 004 vl
= LR 028 sl
4103 + 19332% 2432 = 1302 ° 1617 + 1101 1724 = 960
R moder-
E R 110 moderate B: 0EE*  ale LB 005 trivial
E . moder
B 1% large LR 065 * ate
LP: 166 ™  |ape
i gEz23 3717 26 = L6 32z 18
E CB: 164"  |ape B: 0EBO " small LR 020 trevial
. B: «2.05 ** very lage L 028 small
ﬁ LB L 80 ***  |ape
196 = 182 345+ 181 24 = 158 243 112
moder:
= CB: .50 el B: DG4 ate LP: 004 *  trwvial
ﬁ minders
B 004 ***  modeste LR 068 ate
LP: 102 * modemte
- l3a8=607 148.7 £ 59.2 1202 = BA0 1202 338
— CE: 023 el B 043 *  small LP 021 * el
i
E moder:
- B 024 sl ROTET  am
= LP: 046 small
_ lEgaEE 142.7 = 50.5 1052 = 49.2 BO.6 = 289
E moder:
4 CR: 061 * el B:DES*  ame LR 014 frivial
E moder:
% B 015 trivial LB 091 ™ ae
LP 030 smal
—~ 2208 23+ 08 21 + 08 20 06
- (.| trraial 3 small LP: <0 rial
EE £B: 0.06 B: 026 P 003
Z% B 0234 trivial L 032 small
£ LP 046 sl
. 1B=08 22+ 08 18 07 18 = 06
A4l sl E - small d " irenial
£EE ca: 0.4l B: 0.50 LP: 0.08
?"E B 008 trwiad LR 082 small

LP: 0LOE~ trivial

ES: efleet size. substantial probability of dilference Between playing pasilions: * likely, =+ very likely, ard *** most likehy. TPL: total
player laad; MaxV: maximum velocity; HER: high-speed running: HIA: high-intenaity acceleration; HID: high-intensity decsleration,
Signilicant differences {p < 0.001): ® line players; ® backs; © wings.
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s almost enrtsinly mol (< 0.5%), very unlikely (< 0.5%), uniikely
i< 25%), possibly [25-75%), likely [=> T5%), very likedy [> 95%)
o st likely { = 99 5%). A percentage likelihood of difference < 75%
wiara regarded 52 8 substantial magritude. Threshold chances of 5%
for substantial magnitudes were used, mesning that & likelihoad
ol = 5% in both & pasitive and regative direction was eonsidered
unclesr We shso ealculaled sigrificant differences. The Kolmogaroy-
Senirngy lest coedirned & nee-normal distrbution of 1l the vaniakies
analysed, The Knshal-Wlls test was perlormed bo eompare Be lour
playirg positions, fallowed by the Wileoxon sigred-tank test with
Huby adjusbment 1o determing the diflererses between posilions in
pairs. In the stalistical tests that required A, the significance level
was @ < 005, The statistical anahyis was pedarmed Lsing the
R Shudia Seltware (v1.1 4563 Sludia, Bosion, Massschusalts). The
megsyremrenl enors of Sl the mebics we wed are nol @vailable, 3o
we could rat inchude them in our statistical analysis,

RESULTS
The playing time did not present arry significant difference between
playing pesitiors {p = 0.06), although CB (B5.6 = 12,6 min) played
maderalely mare than LP {563 = 12 min, ES = 0.75) and lightly
more than B (59 = 12.5 min, ES = 0.5} and W {608 = 6.9 min,
ES = 0.27). The lotal ditances travelied wers significanty dilerent
Dbebween playing positions (p < 0.0001). CB-(4040 = 1007 m) and
W (3003 = 1224 m) cowersd 8 moderalely greater distance
{ES = 1.06, p < 0.001 ardd ES = 077, p < 0.0001, respectively}
than B (3571 = BG4 m) and LF {3149 + 630 m) dufing & game.

Didanee coveral (m)

108 & A15S '—'
1488 5 MR —

Roger Font 2t ai.

The distance iravelied per minube was significantly diffenent betwean
playing pasilions {p < 0.0001). W (84.5 = 104 m-min'}, CB
162.3 = 11.6 memin™) and B (618 = 78 memin ") travelisd mod-
embely taster on average than LP (56,5 = 6.6 mmin’, ES = 0.91,
0,62 and 0.74 respeciively).

TPL was significantly different between playing positions
{p < UD5). CB (71.2 + 12,6 UA) bore moderately mare TPL than
LP(59.5 = 12 LA, ES = 07}, shightly mare than B(62.3 = 17.7 LA,
ES = 0.5), although W had a similar load (68,1 = 23.1 UA,
ES = 0.15). The total number of acosberations and decslerations
performen during & game wese equialent for W, CB and B (accel-
embion: 11675 = 337, 1166.9 £ 203.9, 1125.9 + 2716, &
spactively, ES = 0.01 1o 0.15; decsleration: 1164.4 = 336.2,
11614 = 2039, 1120.7 = 2711, respectively, E3 = 0.01 o
0.18). LP gifler anly glighlly from CB in this aspect (sceeleration:
11025 = 264.1, E5 = 0.22: decsleration: 1106.15 = 263.4,
ES = 0.21). The analysis of the iotal number of accelerations and
decelsrations did nok present ary significant (p = 0,82 and p = 0.79,
respactively) or substantial diflenences,

Table 1 presents ihe extermal lead variable and Figure 1 Be dis-
taee travelied a1 different speeds.

IS5 5 i
T ur krowledge, this is te first lime that an elite mer's handball
team has beer monitznsd by IMUSs during 14 afficial malches fom
& togrlevel natical regulsr league. The main findings are that CB
and W difler substantially Irom B ard LP The extemal ks differences

oogEm
]
.

I

| |

13 3:4 L .
B MW iis: Diiio Pl
E = E = & @
MR W e e
Walcing Togging Slhow ronning Eunning High intenssty nimeg Sprint

FIG. 1. Distaree coversd at diflerent speeds acconding o esch playing posiion.

Speed eriteda: walking (0-1.7 m-s"), jogging (1.8-3.3 m=<"), slow running (3.4-5.0 m-s7), running (5.1-5.8 m-s7), high-inbansity
funfing (5.9-6.7 m-g"}, aprint (= 6.7 mall The thickness of the lines repredants the magnitude af the difference (elfect i)
= gtands for & large, = lor & modarsie and = lor & small diflerence. Onky eMect sizes with & substantial probability of differsncs (>

T5%) are shown.
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External load in elite handball related to playing positions

betwesn CB and B are a5 high 25 can be justified by a dedicaled
analysia,

?iufd&m:. Iﬂqﬁ.rgﬁmr amd TPL

CE played mare and braselled the grestest distarce, Tollowed by W,
and LP hiad the lowest exdemal physical loed. Despibe some conlro-
wersies in the calculation and meanings of TPL, this melric is one of
the: most used variables bo contral external load during competition
and fraining in team Sports [B, 7, 15]. OB bome the highest TPL,
follawed by W, B and LP To our knowladge, no study has been
canducied with Bis metric.

e might think that time spent in the field [i.e. more opportuni-
lies 1o produce external bad) should atlect the TPL expressed by
winit ol time {mirutes). Surpresingly, this metne was practically iden-
tical for &ll playing positions (= 1.1 = 0.2 AL min-). This is & re-
rminder of the complexity of te TPL famiula, mainly bassd o0 ac-
celeration, and therslore not simply dependent on efective playing
time or distance coversd [5, 15, 21]. Fudhermane, it & difficull o
comgare the resuls of this paper with those trom ather handball
atudies, on secount of different age [231, population type: level [5]
and gender [6, 15] and garme type: non-campelitive games [B] and
compedifive games |5, 16, 21]. Thess resulis question the ssfulness
of this variable in aasessing exterral load in handball.

Most ol the works in te lilerature heve mesged OB and B [11, 20].
Toour knowledge, only Cardirale et al. [12] and Barbero et al. [8]
hiawe studied OB separately, albei with & different tracking technsl-
agy of in nor-eoological conditions, Our resulls confirm that the
exbemal loads bome by the CB are the highest and thensdone call for
& apecilic approach. The regults oblzined by the other players are
enraistent with previous studies conductad by vices reconding 19, 20).

Runming pace, d&wmann’mnfn!w

Many authors have measured the distance travelled per minmte in
their work, although the differenit methodalogies wsed fo measure
playing time (taking ar not taking player rotations indo sccount, beam
tirnie ot and actual playing lime) have rendered this number vitu-
ally impessible b compare [B, 9).

Distance cowered i different speeds i nobewarthy since i i di-
rectly relaled b the game model. The technical stall can therefors
us= this indicator 1o design training content, particularly 8t the met-
shalicbevel All players, ragandieas of position, covered between 70%
and 7E% of the botal distarce 8l & runring pace of ks than 3.3 ms™
{walking ard/or jogging) and betwesn 17% and 21% &l bebween
3.3 and 5 mrs. W covered & significantly greater distance sbove
5 mrs’”" compared o the obher players. These nesults are consislent
with thase of previous studies [13, 24], alticugh it should be bame
in mirsd that hard ratational technologies were wsed.

.Enrintnmd'.b.lgﬁ-w IR
Playing efite handball calis for & substantisl volume of high-spesd
running [8]. As stabed befare, IMU could have validity and reliability

concemms when maasuring high-speed running (25); therelore gur
restuilts and conclusions could not be delinitive. Howeer, e var-
ahiles are extremely imparand dor training and e prevention of ir-
jury. Previous studies [8] conducted with GPS during 30-minute
outdoor fraining games reporied higher sprinting speeds lor
WG9 =03 me"vs. 6.4 = 0.6 mrs™), and similar resulls for CB:
(6.1 £0.3% 63 =06 and Bi6.1 +0.3w. 59 =08 ms").
LP reached a higher sprinting spesd in our Sludy (6.2 = 0.8 vs.
5.5 = 0.4 ms"), which is even higher than B. Many factors could
excplain these diflerences, such 2 the 1ean's game madel, the indi-
vidusl characieratics of each playes latigue (our data were coliscted
during whole games) and & higher number of games ii.e., 14). On
companng the walue of madmal sprinting spesd expresded during
garmEs 1 sprint testing (e.g. 30-m straight-line sprinting) some sub-
slanfial diferences emenge. I cur study, the mean maximal sprint-
ing perlormed by W was about 17% (1.8 v, 2.1 mrs) kower than
thial whilch wes abbained by players fram the same level in 2 30-m
sprinl [25]. This diflerencs highlights the fact that it i highly likely
that handball players do pot feguently resch thair medmal velocity
during games. Coasches should corgies this aspect,

W presented the greatest high-speed laad, & Mey coversed e
gresitest H5R distance each minute and perfamn ed the highest num-
ber of HSR. CB enmpileted e highest nurmber of HSR but with & low
HSR value covered sach minute (3.7 = 1.7 HSR-min ). This para-
dix eould be related ko the lechnical and tactical demands of This.
playirg position. CB are & in & ceniral position inwhich they param
many shar, high-intersity runs towards the goal,

It is alsa uselul 1o know how many melres players treavel in HSR
dufing & mabch. These values are sspacially impartant for coaches
lo manage HSR wolume during & braining ssssion of 8 microcyck,
Previous research conducled by means of vides analysis yielded
simiilar reaulis boour sbudy, inwhich W covered the greabest distance
at spennts above 5 mes [12, 201, 1t is worth notirg that the distance
civened above 5B rmes” Mucluates grestly. The CY rarged fram 46%
for the high-irdensity runs to 145% {lor runnirg, high-inbensity rure
ning ard sprinting). These variations relect te unpredictable char-
acter of game demands in beam sports. [7] arclor the limits of the
deice in high speed munning messurement. Belone drawing any
definilive conclision feganding high spesd running and sprinting, we
e 1o be more conficent about the validity ard the reliability of the
device.

Averlemmsion and decelemsion

Flayers' ability 1o accelerste ard decelerate is pardicularly imporian
in mesting tactical and technical demands in handball, This i evideni
i e pumensus changes of direction thal take place duning
8 maleh (9], Our reswlts indicate that sll players peromm & Similar
armount ol accelerstions and decslsratiors. CB performed the high-
st usmber of HIA (188.7 + 59.2 47 and HID{ 142 7 = 59.5 157,
This shiould alss be relalesd to the technical ard Lactical derm ands of
the playing position and the HSR per minuie. When these values
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were standandised by playing time (m-s"min’], the esulls wene
airnilar [Table 1), These reaulls coincide with those obtained in pre-
wicus shudies conducted by means ol video recanding [27], albeit ot
with athera [B]. Howeser, the comparson of both studies is once
again difficull, sither bocaniss they irvahed women oF biease they
were based on GFS moniloning during culdesr brsining games, re-
spectively Decelerations lead b & significant eceentric demard an
players, which eould induse many regatve sflects (eg., muscle
darnage) and irjuries [2B]. Thus, the bechnical stall should manitar
ihiia aapert. Even if the threshold is lower in our study (2 v 25 g,
arsdball induess ore of e Righest deeslpration loas for players in
fear sports [28].

Methadological considerations

In et studies, CB wene included wilh the lateral backs (i.e., rght
and left} in the backs cabegory [13]. This aspert is important, becaise
i clustering potertially concesls some especially impantant infor-
mation for the technical stafl. Probably, physical demands on the
court decrease e CB and increase for LB, so that it i difficult for
e coach 1o adjust thern. To owr knowledge, anly bwa sthudies hene
made & distinclion bebwesn these players [8, 12].

Arcther important condideration is that neither video-based ror
IMU anatysis could measure the exlernal load in handball exten-
sively. The actions performed on the braining fiskd did ot ahways
produce & mavement of an scoakeration. For example, bo block Their
apporent, LP use a high level of isametric strength and need o
maneuvensr vigorously with their armes o gain an advantageous po-
sitior. IMUS could regiter some movernent (&g acoeleralion) in
fhese situstiors but their intensities are lar lrom the level of momet-
ricforce reguired in this type of action. These activilies produce & high
cardiac oubput [24] but are nol cleardy chesrvable with IMUs or
widen bracking.

‘While Bhis study provides an anakysis of the external load ol male
elile handball leams, it s limiled o ostain ghabal mebrics amnd does
nol peovide a further insight inlo handball-specific Movements such
s sidewanyd and Backwand displacements and jumps. Hencs maons
wark is necessary bo elucidale thede spects further.

Limitations

A learn can use diferant defersive systems (different spatial and
functional organisation, e.g_ &0, 511 depending on the coach's
choice. These optiors rely on many (aciors (8g the ppponents,
erach philosopiy and team charactenstics]. Each leam choosss s
e defersive System bul also must conlend with the opporent’s.
These tactical oplions are likely 1o heve many conssquences in lams
ol physical demands, alihough we are ol aware of any study thal
ennlinmas this hypathesis. The data presented in tis imvestigation ae
Based only on home games (with & predominanily 610 delersive
sysiem and an offersive game based on counderaltack and spesd)
which can abso affect game demands [29). Since we monilorsd the
same leam over 14 games. il should be noled thet many variables
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could have influenced oulcomes, such as the level of the oppo-
nents [30] and game plan [31]. Another i @ that player otation
i uriimited in handball, and most tears use offensive and defensive
sperialists with systematic changes. These constant fotations pose
nurnenous difficulte in analysing game demands.

Practical applicsttions

Our resulls eould previde sdemal load mlference values Tor other
male elite handball teams. CB and W present & similas leel of ex-
terrual (e, This ia irnportant in designing approasiate training content,
particularly fos high-spesd rnring, Thess findings eve centain direct
imgilications for irjury prevention. Technical dalf should apply the
aame amount of speed trsining for CB and W, LF and B besr e
amallest exberral ks in pur study, But it should be remembened thst
IMLIa eould nat scturstely messure LP perlormance. A& 8 reaull, Be
needs of these twa playing pesitices should be diflerent. It is impar-
tani 1o sdapt training |ead and tairing content 1o each playing posi-
tion and coaches shoukd establish at least theee different groups: 1)
CBard W, 2) B, 3) LP

CONCLUSIONS
The analysis of all the variables menitored with an IMU system sug-
gesits that both CB and W posilions have: the highest exbemal load,
while by contrast B and especially LP hene the lowest ad. W and
CE perlonm & substantially greater number of spirits and high-speed
runnirg than Me ofher players. Some methadological and techng-
loggical isausess limil the analysis of handball-specilic movements {eg.,
jumps and Sideways arnd backward movements) and reseanch that
oweroomes hese dificullies is called for. Cosches and praclilioners.
will alag need o urderskand how conbexbual Tackors [e.g., level of Ehe
appanent, game location, score and game plan) affect physical game
demands. This knowledge could lead to betber training load marage-
mert and the design of specific training coment.
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ABSTRACT: The aim of this research was 1o analyse the capacity of a hame-based training programme to
preserve aerobic capacity and jumping performance in top-level handball players dering the COVID-19 lockdown.
Eleven top-leved male handball players from the same team participated in the study A submaximal shutthe run
test and & counter-movement jump tesl were used to measure the phayers’ aerobic fitness and lower limb
explosive strength, respectivedy. A 9-week home-based training progr was followed during lockdown.
Pre-test messurements wese assessed before the pandemic on 29 fanary 2020 and ended on 18 May 2020.
Moderate significant mean heart rate increases were found in the Iste stages of the submaximal shutte run
1est after the lockdown (stage S, B.6%, P = 0.015; ES = 0.873; stage 6, 7.7%, P = 0.020; ES = 0.888; stage
7,6.48%, P = 0.019; £5 = 0.827). Moderate significant blood lactate increases wese observed immediately
after the submaximal shuttle run test following the lockdown (30.1%, P = 0.016; ES = 0.670). In contrast, no
changes were found in jump performance. A structured home-based training programme dusing the
COVID-19 lockdown preserved lowes imb explosive strength but was an insufficient stimulus 1o maintain serobic
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capacity in top-level handball players.

CITATION: Font R, burtis A Gutierrez JA et al. The effects of COVID-19 lockdown on jumping performance
and aerohic capacity in eite handball players. Biol Spart. 2021,38/4):753-759.

d: 2021.07-29; d: 2021.05-18; Re-suh

INTRODUCTION
The first cases of connavins disease 2019 (COVID-19, caused by
SARS-CoV-2) were detected in Wuhan, China, at theend of 2019111
Subssquently, due to the effects of the virus and its easy spread,
different countries opted to quarantine and isolate their Gtizens,
confining them o their hames. In Spain, & state of alarm was declared
an 15 March, which affected the entire popuiation [2]. Al the spont-
ing leved, all terrtanial, naticnal and intemational compelitions were
suspended. In handball, the last matches were played on 7 and
8 March 2020 and all players had to stay at home at least until
4 May 2020 [3]. The dilferent competitions did not resume again
until August 2020 and only for elte teams (national and European
competitions).

The importance in handball of certain levels of strength, speed
and azrobic endurance 1o withstand taining and competition is well
known [4, 5, 6, 71 It & also true that high intensity work is increas-
ingly important due to the increass in the number of possessions in
the game and the pace of play [51

202109-26; Accepted: 2021.09-26; Published: 2021.10.16.

Key words:

Elte team sports
Detraming

Heart rate

Pandemic
Jumping

During this entire pariod of home confinement, the players had 10
work In their respective homes to avoid partially or totally losing
previously acquired morphological and physiclogical adaplations
through detraining or a dacreasa in training (8, 9, 10, 11, 12]. The
difficuities of finding oplimal spaces 10 train o having adequate train-
ing material and the uncertainty as 1o when competitions would resume
generated lrustration and demotivation in many athietes during this
period [13]. Individusized work routines were planned (o reduce this
teaining handicap &s much as possible, and 10 counter lack of motiva-
tion, poor nutrition and resting Ssues that may aflect the athietes”
ability to maintain proper habits and routines [10, 14, 15, 16]. In
many cases material was provided to the players and group sessions
were held by videoconference (10, 171

Most of the current ressarch on detraining & characterized by
much shoeter periods of time than that of this pandemic {11, 12].
However, thare & a lack of information regarding the capacity of
home training programmes 1o preserve general fitness levels (lower
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iy enpiesive strergih and Benabic capacily) in top handball players
during the DOVID-19 |ockiown. To the best of our kniwdege, anly
ane previous study [14] has irvestigated the shects of & given trsin-
ing pregramme in the aerobic capacily of elite handball players, Such
studies might provide vahuabie insights about the resl impset of home
training programmes (o prevent detimental effects an the gensral
fitresis; of elite handball players.

Aceondingly, the aim of this research was 1o enalyse the effective-
nesa ol 8 hame braining programms o préserve ssnbic capacity and
Kerwesr limib explnsive sirergth in iop-level handbal| players during the
COVID-19 Inckdowm.

MATERIALS AND METHODS
Design

A rebros pective design was used 1o compsre e change in submexi-
mal shute nan test ard jump best perlomance. A 9-wesk home-based
Trsining progranme was fallrwed during lockdonm. Pre-test measiure-
mmenis were Busessed belore te panderic on 29 January 2020 and
ended an 1B May 2020, The tests were conducled an the same dag,
first prerforning e subenasimal shultie fun bt in baa groups of five
and siv players, respectively, and the the countermevement jusmng
{CHLI} st The submasximal shutle rn and the CM [2sts were used
1o measune the playens’ serabic fitness and lower limb explosive
strength (beth bilateral ard wnilaleral], respectely.

Subjects

The slucy was conduciad or 11 tog-level male professional handbsl
players fram the same leam thoughout the samne ssasen. These
wese all international players with their respective nationsl 12ams
during the sepsan in which they participated in this study. The play-
ers were three wings (26.3 = 3.7 years; 185.3 = 4.7 em;
B3.2 + 6.5 kg), fous backs (205 + 7.0 years; 193.3 = 5.1 em:
083 = 7.4 k), Wiree e plaryers (27,0 = 6.4 years: 1950 = 3 Oem;
105.3 = 9.2 kg) and cre poalkeeper (27.0 = 0 years; 190.0 = Oems
£4.0 = 0 kg). The data were chlzined fom the pesicdic manitaning
ol e players during braining sessiors. Al players sigred a eonlsac-
1l elause aceapling Meir paticpation in resesch projects; herle
approval by an ethics cammitles was not reguined [1B]. However
&l players were informed about the purpase of the study, the kncwn
sishs arel possible associsted Razants, The resesh ws in sceordance
wilh the Declaration of Helsink, and prolessicnsl players gave in-
formed corsent price to parlicipstion Braugh Melr contracts.,

Sbmscimead shacstle rmn sest

T sz the ssrobic cagacity of the players, te multatage 20-me-
fre shuttle run test [19] was perlormed up 1o slage number B. The
lest cansisted of running continuously bebwesn bao lines placsd
20 i apart & funning Spesds increased by appropriale inbervals at
& pre-recorded beep. Mean velocity staried at 8.5 kb for the
first minute (stage 1), increasing by 05 kme b every minute up b
12 km- b (siage 8).

54
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Dwring the test, heart rate (HR} was registered wing & Garmin
HR strap. The HR monitor was linksd o the WIML PRO system
|Realirack Systems, 5.1 Almeria, Spain) and data were analyssd
theseafer using mesan HR values for esch submaximsal shaltle n
1o stage.

Cine rirute after the and of the test, players wene pricked in the
eaflobe 1o analyse blood |actate levels [20, 21, 22]. The analyss
was perlonmed with & Lactabe Sooul + lactate arakser and Lackale
Scout best strips (Mova Biomedical, Wallham, MA, USA).

Jump

The CRA Best wis used [0 assess verlical jump perormancs as an
indicabor af lower limi explosive sirengih [23]. Players performed
& fast flexices movement of the knee joird followed by & maximum-
ot vertical jurnp, Maintsining Me hangds-on-higs pasition unlil e
final phase of the jump, A contact plathar (Chiomajurmp Boseosys-
tem, Bareelona, Spsin) was used b asssss TR height. The hardware
was cannecled o & compuler which displayed Be vertical jumg
height (een) using free saltwsre (2.0.2., Chiceojump Boscosyalen
Soflvare, Barcalona, Spain. This typs of techrakgy e proven ik
rediahility and validity in olher bypes of ressarch with vertical jump
tests [24]. Players perfomned two bilaberal CMs and bwa unilaberal
ChJs with each leg. The beat result of esch tast (eight, crm) wes
recorded and wsed loe Turlker analysis.

Howee rraining progremme .n'.wi:ug OOV 19 fackdoum

Earh wask during confinement, players racsivad a siruchred bining
pragramme b follow 21 hame. Basically, the home-beser sining
programme ennsistert of Tive Irining tays, from Monday bo Friday,
wilh & break gver the weekend. Durirg the fik! eight wesks, thres
abrerglh Irsining sessiord were peronmed per wesk jon Mandsys,
‘Wednesdays, and Fridays) and two endurance-oriented seision
{oni Tuestays and Thursdsys). During the last wesk (week ), two
abrengih braining sassiors and five endurance sassions (three ouldoor
running sessions ard lwa stalionary bike sessions &l hamel were
pedonmed. Thede wad around & 40% reduclion in ok oad wol ume
betwesn what the players actually did at home during the
OOVID-19 lockdoan and whatl Mey would heve periormied wnder
normal Lraining and compelition.

During confinement, players perkarmed an averags of 27 strength
Yraining sessiors, inchudivg both individual sessions and anline group
sessions, All sesainrs corductsd al home hal owed the medical recmm-
mendations derrved fnam the COVID-19 pandemriz [9, 251 All seasiores.
were preceded by 8 geresal warm up consisting of —10 min of low
intensity rycling ietatinnary bike), mability and lumbo-pevie stability
exencises. In the first four wesks, strength Training was enduranos-
ariented and over the ast four wesks sirength raining was ypertro-
pivy-orierted [26]. Individusal ypeaophy-onented iREning programimes
were arganized i supec-sats in which & combinatian of low specific-
iy level exsrcises {ie., bilaberal squat-Dased exercises) preceded
slightty mire specific exercisss {mare dynamic conespordence with
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[ Homs-based Traning Program ]
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FIG. 1. Home training programme overdes. BW, body weight; H
Exertion Scale for Resatante Exercss; RPE, l'ElﬁI'l,gN perceived gxe

hardball -specific movements, e, verical jump exercises) [26]. Re-
ganding endurance iraining, players performesd an eveage of 19 as-
siord. 1 e first lour wesks, players perdonmed individual sirength-
[based high-intensity interval trainirg (HIIT) cincwis, and Trom the filth
wesh orragnds they were preseribed genersl serobic fitness Iraining
2231008 hased on corlinuous and progrecsive exeniss, Both wibjec-
live ratings of perceived exertion (RPE) [27, 28] and the DMMI Per-
ceived Exertion Seale (OMMNI-Res Scale) for Resislanee Exgrcise [29]
were e i prescribe inbensity during Iraining sessions. See Fig-
ure 1 for & complele cverview of the basic characieqstics ol the home-
basad brairing programme.

Seasistics

Data were leslad far aﬂpl'mimﬁﬂl'l Io & normal distribulion ugiﬂE
T Sheapino=Wilk test. A paired Sludent’™ 1-besl wiad used o svalusls
diflerances in wasiables of inberss! [bﬂﬂy masa, mean hea rals,
eapillary biood Iaetabe concantration, CMJ height) from pre- and
post-lockdown periods. Coler™s d was used o calculsle the eflect
dipe (ES). Thresholds lor E3 slalisties wene bivial [ES < 0.200); small

IIT, high-imergity interval training: OMMI-Fes Scake, Perosived
rhian

{0.20 < ES < 0.59); moderate (0.60 < ES < 1.19); large
{120 < ES < 1.99); and very lange (E3 > 2.00 [30]. All daba wers
reporied & mean = standard deviation and the kevel of sgnificanc:
wias sel al P o< QD5 All slatistical analyses wene conducied using
SPES version 23.0 (PSS Slatislics, IBM Corp., Amnonk, MY, USA).

RESLLTS
Mo significant diflerences (E3 = -0.036, tivial) were found in body
imass following the home lraining programme [Pre-Jockdawn:
990 = 12.4 kg and Posb-lockdown: 9B.6 = 12.7 kgl

Subroctmeal shustle run et

Moderale, rmﬂlmﬂﬁl'lt mEan HR increasss were obaervad in [he
early slages of the submaeximal shuttle run best (sembic capacity)
{fromstage ]l 108 = 15and 117 = 11 bpm; stape 2 127 + 11 and
141 = 21 bprm:siage 3, 133 = 12 and 147 = 20 bpm; stage 4,
140 = 12 and 153 = 19 bprm of HR mean values Tnom befiore and
alter the hame Laining programme. repectively] and meaderate,
significant ehanges were observed in laler stages [from slage 5,
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145 = 13 and 158 = 15 bpm [F = 0.015]; stage 6, 152 + 12 and
164 = 14 bpm [F = 0.0Z0]; stage 7, 157 = 11 and
167 = 13 bpe [F = 0.019] of HR mesn values fom befone and
alter the home Iraining programene, respectively) (see Figum 2)_
Finally, crily small, noe-significant increasss were found in the Lat
sbage (stage B, 163 = 10 ard 168 = 13 bpm of HR mean values
fram betare ard alter the hame braining programme, respectively].
The mesults from Ehis test wens derived from 9 players due to HR
hard registration probiems with 2 of the playens from the sample.
Fegarding lactate, moderats, signilicant irereass (4.1 = 1.4 and
53 = 2.2 [P = 0.016] mmelL mean values from belore and after
the home iraiving programme, respectiely] wene lound (see Figure 3

Jump eeut

Mo changes were found in jump perdormance (41.8 = 5.3 and
41.0 = 7.0cm of bilaberal CMY, 2009 = 7.3 and 22.3 = 4.7 ¢cm
ol unilateral CMJ [rght], and 21.7 = 4.4 and 224 = 3.2 om ol
unilateral CRLY [left] height from belore and after the hame training
programime, repectively) (we Figure 4).

[l wVigfel iy ]
The aim of this research wis io analyss the ability of & home brain-
ing programene o presenve sembic capacily and jumping pedormance
in tog-levdl handball players durirg the COVID-19 lockdown. The
home training programemes jollowed by the players maintained
lerwet limb explosive strength, meesired as MU periarmancs {jump
Teighty, bl appeared b be insulicient 1o mainlsin sembic capacity

Moderate, significant HR increases were obaerved in the last slages
al the submasimal ahultle rum 1es) sfter the COVID-19 lookd owm

796

FIG. 3. Capillary blood |acdate concentration. Black circles, pre-
lockdawn [Pre; While circles, post-lockdown (Post). ES, Cohers
d efect size. *Signilicantly different &t P < 0.05.

[3ee Figure 2). This might b2 indicative of & 1053 of senobic capadi-
by 131, 32]. I has besn well establshed that debraining, due io
trairing suppression of inadequale fraining, induces maximum HR:
incresses (betwesn 5% and 10%) [11]. Although this was mat ex-
actly the case during the lockoown scanaria, the home Lraining pro-
grammes probably tailed bo provide & suficient stimulus bo mainkain
aembic capacity in elile handball players. This was also presiously
described by Fikenzer ef al. [14], who foursd that endurance capsac-
ity, essied by the maximuen mesn velocity sohieved in @ multistage
20-metre shutlle nun test, was diminished in most elite handball
players from & gheen team due bo the unspecific and inadequsate
stirnuli prowided by & home-based training programame during the
COWVID-19 lockdown. Dauty & al. [32] oblained similar results with
the yo-pa test in poung lootball players. The depandence on wolume
of endurance trairing responsss [33] would explain the incapacity
of home trairing programmes ko maintain serobic capacity in highty
traired fop handball players. bn tact, the bome braining volumes wen
approximately 40% lower than thase achieved during e regular
semen immedisiely before the lockdown. Moreover, aur players only
recehed runring-specific stimuli during the Last two weshs of the
lockiioran (see Figuse 1), reinlorcing the notion that the Lack of trair-
ing specificily also conbributed, bo some exent, bo the ks of serobic
capacity [14, 32].

The moderate, signilicant increases in lactate after the
COVID-1'9 | ockdossm were ska indicative of 8 decrease in the players
aefabic capacity (ses Figure 3) [11, 34). Specifically, laclate inceas-
es are indicative of & reduction in the oxidative capacity of the
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ruscke [11] ard present & high cormelation with endurance capacity
in frained populations [35]. Togelher with HR valwes, fhese results
confirmed that home-based endurance training was insulficiend ba
maintain aerabic iness in lop-level handball players. However, it
st be eordidered that since only moderate (ES) charges in sembic
fitne<s indicalors (HR ard lactate) were found afer the lockdowr, it
Seems reasorable b expect & rapid feomvery of pre-lockdoen values
when players rehumed o orecoun sport-contscdualizd iraining re-
girmes

Lower limt explosive streagtly

Regarding CWLI pedlormanes gs an indicaior of Iower Emb explosive
sirengih [23]. no changes were lournd belween the bwo best periods
a6 Figure &1, showireg that the trsiriirg stimudi provided by he strangth
Iexme-haser brairing programme (Figure 1) were adequate bo preserve
jurnp eapacity. Despite certain signs of debrairing in neurm uscular-
redated qualities and peak power culpul, Similar results heee been
previously reporbed in the lterabure about home brairing programmes’
capacity i prassre jump pedormance Meight] in professiceal foothall
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players [36, 37] and fulsal plyers [38]. Specifically, Ramgirini
et al. [37] anaheer filty professional foothall players and found that
2-3 bedhweight or small weight sirengih irsining sessions par week
at home during the COVID- 18 lockdown preserved Ch height despite
& roderste (ES] loas in peak power cutput. Thess suthors [37] ska
ehitained similar results following the transition period, wienes similar
bodyweight Eraining sirategies were implemened. In this rgard, i
Fuies, sy sty beomrvind in national lesvel handball pliyers that & 7wk
indernagtion of the exernal weight-based stength brairing, whers
players anly perkarmmed spert-sperilic braining and bodyweight exer-
cisss, was encugh o maintain jump perdonmance (height] [ 33]. Thers-
feres, AN although & cartain Sagres of 18 i jumnp-relabsd fesroms-
cular qualifies might be sxpected, home-hxsed lower b strength
training programmes, despibe the diffensnces in irsining conbents and
Slrategies (i uding equipment], s& b be capable of maintaining
jlarmp prerfermsrece messursd as CMY height.

Ay i portanit imitition of his shudy ws the Inpossibility of fssess.
irag the wheli besm after the [pckdown bessuse mary players wes
in Eheir respective home countries. Despile this Bmitstion, 11 top-
lewel heanelball phayers were 8nshsed, 8ll of whom were ifema-
bianal payers with their resnective naticrs] teams. Finslly, since te
Firedinggs of this shudly esene fresm 11 high-level harafhall playears from
single beam, coition i achissd when gensralising from these msulls,
a5 ferent hoe braining Shrakagies in differnd beam Sport athizhes
right incuce differ=nt sdaptstions,

Practical applications
A strustursd herne-besed iraining programme based or body weight
ared low weight ecsrcises provides & sufficient slimulus to mainkain

Roger Font Ribas =t al.

jurten perarance (jurmping height], an indicator of lowes limb e
aikasive strenglh, in top-level handball aleyers. In contrast, the hare
Based brairing programime described did net susceed in gresendng
serchic Finess in the cobart wnder study Esslier imalemertatice of
ssrhit liless baiving shralegies mighl e helpad i the pressrvs.
ticn of players” endurance capacity, Hawever, since (he ks in sens-
bic fitress indicators was moderate (ES), & rapid recovery of pre
lachilerwn values iy be ipathed when plivers nelum b er-courl
sperl-ponestuaiized rsinivg regimes, Overall, the results of this sty
supparl exisling gereral recornmeeradalicns. on the briring apprasch
during COVID- 13 lockedown perieds [40].

L LS I P
In conchsion, g siruched home-based training programime during
thie COVID- 19 leckrierwn priserved ks imb explesive strength Bul
wis an insufficient stimulus b minlain endurance capacily in log-
level handbasll playess,
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Abstract: In today’s elite handball, coaching staff seek to know as much as possible about all the
details of their sport to gain an advantage by adapting their model of play or by looking for the
opponent’s weak points. Therefore, the aim of this study was to analyse which variables can influence
success in each phase of the match with polar coordinates. Observational methodology was used
to analyse success or failure within the nature of handball by means of an ad hoc observation
instrument designed and validated for this research. A total of 14 elite men’s handball matches from
the 2019-2020 season were analysed. The relationships between success and failure of all behaviours
were performed with polar coordinates. The results show that one of the keys to achieving victory in
matches is centred on a high level of success in the defensive phase that allows the team to recover
the ball and to be able to go on the counterattack to obtain a clear option for a goal. This research
allows us to see how we can achieve success in the different phases of the game and improve team
performance with these indicators. These results suggest that it is necessary for teams to train at a
high pace of play, linking the different phases of the game in order to recover the ball in the defensive
phase and attack in the shortest possible time against an unstructured defence to achieve success in
the match and the final victory.

Keywords: team sports; observational methodology; competition; performance indicators; key behaviour

1. Introduction

There is a lot of research that has shown that knowing what the players need to endure
on a conditional level in handball is key to improving performance [1-3] and, in turn,
preventing injuries [4].

In handball, these needs have also been described either through the video tracking [5],
hand notational analysis [6,7] or more modern technologies such as inertial measurement
unit technology (IMU’s) [1].

However, in order to improve team performance, it is also essential to know which
tactical actions are more effective or less effective depending on the model of play developed
by the team in the different phases of the game. There is a large body of research that has
analysed what happens during handball matches. Which offensive systems are used [8], the
differences in counterattack between seniors and young players same time, the effectiveness
of the attack against certain defensive systems have been observed [9,10]. Research has
also been carried out on the effectiveness of attack at critical moments in the game types of
last action happen [11].

At the defensive level, the effectiveness of the goalkeeper has been investigated [12]
assessing the interaction with teammates or the attacker/defender ratio [13], the relevance

Sustainability 2022, 14, 15542. https://doi.org/10.3390/5u142315542
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of defensive actions in the functioning of the team has been analysed [14,15] or the effect of
fouls within the defensive phase and analysed their effectiveness [16].

Other research has focused on looking at offensive and defensive coefficients in
different phases of the game [15], determining performance indicators to predict a match
win [17], analysing the game according to the state of the score [15,18,19], assessing the
influence of symmetry /asymmetry on the number of players on the game [20,21], and
finding indicators of success or failure in the different phases of the game [17]. Success or
failure has always been understood as being linked in the offensive phases to scoring goals
and not interrupting the rhythm of the game, and in the defensive phases, the opposite:
not conceding a goal, recovering the ball and cutting the rhythm of the attacking play [8].

All this research has been based on observational methodology, a technique widely
used and validated in the world of sport for this type of analysis [22]. This methodology
is developed in the usual context of sport. It is an ecological technique [23] that does not
change the usual behaviour of players and unites science and practical application [24].
The aim is to analyse perceptible behaviours in order to be able to record, in an organised
way, what happens through an instrument containing the appropriate parameters created
ad hoc [25]. The different tools created by these investigations have analysed criteria in
defence, attack, and counterattack; the sequence, the score, and the numerical situation of
the players; and the area where the action takes place, or, the final result of the action, be it
offensive or defensive [8,9,17,23,25,26].

Within the observational methodology, a technique widely used in the field of sport is
the analysis of polar coordinates [27]. This technique was created by Sackett [28] and subse-
quently improved with the “genuine technique” of Anguera [29]. Its great usefulness is that
it allows a significant reduction in the volume of data and a vector representation of the
relationships established between the focal and conditional categories [30]. This technique
offers us the possibility of estimating the type of relationships established between the
focal behaviour or criterion and the rest of those that make up the taxonomic system [31].
The coordinate axis is divided into four quadrants. Depending on the quadrant where the
categories are located, there will be a relationship with respect to the focal behaviour of
activation or inhibition to the extent that this relationship exists [31].

This technique has been used in handball for the following applications: observing the
effectiveness in the attacking phase [8] and in close matches [23], learning how different
defensive systems are attacked [9], identifying differences in counterattack between seniors
and young players [26], and observing the numerical ratio of players in attack and its
tactical modification [32].

The aim of this study is to identify which variables influence success or failure in the
different phases of the game in an elite handball team with polar coordinates. For this
reason, the multiple variables that intervene in the game and in each phase have been
evaluated, considering the game model of the team analysed and how the other teams
play. Knowing how we can achieve success in the different phases of the game and which
variables determine performance should help the different technical staff to increase the
work on these variables in training to obtain certain advantages over the rival team in order
to win the game and improve performance.

2. Materials and Methods
2.1. Design

An observational methodology was used because it is adapted to the reality of sport,
capturing the nature of sport with an ad hoc instrument and being able to obtain a system-
atic analysis [22,23]. It is a methodology widely used in sport analysis [20,24,27].

The design used was defined as nomothetic, punctual, and multidimensional, and
placed in the IV quadrant of observational designs [33]. It is nomothetic, due to the analysis
of the plurality of the observed teams facing each other; punctual, as we analyse different
matches of the same team together in a season; and multidimensional, as there are different
dimensions that correspond to the different criteria of the observational instrument. All
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the phases that make up a handball match were analysed: attack, counterattack, transition
defence, and defence.

2.2. Sample

We analysed 14 FC Barcelona handball matches during the 2019-2020 season between
the Spanish League and the European Champions League played at home (Table 1). We
analysed FC Barcelona and the behaviour of their opponents when they played against
them. In the 14 matches, the play of a total of 23 FC Barcelona players was analysed. These
players played the entire season without an injury period in any of them that prevented
them from being fit to play in 80% of the matches. It should be noted that the team
played 39 games during the season, winning 38 and losing only 1, being a clear winning
team. The videos used were publicly accessible, so according to the Belmont Report
(https:/ /student.societyforscience.org/human-participants, accessed on 19 Novembre
2022), it is not necessary to obtain the informed consent of the players [24]. Home matches
were chosen because they were easier to obtain and of better quality than away matches as
they were obtained directly from the TV production team.

Table 1. FC Barcelona matches played, competition and goal difference.

Game Competition Goal Difference
Anaitasuna Spanish League +17
Huesca Spanish League +23
Granollers Spanish League +14
Sagunto Spanish League +21
Cangas Spanish League +21
Sinfin Spanish League +24
Valladolid Spanish League +15
Celje European Champions League +24
Elverum European Champions League +9
Paris European Champions League +4
Aalborg European Champions League +9
Flensburg European Champions League +4
Zagreb European Champions League +9
Szeged European Champions League +2

The Belmont Report describes basic ethical principles and guidelines regarding ethical
issues in human research. In addition, this study does not require a review by a research
ethics committee, nor does it require written informed consent for the following reasons:
(a) it involves observation of individuals in public places (sports hall); (b) the individuals or
groups observed have no reasonable expectation of privacy; (c) it does not involve staged
researcher intervention or direct interaction with individuals.

2.3. Instruments

In order to carry out the research, an ad hoc observation instrument was constructed
to analyse all variables that can occur in all phases of a handball match (Table 2). All
categories fulfilled the requirement of completeness and mutual exclusivity [22,26].

The different criteria observed were:

Criterion Competition: Type of competition belongs to the observed match.

Criterion Observed Team: Team that in the observed moment realizes the phase.
Criterion Phases of the Game: Different game sequences that we can differentiate with
the alternation of possession of the ball by a team.

Criterion Number of Players: Relation of number of attackers and number of defenders
in the observed situation.

Criterion Score: Difference in goals between the two teams.

Criterion Sequences: Number of attempts within the same phase of possession or recovery
of the ball resulting from an interruption in the game.
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Criterion Defence: Team structure observed in the organized defence phase.

Criterion Attack: Team structure observed in the system attack phase.

Criterion Rival Defence: Structure of the rival team in the organized defence phase.
Criterion Rival Attack: Structure of the rival team in the system attack phase.

Criterion Passive Play: Tendency of the attacking team to retain possession of the ball
without attacking or throwing at goal.

Criterion Player: Which player performs the observed action.

Criterion Zone: Delimitation of six zones of the playing field where the different actions of
the game are developed.

Criterion Intermediate Results: Situation that represents an interruption in the game, the
teams continue within the same phase and there is no alternation in possession of the ball.
Criterion Final Result: Different game actions that involve the change in possession of
the ball.

Criterion Disciplinary Action: Sanction on unsportsmanlike conduct on any of the com-
ponents of the team observed.

Criterion Rival Disciplinary Action: Sanction on unsportsmanlike conduct on any of the
components of the rival team.

The different categories are described in Table 2.

2.4. Data Quality Control

This tool, TAHSUFAIL for the identification of success or failure, was validated by
a group of 13 experts. All of them have a degree in sports science and a minimum of
experience as handball coaches in first division teams in different countries. The instrument
was validated through the analysis of the Aiken V coefficient [34] between the experts’
ratings of the different categories determined 0.99 for belonging, 0.97 for clarity, and 0.98
for total.

Table 2. Observation instrument for the games: Tactical analysis handball success-failure (TAHSUFAIL).

Criteria Categories Description Criteria Categories Description
ASO Spanish League D60R Defence 6:0 Rival
Competition
CHA Champions League D51R Defence 5:1 Rival
TA Team A D42R Defence 4:2 Rival
T .
am 8 Team B Rival Defence  pa3g Defence 3:3 Rival
AT Attack MDR Mixed Defence Rival
CA Counterattack MDDR Mixed Double Defence Rival
Phases game
DF Defence IDR Individual Defence Rival
D Transition Defence UDR Unstructured Defence Rival
EQ Equals ODR Other Defence Rival
INF1 1 player less without Gk ACWAR  Circulate Wing Rival
INF2 1 player less with Gk AWDPR  Double Pivot Wing Rival
INE3 2 players less without Gk Rival Attack ABDPR Double Pivot Back Rival
Number of players
SUP 1 1 more player (other no Gk) A24R Attack 2:4 with 2 Pivots Rival
SUP 2 1 more player (other Gk) A33RPI Attack 3:3 with 2 Pivots
SUP 3 2 more player (other no Gk) A33R Attack 3:3 Rival
ONS Other numerical situations OAR Other Attacks Rival
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Table 2. Cont.
Criteria Categories Description Criteria Categories Description
w1l +1 Passive play PP Passive Notice
w2 +2 Player Number  Player’s Number
w3 +3 z1 ]
(] i |
w4 +4 72
WPLUS4 >+4 Z3 8
Zone
Score DR Draw Z4 )
L1 -1 z5
L2 -2 76
13 _3 BI Block bl:lt No Change
Possession
L4 —4 F Foul No Change Possessions
LPLUS4  >—4 Intermediate  TI E‘“’w Tt o € inge
'ossession
Result
S1 Sequence 1 TO Time Out
s Sequence 2 INTO I.ntercePuon but No Change
Possession
Sequences S3 Sequence 3 7m Penalty
54 Sequence 4 GL Goal
Throw and Change
S5 Sequence 5 TR Possession
S6 Sequence 6 ST Goalkeeper Save the Ball
Final Result TF Foul and Change Possession
INTIN Interception of the Ball
BO Block and Change Possession
PAS Passive _and Change
Possession
D60 Defence 6:0 2M Player 2 min Qut
D51 Defence 5:1 Disciplinary YC Yellow Card
D42 Defence 4:2 Action RC Red Card
D33 Defence 3:3 BC Blue Card
Defence MD Mixed Defence 2MR Player 2 min Out Rival
MDD Mixed Double Defence Rival YCR Yellow Card Rival
D Individual Defence oo Ry wew Red Card Rival
uD Unstructured Defence BCR Blue Card Rival
oD Other Defence
ACWA Circulate Wing
AWDP Double Pivot Wing
ABDP Double Pivot Back
Attack A24 Attack 2:4 with 2 Pivots
A33P1 Attack 3:3 with 2 Pivots
A33 Attack 3:3
OA Other Attacks
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The observation of the matches was carried out by four observers, graduates in sports
science and physical trainers with 10 years of experience in handball. After a period of
observer training with the TAHSUFAIL observation instrument and the use of the software,
the reliability of the observers was analysed through intra-observer and inter-observer
concordance tests. Table 3 shows the different statistics that were used for the validation of
the intra-observer and inter-observer tool: Cohen’s Kappa [35], Fleiss’ Kappa [36] and Iota
Coefficient [37]. All the results obtained demonstrated reliability of the observers.

Table 3. Intra- and inter-observer agreement.

Coefficient for Entire Session Intra-Observer Agreement  Inter-Observer Agreement
Cohen’s Kappa 0.98 0.97
Fleiss’ Alpha 0.98 0.97
Iota Coefficient 0.98 0.97

2.5. Matches’ Analysis

Once the tool was created and validated, all matches were analysed with the free
software LINCE PLUS [38]. A previous version of this software has been used in various
research projects in the field of handball with observational methodology [23]. All the
observation criteria and instruments were entered into the software. At the end of the
analysis of all observed matches, we obtained a total of 2581 sequences. For each match, a
coded record of all data was exported in Excel format.

Once the match data had been obtained, the Hoisan programme was used [39] for
coding and subsequent analysis with polar coordinates and the representation [40].

2.6. Generalisability Analysis

A generalisability analysis [41] was performed using the SAGT software, version 1.0 [42]
(see Table 4). Following the habitual attack system of Miranda et al. [43], two measurement
plans have been carried out to address: (A) the generalisability of the results obtained
(number of plays that make up the sample) and (B) the validity of the observation in-
strument: (a) the generalisability coefficient (relative and absolute = 0.998) corresponding
to the measurement plan [Categories]/[Plays] establishes that with the number of plays
analysed a high reliability of generalisation accuracy is obtained; (b) with respect to the
[Plays]/[Categories] measurement plan, the generalisability coefficient (relative and abso-
lute = 0.000), supports—in the theoretical framework of the generalisability theory—the
validity of the observation instrument designed [44].

Table 4. Results corresponding to the Generalisability design [Categories] [Plays].

Sources of Variation Sum of Squares Degree of Freedom Mean Square % Variance Standard Error
[PLAYS] 12.838 1667 0.008 0 0
[CATEGORIES] 3842.188 68 56.503 27.616 0.006
[PLAYS][CATEGORIES] 10,048.711 113.356 0.089 72.384 0

2.7. Procedures: Polar Coordinate Analysis

In order to find the most significant variables in the different phases of the game, the
polar coordinates technique was used to reduce the large volume of data obtained [27].
This technique is based on a sequential analysis of prospective and retrospective lags of
the data obtained [28,29] and enables us to observe the relationships that exist between the
behaviours that make up the taxonomic system we have created [27]. From this analysis, we
obtained contrast statistics, Zsum (Zsum = X£z//n, where n is the number of delays) [45]
with delay ranges from —5 to +5.

Once we had the results, we made a graphical representation of the relationships
found between the focal and conditioned categories at the vector level [30]. The length of
the vector is the distance between the origin of coordinates Zsum (0,0) and the intersection
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point (Zsum value of the focal behaviour on the X-axis and Zsum value of the conditioned
behaviour on the Y-axis). Relationships are considered significant (p < 0.05) when the
lengths are greater than 1.96 [46]. This value is obtained with the square root of the sum of
the square of the Zsum of X (prospective) and the square of the Zsum of Y (retrospective).
In addition, the angle of the vector (¢ = Arc sine of Y/Radius) determines the nature of the
relationship [27].

The characteristics of each quadrant of the polar coordinates are [27] (Figure 1):

90

7 QUADRANT I [++]:
Focal behaviour has a
—+—_ relationship to conditioned
behaviour of symmetrical
prospective and
retrospective activation

retrospective activation. '
T TTTTITTTIT T T BEHAVIOUR (T TTTTTTTTTTTATTR Y
180 , 0

QUADRANT I [ 1 QUADRANT IV [+-]:
Focal behaviour has a\:_/Focal behaviour has an
relationship to conditioned asymmetrical relationship to
behaviour of symmetrical the conditioned behaviour of
prospective and ——— prospective activation and
retrospective inhibition. ! retrospective inhibition

1270

QUADRANT II  [—+):
Focal behaviour has an
asymmetrical relationship to — |
the conditioned behaviour of !

prospective inhibition and /r\

Figure 1. Characteristics of each quadrant of the polar coordinates.

The focal behaviours used were SUCCESS and FAILURE and were related to the
other criteria.

All the categories observed through the observation tool should explain how we can
achieve success or failure in the different phases of the game through this polar coordinate
analysis. If we analyse only success, we considered that, at the defensive level, all criteria
that entailed a disruption of the opposing team’s attacking play or the recovery of the ball
and possession were understood as success. On the offensive level, anything that was
finishing an attack with a goal or achieving numerical superiority for the team was also
considered a success. In terms of failure in the offensive phase, any interruption of play
by the opposing team or loss of possession for various reasons was considered a failure.
In the defensive phase, everything that led to conceding a goal or suffering a numerical
inferiority in the number of players was also analysed as a failure.

3. Results

The analysis of the data with the polar coordinate’s technique gave us a behavioural
map of the focal behaviours, SUCCESS and FAILURE, with the other behaviours of the
observation tool in the different quadrants (Table 5).

Quadrant I (Prospective and retrospective activation):

In QuadrantI, where the relationship between the behaviours is one of mutual prospec-
tive and retrospective activation, all the categories that relate to the focal behaviour mean
that the more times they are performed during the match, the more they stimulate this
success and vice versa; there is a double activation.

With the results obtained in the behaviour SUCCESS (Figure 2), this is related to the
6:0 defensive system (9.49) itself and, in turn, to the defensive phase (9.53). There is also
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a relationship with the opposing team’s attack when they attack with a circulation of the
team’s wing (2.18), attack with a double pivot by a wing (5.38) and attack with a double
pivot by a back (2.68). There is also a relationship with the counterattack phase (5.86),
Zone 1 finishing (2.58), sequence 1 (2.51), interception and recovery of the ball (2.20) and
defensive blocking and change of possession (2.10).

Table 5. Significant relationships found with the focal behaviours SUCCESS and FAILURE.

Celterion SUCCESS FAILURE
Behaviour
Q Paring Behaviour Vector Module  T-Angle Paring Behaviour Vector Module T-Angle
Defence 60 9.49 497 Circulate Wing 2.84 77.53
Circulate Wing Rival 2.18 31.25 Double Pivot Wing 6.01 322
LR 5.38 271  Defence 51 Rival 224 3381
; RD;:,‘;?I‘* Frepeback 2.68 1412 Other Defence Rival 3.39 1956
Defence 9.53 0.75 Defence 51 2.10 70.51
Counterattack 5.86 13.27 Other Defence 3.88 66.62
Zone 1 2.58 11.44 Unstructured Defence 7.70 20.18
Sequence 1 251 21.23 Transition Defence 9.02 18.32
Interception of the Ball 220 9.71 Zone 2 2.03 85.57
Block ax:nd Change 210 6327 Throw l?ut No Change 198 6261
Possession Possession
Sequence 2 227 55.12
Attack 33 11.26 179.05  Attack 33 Rival 5.08 177.89
Defence 60 Rival 10.60 176.70  Defence 9.79 178.68
11 Attack 13.24 179.57 g;?lkeepe' Saye e 218 166.99
Zone 4 3.26 144.47
Sequence 3 225 156.04
Penalty 3.92 145.98
Circulate Wing 3.18 253.38 Defence 60 9.82 183.29
Double Pivot Wing 6.41 18230  Circulate Wing Rival 240 207.88
Other Defence Rival 352 238.07 gi‘:,‘fl’le Pivot Wing 6.07 181.81
1 Other Defence 107 24771 g&‘;’l’le FivonBack 220 185.79
Unstructured Defence 753 20326  Counterattack 5.42 195.70
Transition Defence 8.67 200.57 Zone 1 224 196.18
Zone 2 2:11 260.82  Zone5 2.46 247.55
Sequence 2 2.39 22436
Throw No Change 207 23926
Possession
Attack 33 Rival 5.29 359.63  Attack 33 11.06 359.06
g:lflkeepe' Saye s 252 33493  Other Attacks 1.99 331.99
I\Y Defence 60 Rival 10.23 356.09
Attack 12.75 358.45
Zone 4 354 326.95
Penalty 3.97 330.89
Interception of Ball 2.28 194.42
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Figure 2. Vector maps for local behaviour SUCCESS. I: Quadrant I; II: Quadrant II, III: Quadrant III;
IV: Quadrant IV.

When analysing the focal behaviour FAILURE (Figure 3) in Quadrant I, there is a
relationship with the circulation of the wing (2.84) and the transformation of a wing to a
pivot (6.0). At the defensive level, there are relationships with the 5:1 defensive system, of
the observed team (2.10) and the opponent’s (2.24), other defences of the observed team
(3.88) and opponent’s (3.39), and unstructured defence (7.70). There is also a relationship
with transition defence (9.02), Zone 2 (2.03), the throw-in without change of possession
(1.98), and sequence 2 (2.27).

n v n v

Figure 3. Vector maps for local behaviour FAILURE. I: Quadrant I; II: Quadrant II, III: Quadrant III;
IV: Quadrant IV.

Quadrant II (Prospective inhibition and retrospective activation):

In Quadrant II, where there is prospective inhibition and retrospective activation, the
relationships with the successful focal cease to have positive activation as the match progresses.
This is probably due to an adaptation of the opposing team to the situations presented.

In this quadrant, there are relationships with the focal behaviour success with the
attack phase (13.24), the own attack with the 3:3 system (11.26), and the opposing defence
with the 6:0 system (10.60). We also found relationships with Zone 4 of completion (3.26),
sequence 3 (2.25) and the penalty action (3.92).

If we look for the relationship with focal behaviour failure, we see that there are
relationships with the opposing 3:3 offensive system (5.08), the own defence phase (9.79)
and the goalkeeper’s save (2.18).
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Quadrant III (Prospective and retrospective inhibition):

In Quadrant III, the existing relationship is one of mutual inhibition. The behaviours
analysed in this quadrant indicate that we did not achieve any benefit at any time during
the match, so we could consider their usefulness.

The relationships we found with the focal behaviour success were circulation of a
wing (3.18) and attack with a wing as a double pivot (6.41). At the defensive level, we
observed a relationship with other defences (4.07), unstructured defence (7.53) and other
defences by the opposing team (3.52). There was also a relationship with transition defence
(8.67), Zone 2 (2.11), sequence 2 (2.39) and the throw-in without change of possession (2.07).

The relationships we found with the focal behaviour failure were inhibition in the 6:0
defensive system (9.82), the circulation of a wing (2.40), the double pivot attack by a wing
(6.07) and the double pivot attack by a back (2.20) all by the opposing team. There is also a
relationship in the counterattack phase (5.42), Zone 1 (2.24) and Zone 5 (2.46) finishing.

Quadrant IV (Prospective activation and retrospective inhibition):

In Quadrant IV, there is an asymmetrical relationship between prospective activation
and retrospective inhibition behaviours. As the analysed category is realised, it becomes
more effective in relation to the focal behaviour.

Regarding focal behaviour success, there is a relationship with the rival attack with
the 3:3 system (5.29) and with the goalkeeper’s save (2.52).

If we analyse the focal behaviour failure, can be observe relationships with the attack
phase (12.75), the 3:3 offensive system (11.06) and other attacks (1.99). Additionally, with
the opposing 6:0 defensive system (10.23), the finishing Zone 4 (3.54), the penalty action
(3.97) and the interception and recovery of the ball (2.28).

4. Discussion

The aim of this study was to analyse the variables that influence success or fail-
ure in the different phases of the game in a season in an elite men’s handball competi-
tion with polar coordinates. This analysis technique is novel for analysing all the vari-
ables that assess the performance of an elite men’s handball team. There is research that
has analysed with the same technique the performance of different factors at national
team level in handball [8,23,32]. This technique has also been used in other sports with
two other analysis techniques (T-Patterns and sequential analysis) to analyse fencing [46].
In basketball, this polar coordinates technique has also been used both in the analysis of
the game [47] and in the analysis of coaches’ responses [48].

In our research, on an offensive level, both in the positional attack phase and in the
counterattack phase, success was understood as all actions that ended with a goal or where
an advantage was achieved for the attacking team such as a disciplinary sanction of the
opponent (yellow card, exclusion, or disqualification) or a clear action of completion such
as a penalty. Failure was defined as any action where a shot was missed, either by a save
by the goalkeeper or by throwing it wide, any defensive action that stopped the rhythm of
play of the attack (foul), or the loss of the ball due to an opponent’s interception or an own
loss in a pass, for example.

To evaluate success in the defensive and transition defence phase, we defined it as any
action that managed to recover the ball either by intercepting it, by a save or by a block. We
also consider within success any action that stopped the rhythm of play of the rival attack
(foul). All actions where a goal was conceded, a defensive player was penalised, or a clear
penalty was awarded were defined as a failure.

In our search for references, we have not found any research where a regular season of
an elite men’s team is analysed in the different phases of the game through polar coordinates.
From this analysis we have tried to find out which are the behavioural patterns that lead us
to achieve our goals in the different moments of the game and the relationships with the
different criteria of the game.
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4.1. Defence

The observed team obtained a strong relationship in this phase with the focal behaviour
success. The defence and, more specifically, the defensive system 6:0, were located in
Quadrant I, demonstrating this mutual excitation between the two behaviours, confirming
the behavioural relationship in Quadrant III with the focal behaviour failure. The system
6:0 was the most used in most of the team’s games, data that have also been demonstrated
in other research [8,9]. In turn, when the opposing team tried to overcome the defence with
tactical actions common in handball such as the circulation of the wing, the transformation
to double pivot by a wing or a first line, the defence was able to counter them efficiently.
These data are also confirmed by the relationships obtained with the failure behaviour and
the data from Quadrant IIL. In other research, they observed that attacks with transformation
were more effective than those without [20]. This could be argued from our results due
to an evolution of the current game, being more direct, with more possessions and faster
actions that do not slow down the game as much [19]. If we analyse another habitual attack
system, the attack 33 rival behaviour [9], we see that its location was found in Quadrant
III in the success behaviour and in Quadrant II in the failure behaviour, indicating that,
surely, as the minutes of the games progressed, the defensive system adapted better to this
structured attack system, managing to counteract it and stimulate defensive success on the
part of the team observed.

Different conditioned behaviours supported team success in this phase such as inter-
ception and block and their location in the first quadrant. Other research also showed that
defensive performance was one of the indicators to adequately predict victory in a match
at the men’s national team [17] or club level [15].

When analysing the pace of play of the opponent’s attack, it was observed that in
Sequence 1, the team was able to stop the opposing team effectively, and also in Sequence 3,
although it was losing its relationship with success as the match progressed. This rela-
tionship was also observed in different studies where the winning team made moves,
forcing the opposing team to find worse finishing situations or areas [8,23]. However, other
research also showed that stopping the attacking pace of the opposing team with successive
fouls did not improve the success of the defence [16]. On the contrary, we were also able to
observe that as the minutes progressed in the matches, more penalty actions were conceded,
being a clear option of completion by the attacking team, bringing us closer to the focal
failure behaviour.

The analysis has shown an important part of the success of a defensive system is
related to the performance of the goalkeeper [12]. The data obtained showed that as the
goalkeeper’s performance improved, his relationship with success behaviour increased
and decreased with failure behaviour. There is other research that supports these results,
showing that the winning teams were those that achieved a greater number of saves by
their goalkeepers [12,15], also demonstrated that the losing teams made more shots from
areas far from the goal, being easier for the goalkeeper [15,23]. It was also observed that
the goalkeeper’s performance plays a decisive role in the final result [14], combined with
adequate offensive efficiency [12].

The team was found to be more solid in its main defensive system, a formed and
structured defence as when, for circumstances, it performed other defence or unstructured
defence, the tendency was towards failure (Quadrant I), as demonstrated in other research
where attacks were more successful in front of unorganised defences [10].

4.2, Counterattack

The fact that at the defensive level, the team observed had a significant relationship
with success behaviour, influenced the relationships in this phase. Various studies have
shown that good defensive efficiency leads to an increase in the number of counterattacks
and a clear opportunity to shoot. This phase can start with ball stealing [11,17], a good
performance by the goalkeeper [12,15] or a good relationship between defensive efficiency
and the goalkeeper [26].
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If we look at the relationship between the focal success behaviour and the conditioned
behaviours counterattack and Sequence 1, we can deduce that the team analysed obtained
a high performance in this phase, and that their game, linked to the previous phase,
promoted trying to finish more actions in this phase than in the static attack. These findings
follow the same line as other research that showed that counterattacking is commonly
performed in Sequence 1 [8] and is often more successful than structured attacking as it
is attacked against unstructured defences [10]. Other research showed that the difference
between winning and losing teams was the goals scored in this phase [10]. Looking at the
results obtained by the team in Table 1, it could be said that the observed team was clearly
a winner.

The reason that the game model deduced from the team was based on an efficient
defence that allowed for easier finishing options in the counterattack phase is surely due to
the direct relationship of this phase with success in the match demonstrated in multiple
investigations [10,14,17], but also with a direct relationship with success in the defensive
phase [15]. To confirm this argument, the data obtained with focal failure behaviour and
this phase also reaffirm this assumption.

4.3. Attack

The results obtained in the research confirm those found in other research. They also
showed that winning teams were characterised by fast attacks and not by the prolonged
and interrupted attacks more typical of losing teams [10]. In order to cut the pace of the
game and increase the sequences, opposing defences tried to stop actions in Zone 2, the
zone where the attack is created and where many free hits are usually produced. They also
tried to lengthen the sequences so that they did not shoot easily in order to increase the
error (Interception of Ball) [17,23]. Even so, it was not enough to slow down the attack of
the team observed by looking at the results obtained in the matches analysed (Table 1).

It can also be observed that the team was losing effectiveness in its offensive system 33,
the most used in other research [9], against the rival defence, making the attacking phase
approaching failure and moving away from success. This loss of activation with success
was probably caused by an adaptation of the opposing team’s defensive systems, by an
increase in turnovers, by the increase in fatigue as the game progressed on the part of the
attack or by the differences in the score, and the offensive relaxation on the part of the team
observed [49]. Another behaviour that confirms this tendency is Sequence 3, where as the
game progressed, it became less related to success. The attack tried to overcome the rival
structured defence with different tactical actions (circulate wing; wing to double pivot), but
their relationship was closer to the focal behaviour of failure rather than success. Even so,
the observed team’s attack was superior to the opposing defence in general in the static
phase, given the results obtained, confirming data from other research [15,17].

Where the team observed had the most problems was in attacking the opposing
team'’s defensive system 5:1 or other defensive systems. It is curious that, analysing this
data, the opposing teams did not use these systems to try to stop the team'’s offensive
success. This greater opposition of the defensive system 5:1 by the attack is in line with the
results obtained in other studies that obtained the same conclusions, being the system that
generated the most problems for the attack, but being an alternative, not being the main
defensive system, with a clear relationship with the score, being either very much in favour
or very much against. It seems that teams used this system as a desperate measure to stop
the opponent’s static attack as observed in other research [9].

4.4. Transition Defence

Being a team that achieved a high level of success in the offensive phase, especially
in the counterattacking phase, this phase probably did not occur too many times in the
different matches, or its transition defence forced the opposing team not to carry out a
large number of counterattacks. However, we must bear in mind that when this phase
did occur, it was usually not very well organised, and the opposing team was successful.
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This could lead us to believe that this phase should be improved as they are easy finishing
options for the opposing team as well as the counterattack of the team analysed. Having
demonstrated the effectiveness and importance of the counterattacking phase for success,
we can understand that this phase is associated more with failure, in any team, however
little happens, rather than success [10,14,17].

5. Conclusions

The analysis of success or failure in the different phases of the game in an elite men’s
handball match with polar coordinates suggests, as in other research, that one of the keys
is the defensive phase: not conceding goals and recovering the ball. The counterattack,
another key to obtaining clear goal scoring options, is also linked to recovering the ball.
Success in these two phases is key to winning matches and being a winning team. This
suggests that it is necessary to focus on training with a high pace of play, linking the different
phases of the game to achieve the objectives set for the match, recovering the ball, and
attacking with the shortest possible time in front of an unstructured defence. Itis essential to
know what the performance indicators are in order to improve the team’s results. Therefore,
it is necessary to train the different categories where there is an activation of success
throughout the game or in those that improve performance as the game progresses and
reduce failure with those that do not achieve success. One limitation we have encountered
is the lack of existing research on the transition defence phase. Conclusions could be drawn
in this phase by comparing what happens in the counterattack, but an in-depth analysis of
how to counteract the success of the counterattack should be developed in future research.
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1IN T RO D L T O N 5

In-season load monitoring is relevant in high-performance team sports
as this process gives critical information to the technical staff. This
information allows coaches to adapt the training contents, helping
players perform to the best of their abilities during games [1] with
reduced injury risk [2]. Despite this relevance, no studies, to the best
of our knowledge, have analysed the training demands in handball
as in other team sports such as football [31.

Previous studies in handball suggest that many factors affect the
playing demands during games. Thus, gender (women travelled high-
er total distance than men) [4, 5], playing level (amateur handball
players accumulated a lower total distance) [6], or age (adolescent

handball players showed lower levels of exercise intensity, in the

second half of matches) [7] have been reported in different pieces
of research. It is worth noting that many studies [5, 8] show that
playing positions modulate the game demands considerably because
tactical roles attributed to each playing position are very
specific [9, 10].

Thus, the external [5, 8, 11, 121 and internal load game de-
mands [13, 14]. For instance, pivots (PIV) travel lower total distanc-
es (3149 £ 639 m) [5], while wings perform the highest number of
sprints [8] and cover the highest high-speed running (HSR) distanc-
es (1229 + 129 4 m) [11] Playing position also influences internal
load substantially [13, 14]. Povoas et al. [15] found that back play-
ers and pivots had the highest average heart rate (HR) values and
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total game time at intensities > 80% HRmax. Therefore, and con-
sidering these previous results, monitoring game demands is rele-
vant. However, training sessions represent the most significant part
of the weekly training load (at least in volume), and we should ac-
curately monitor them. We hypothesize that training demands are
influenced mainly by playing positions, and these differences could
have substantial consequences in training load management [16]
and could explain injury rates [2]. Understanding these variations
may improve load management [16] and mitigate injury risks [2].
Optimizing training to prepare players for competition with specific
tasks also seems essential [17]

It is also worth noting that physical profiles differ between play-
ing positions [18, 191, also influencing training loads [201. Thus,
body dimensions are relevant as they can alter training load [21, 22].
These differences add disparity to the training response, making
training individualization necessary [18, 19].

Another aspect to consider is the management of training loads
to help players perform during games to the maximum of their abil-
ities. Many studies have shown that periodization is crucial for per-
formance [16] and injury prevention [2].

To be physically prepared for the match, players must train to de-
velop specific physical skills (e_g_, lower limb muscle power and abil-
ity to accelerate) in an optimal manner close to or superior to com-
petitive demands [17]. The knowledge of such game demands can
lead professionals to apply the approach “train as you play” [23];
however, despite its importance, there appears to be no study in
handball that provides this information. We do not know, for

Roger Font et al.

example, whether games offer the highest load of the microcycle. It
is paramount, then, to compare training and game demands. Train-
ing load management control is a crucial driver of performance in
a team sport [16] and a strategic advantage for the different coach-
ing staff [31.

The aims of this research are 1) to describe the internal and ex-
ternal training load differences between playing positions and 2) to
characterize the training demands to compete for every training day.
Therefore, we examined the differences in internal (RPE) and exter-
nal (using inertial measurement units (IMUs)) loading conceming
training days, playing positions, and competitive playing demands.
Qur findings should help coaches to design playing positions’ specif-
ic training content related to game demands.

MATERIALS AND METHODS |
Experimental approach to the problem

We conducted a cross-sectional, observational study to determine
the differences between playing positions during games and prac-
tices of a team playing in the second division of the Spanish handball
competition during the 2018-19 season. The reported results con-
sider the average values of 11 competitive home games and 25 weeks
of practice. There were usually four training sessions a week; the day
before the competition (match day; MD) was MD-1, two days before
the competition (MD-2), and so on until MD-5. The research data
emerged thanks to the daily monitoring of the players conducted in
training and competition; therefore, relevant approval of the ethics
committee was not required [24]. The study was conducted

TABLE 1. Physical characteristics of the players (mean = standard deviation).

Position Mean (n) Age (years) Body mass (kg) Height (cm)
Left wings (LW) 3 230=+00 785+35 176 0+00
Right wings (RW) 2 235+07 730+28 1790+14
Centre backs (CB) 3 240=x10 90.3+x9.3 1903+75
Left back (LB) 3 237+06 930+66 1923+35
Right back (RB) 2 23.0=+0.0 89.5+16.3 1945+92
Pivot (PIV) 2 295=x49 100578 1925+35

TABLE 2. Description of the objectives, contents and orientation of the volume and intensity related to the training days.

Static phase

Full court Training session

MD Aim Conditional work %) game (%) Volume Intensity time (min)
MD -5 Individual development Structural 80 20 Hokk b 879+82
MD -4 Individual development Structural 60 40 ExEE *x 975+157
MD -3 Tactical session Structural 60 40 e ek 950+114
MD -2 Match preparation Optimising b0 b0 i kel 90.1+115
MD -1 Match preparation Optimising 70 30 = it 86.4+85

Note: MD: match day.
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Training and game demands in professional handball players

following the ethical principles for biomedical research with human
beings, established in the Declaration of Helsinki of the World Med-
ical Association (updated in 2013), and the club’s managerial struc-
ture approved its implementation.

Subjects

Fifteen professional handball players participated in this study. Some
of the players were internationals with their national teams as they
were still in their formative stages. Players were grouped according
to their usual playing position during the competition (Table 1).

Sessions and games monitoring

The study was carried out using the WIMU PRO system (RealTrack
Systems SL, Almeria, Spain). Each device, whose dimensions were
81 x 45 x 16 mm (height/width/depth) and which weighed 70 g,

was fitted to the back of each player with an adjustable vest (Rasan,
Valencia, Spain).

In training, the recording was uninterrupted. During games, play-
ing time was only recorded when the players were on the court. The
time spent between player rotation, team time outs (TTO) (a maxi-
mum of three per team), periods when the game was interrupted,
and the disciplinary sanctions typical of handball, where players must
leave the court for two minutes, were omitted.

Table 2 describes the different training days’ main characteristics
(objectives, volume, duration, intensity, static or dynamic training).

Data processing

The positioning data record was monitored in real time and subse-
quently analysed using the SPRO software version 946-949 (SPRO,
RealTrack Systems, 2018). The system operates using triangulations

TABLE 3. Comparison of the mean value of each indicator related to training day and games. Direction of the arrow describe the
magnitude of the standardized difference, horizontal arrow stand for an effect size between 0.6 and -0.6, down arrow for an effect
size above 1.2, diagonal down arrow for an effect size between -0.6 and -1.2 and diagonal up for an effect size between 0.6 and

1.2.
cB LB LW PIV RB RW
Game 4562.7 9284 4699.5+974.2 4946.1 = 1051.0 4084.8 +1263.83 3872.0 £6233 5306.6 + 1422.2
E MD-1 N38619+6276 > 434756236 V382606547 > 35264+6239 > 388826639 ¥ 388236283
g MD-2 - 44570+10082 -> 473168718 N 42369 +7472 > 3665.6+597.7 > 4136.1+8818 N 43947 +897.5
g MD-3 - 4650.1+10127 > 47441+7309  ->45932+9284 - 39133+969.7 AMI31+9474 > 4828711829
g MD-4 =>50253+11972 -> 5154411844 > 49989+12128 > 414568195 74712911676 > 5060.4 +1286.4
MD-5 > 43445+6562 > 447666842 > 43499+8702 > 36783+8847 > 41876+7291 > 449286759
Game 208.9 +90.54 267.2+119.0 549.7 £186.2 22891399 179.9%79.2 668.4 +307.5
£ MD-1 N1119+848 N 1388826 V1517918 ¥ 842+69.1 N 1265849 V2128 +129.1
E MD -2 N 1079 +807 ¥ 1306 = 106.2 ¥ 2364 +1348 N 1075+713 N 1079+1188 ¥ 2731+1612
E MD-3 N 1467x1272 N 14281051 N2932+193.1 N 1069 +856 = 1458+ 1410 N 33882198
= MD-4 - 1669+1136 N 1423949 2989+ 1712 N 1219+922 = 14621001 N3134£1920
MD -5 ¥ 827+99.0 V611826 ¥ 167.5+2186 N 59.1£635 N742+890 V18122324
Game 67113 66=19 10x15 57%23 61x13 14x13
MD -1 N53+08 25609 N58+07 25609 2610 ¥55+09
g MD -2 2>64=11 2>69=11 2>62+14 766+08 26609 N66+11
é‘ MD -3 26613 A73+08 26913 A70+09 269+08 2>70x11
MD -4 >68=11 2>72x10 >68+14 7268=+09 > 68+12 2>71x14
MD -5 26514 2>71=x11 >73+12 A67x10 A70x08 269x14
Game 69.7+15.9 741x116 825%219 563189 60.1+101 89.9£30.2
s MD -1 N548+91 N61.1+93 ¥546+88 N444£92 N538+97 ¥ 586+111
3 MD -2 2636127 =2 659+106 N622+117 > 494+98 > 581118 N662+137
s MD-3 2677132 2 685+91 N699+143 2> 541+135 = 638+133 2> 757=159
g MD -4 2705147 > 731+164 > 789+223 = 555+131 =2 679165 = 804201
MD -5 2 632+83 64897 2> 714+144 =2 502+139 =2 610+109 N729+114

Note: MD: Match day; CB: Centre Backs; LB: Left Backs; LW-: Left Wings ; PIV: Pivots; RB: Right Backs; RW: Right Wings; RPE:

Rating of perceived exertion ; AU: Arbitray Units.
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between four antennas with patented ultra-wideband technology
(18 Hz sampling frequency) placed 5 m away from each one of the
corners of the court and at the height of 6 m. These units include
several sensors that record at different sampling frequencies. The
sampling frequency used for 3-axis accelerometer, gyroscope, and
magnetometer was 100 Hz and 120 kPa for the barometer [25, 261.

Total distance (TD, in metres) and high-speed running (HSR, dis-
tance covered in metres above 18.1 kph) [5, 7] were extracted from
the root data reported by the system using SPRO software. The play-
er load (PL; arbitrary units, au) was calculated as the square root of
the sum of the squared instantaneous rates of change in accelera-
tion in each of the three planes divided by 100 in absolute [27].

Internal load (IL) data were obtained through the RPE-based
method (arbitrary units, au) [28, 291 at 10-30 minutes following
every handball training session and game.

The recording of all training sessions and games resulted in
1033 individual records for the external load and 1008 files for the
internal load.

Roger Font et al.

Statistical analysis
Data in the text and figures are presented as means with standard
deviation (SD). All data were first log-transformed to avoid bias aris-
ing from non-uniformity errors. Standardized differences in the mean
(Cohen's effect size) were calculated to compare external and inter-
nal load between and within the different playing positions during
games and training sessions. Effect size comparisons were rated
using the Hopkins scale: 0.2 (small), 0.6 (moderate), 1.2 (large),
2.0 (very large) [30]. The 90% confidence interval was also calcu-
lated for each effect size. Considering the high number of comparisons,
the results were not analysed when the lower limit of the effect size
was below 0.6. The percentage of game demands for each variable
was also calculated following this formula:

Statistical analyses were performed using RStudio (v1.3) and the
Esvis package (v0.3.1).

Total Distance

o w3

A ws

liiﬂlig

HSR Distance
B nos o wos [°r ot G 2

FIG. 1. Comparison between playing position related to game day and total distance (A), high-speed running distance (B), player
load (C), and rate of perceived exertion (D). Bar graphs represent the mean and standard deviation for each playing position related
to game day. Coloured dots stand for individual value within the playing position and game day. The thickness of the lines represents
the magnitude of the difference (effect size): mm very large difference; === large difference; — moderate difference. The magnitude
of the difference of the within playing position is represented by & when it is large very large, * when it is large and # when it is
moderate. Only effect sizes with a lower limit above 0.6 are shown.
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L LT
Table 3 summarizes each variable's mean value and standard de-
viation for playing positions and game day Figure 1 shows total
distance (TD), high-speed running distance (HSR), player load (PL),
and rating of perceived exertion for each day of training, for each
playing position, and for each player

Game demands

During games, right backs (RB) travelled (4187 6 + 7291 m) large-
ly to very largely less TD (ES range from 1 8 to 2) than the other
playing positions (left backs (LB): 4476.6 +684.2 m, RB:
4187 6+7291m,CB-43444+656 1 m,IW-43498+8702 m,
RW: 4492 8 + 675.8 m) except when they were compared to PIV
(PIV- 3678.2 + 884 6 m). Wing players (RW- 668.4 + 307.5 m,
LW: 549.6 + 186.2 m) cover very largely more HSR distance
(ES range from 2.3 to 3.3) during games when compared to the
other playing positions (LB: 267.2 £119m, PIV- 2289+ 139.9m,
CB: 208.92 +90.5 m, RB: 179.9 +79.2 m). During games, RB
(60.1 =1 au) and PIV 56.3 = 2 au) reported up to very largely less
value (for RB, ES vs. LW = 2.3, vs. RW = 2.1, vs. LB and for RB
vs. LW ES = 2.3, vs. RW = 2.03) than the other playing positions
(range from 69.7 £ 15 au for CB to 90+ 30.2 au for RW). They
were no substantial differences in the RPE.

Training sessions

Total distance

PIV travelled moderately to largely less distance (ES range from 1 2 to
1.6)in MD-5, MD-2, MD-1 (3678 3 + 884 7 m, 3665 5+ 597 6 m,
3526.4+ 624 .0 m) when compared to LB (4476 6 +684 2 m,
47316 +871.7 m, 4347 5+ 623 _6 m, respectively).

High-speed running

In MD-4, MD-3, and MD-2, the HSR distance travelled by PIV (MD-
4:3928+1289m,MD-3:106.9+856m,MD-2:1075+71.2m)
was largely to very largely lower (ES ranged from 1.3 to 2) than by
wing players (MD-4, LW: 2989+ 1712 m, RW- 313.4£192 m,
MD-3: LW: 293.2+193.1 m, RW- 338.79+219.8 m, MD-2:
236.4+1348m,RW-273.1+161.2 m).

Player load

PIV showed the lowest PL value, up to largely less (ES ranged from
1.2 to 2.07) in all the training sessions and games (in MD-5:
50.2+139au,in MD-4:555+132 au, in MD-3: 54 + 13 5 au,
in MD-2: 49.4+9.8 au, in MD-1: 44 4 +9.2 au). Wing players
produced up to very largely higher PL (ES ranging from 1 5 to 1 8)
demands in MD-5 (RW: 729+ 114 au, LW- 71.4+14 3 au),
MD-4 (RW: 80.4 + 20.1 au, LW- 78.8+22 3 au), MD-3 (RW:
75 7+159 au, IW- 699+ 14 3 au).

LB showed the highest PL value in MD-1 (61.1 £9.3 au vs.
44 4+9 1 au for PIV, LB vs_ PIV, ES = 2 03).

Rating of perceived exertion

Like in matches, there were no substantial differences in the RPE,
with values ranging from 572 +2 32 aufor PIVto 7 43+ 1 34 au
for RW.

Guarmes vs. training

Within playing position differences

PIV showed moderate to large within-playing-position differences
during games in TD (4951 .1+ 10476 mvs. 32184 +779.7 m,
ES=197),HSR(3436+842mand 1142 +703m,ES=191),
PL(68.7 =15.5auvs. 44 +13.2 au, ES = 1.77). There were mod-
erate to very large differences (ES 1.44 to 2 .06) for LB during games
inTD (4161 +657 5mvs. 5400.3+980.5m),in PL(87.2+158au
vs. 75.3+109 au) and RPE (7.7+1 auvs. 5.6 =1.1 au). There
were large to very large within-playing-position differences in HSR
distance travelled by LB (306.2 =355.1 mvs. 83.1+162.3 m).

PIV also showed some individual differences (ES = 1.84) in the
PLinMD-5(62.8+13 8auvs.43.8+9.2au), MD-4(63.0+10.2au
vs. 51 +13 au), MD-3 (62.6 +10.9 vs. 44 2 + 8.4 au),
MD-2 (55.9+9 auvs. 43.5+6 au).

Figure 2 shows the coefficient of variation for all the metrics in
each playing position for the different training days. HSR distance
showed a higher variation (77.3% to 87.9%). When considering
playing position and training days, HSR distance in MD-5 had the
highest percentage of variation (107% for PIV to 135% for LB,
123.5+9.8%). Games were the sessions with the lower CV (33.9%
for LW to 61 1%, 45 5+ 8 8%) for HSR_

Figure 3 illustrates the difference between playing positions ex-
pressed in the percentage of variation related to the mean game de-
mands in the different variables. LB and RB showed a moderately
to largely higher percentage of mean game demands in MD-1 when
compared to wing players in TD (LB: -7.5+ 13 3%, RB:
041 +17 15%,IW--22 6+ 13 2%, RW--26 8+ 11 8%; ES from
1.14 to 1.81), in PL (LB: -17.4 +12 5%, RB: -10.5+ 16%, LW-
-33.8+10.6%, RW- -349+12 3% and ES from 1.38 to 1.71).

PIV showed up to largely higher percentage of mean game de-
mands in RPE value in all training sessions (MD-5: 17.3+17.6%,
MD-4:19.4+16.1%, MD-3:22 9+ 16.8%, MD-2: 15.3+ 14 2%,
MD-1: -3 £ 15.5%, ES from 1.26 to 1.83) when compared to the
other players (MD-1: from -15.6 £ 13.8% to -26.2 + 12.5%, MD-
2:range-11+14%t0 819+ 13.9%, MD-3: 15+13.3%, MD-4:
-46+1851t011.4+19.9%,MD-5:-3.3+20%t0o15.5+12.6%).

RB followed the same pattern in MD-5, MD-3, MD-2, and
MD-1 (ESfrom 1.14to 1 68). RB (29.7 + 47 17%) reached a mod-
erately to large higher percentage of mean game demands in high-
speed running compared to wing players (LW: -72.4 + 16.7%,
ES=121,RW: -68.1+193%, ES = 1.03) in MD-1.

There were large differences in the percentage of mean game de-
mands between PIV in MD-2, MD-3, and MD-4 (respectively,
228+107%vs -08+161%,ES=16,-215+149%vs 111
+195%,ES=185,-245+53%vs54+235%,ES=151)
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FIG. 2. Coefficient of variation for all the metrics in each playing position for the different training days.
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FIG. 3. Comparison of mean percentage of game demands between playing position related to game day in total distance (A), high-
speed running distance (B), player load (C), and rate of perceived exertion (D). Bar graphs represent the mean and standard deviation
percentage of mean game demands for each playing position related to game day. Coloured dots stand for individual value within the
playing position and game day. The thickness of the lines represents the magnitude of the difference (effect size): mm very large
difference; === large difference; — moderate difference.
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[l ]
To our knowledge, this is the first time a handball team has been
monitored longitudinally during a season in practices and games with
a combination of IMUs and RPE. The most significant differences
between playing positions were noted on match days, showing that
training does not replicate game demands. PL and HSR were the
metrics with the most important differences. When the difference
between playing positions was expressed as the percentage of vari-
ation related to the mean game demands, the most important dif-
ferences were found in MD-1 and the RPE.

Match days

Regarding the external load in games, our results on match days are
in line with previous studies. The wings (left (LW) and right (RW))
are, by far, the players who cover the most metres in HSR, both in
training and in games. These results match those observed in ear-
lier studies [5, 10, 12]. RW and LW were the players who covered
the highest distance and RB the lowest. A similar effect has been
found in previous studies [12].

Wings were also the players with the highest PL values compared
to the other positions. These results differed from previous studies
finding that CBs were the players with the highest PL value. Player
rotation and team tactics could explain some of these differences be-
cause the nature of this playing time affects PL [31] substantially.
In team handball, player rotations are unlimited and very easy to im-
plement. As a result, many factors could explain this variation, such
as players’ performance level (the better they are, the longer they
tend to play), the tactical choice of the coach, or game model re-
quirements. PL has been developed as a measure of physical per-
formance based on changes in acceleration to capture non-running-
based work (e.g., jumping, changes of direction, acceleration,
contact) [5].

PIV and RB had the lowest IL concerning the other positions. This
result could be related to different players’ rotation strategies In
many teams, RB are the players involved in the offensive/defensive
systematic rotations for various reasons, such as a lack of defensive
ability or fatigue management (RB need to be tall and left-handed
and are essential for most teams). PIVs' performances are paramount
for many teams, and the physical demands they must cope with are
high [9]. As a result, many coaches tend to establish more rotations
for the PIVs.

Training session

Total distance

PIV covered less distance than the other players during all training
sessions (up to moderate to largely less than LB). The tactical and
technical demands of the playing position likely play an important
role. PIV players were a fixing point in the opponents’ defence when
backs played more around the defensive system. A vital part of
handball training is devoted to the stabilized phase (Table 2), ac-
counting for most ball possession in matches [32]. This result should

be related to the main objective, the relative part of the session’s
static/full court phases, and the volume/intensity choice. It is ex-
pected that when training sessions are focused on static phases, PIVs
do not accumulate many metres due to their defensive fixation func-
tion, performing more isometric or dynamic muscular actions. In turn,
even if the training session is more dynamic (full-court situations),
they tend to carry out the same function. Thus, they cover less dis-
tance and perform fewer running actions. These results are in line
with those obtained in other studies where the PIV were the players
who covered the lowest distance in official matches [5].

When expressed as a percentage of mean game demands, we
can see that RB achieve a higher value than the other positions in
many parts of training sessions._ It is very likely that when there is
a less stabilized phase in training (when coaches want their players
to run more), the RB achieve a higher percentage as they run less
than the other players in games. In training, all players tend to train
simultaneously and perform the same tasks. These differences in RB
(and to a lesser extent for LB) could be attributed to a higher rota-
tion in playing time due to the demands on these positions accord-

ing to the team’s playing model [5].

High-speed running distance
Wings covered higher HSR distance in all training sessions than the
other playing positions. These results confirm that training requirements
are not always in line with game demands [5, 10, 12]. HSR distance
is an essential metric for performance [331 and injury prevention [341.
Our findings support the idea of Karcher & Buchheit [9] that there is
a need for specific sprint training and hamstring prevention work for
wings. The HSR percentage of mean game demands suggests that
training sessions do not replicate the competition load as the HSR
distance is lower than the match demands in all training sessions for
all players (Figure 3). This lack of specificity can lead to some issues
in some players, especially wings (who cover the highest HSR distance,
such as decreasing their performance [, 12] and increasing their risk
of injury [9]. HSR distances should be close to or above those required
by the competition to allow players to cope with these demands [17].
Moreover, the coefficient of variation of HSR showed that this vari-
able fluctuated a lot. Large differences were found in all playing po-
sitions depending on MD. This variation suggests that the technical
and tactical objectives of the training largely influence the HSR con-
tent and that this variable is not always adequately managed [9].
Qur results indicate that HSR distance is mainly subjected to tacti-
cal choices.

Player load

Our results showed a large variation in PL when comparing the dif-
ferent playing positions. This fact confirms that each player needs
atraining load as individualized as possible; the external load demands
differ for each playing position [5, 6, 291. At the same time, it was
observed that MD-4 was the day that was closest in terms of PL to
the competitive needs. As seen in Figure 2, MD-4 was the day when
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the greatest volume of work was carried out both in terms of time
and full court work and when the highest PL values could be accu-
mulated.

PL is one of the most used variables to control the external load
in training and competition in handball [5, 6, 291. PIV were the play-
ers with the lower PL values in competition and the different train-
ing sessions. The specific demands of the position at a physical, tech-
nical, and tactical level may explain this result [5]. Most of the needs
of these players are based on isometric strength work, as they were
the players who were the most involved in contact actions and with
few accelerations and lower high-velocity displacement [9, 22]. Wings
showed the highest PL value in any training session, following the
other external load variables (total distance and HSR). These differ-
ences between positions could be explained by the tactical demands
of each paosition, their needs, and the game model used by the
team [5].

Rate of perceived exertion

Our results suggest that players rated the session with similar inten-
sities despite many differences in the external load (e.g., HSR dis-
tance). Surprisingly, the internal load did not reproduce the same
pattern as the external loading. We could suggest two explanations
for this offset. Firstly, the extensive experience of the players in hand-
ball and years working with the same methodologies in the same
club (3.3 + 2 2 years in the club) may have caused a specific adap-
tation [17]. Secondly, many players' characteristics influence internal
load values, such as muscle mass, substrate concentrations [35],
body size [22], or fitness level [36]. As a result, two players receive
equivalent external loads, but the internal load could differ depend-
ing on individual characteristics. The player’s physical characteristics
and body dimensions are position-dependent [6, 18, 211. Overall,
these factors mainly explain the results.

Comparing the values obtained during training sessions and games,
we see that the results are often higher after training. These differ-
ences indicate that training and rest time density is much higher dur-
ing the week than on MD. There are likely more in-game breaks due
to the refereeing, the opponent's game pace, and the player's rota-
tion strategies.

The differences in the percentage of variation considering the
mean game demands are probably caused by the discrepancies be-
tween training and game values. Game demands fluctuate greatly
when compared to the training context.

Coefficient of variation

The coefficient of variation is related to periodization, as variations
in training load are a key and widely studied factor in performance [371.
Many studies suggest that poor training-load management and flawed
prescription constitute significant risk factors for injury [38]. Our
results show that games are the moment with the highest fluctuations
in most of the variables. This is logical, considering that teams do
not have control over the opponent’s executions. Most CVs are low
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and show a small magnitude (18 to 29%) except for HSR. HSR's
CV showed values ranging from 57 to 135%. Large differences were
found in all playing positions depending on MD_ This variation sug-
gests that the technical and tactical objectives of training largely
influence HSR content and that this variable is not managed [9].
These results indicate that HSR distance is a by-product of tactical
choices. Too much variation in the same training days illustrates,
from our point of view, that coaches do not control this variable. It
is also worth noting that HSR distance was much higher during
games than during training sessions, as training content does not

replicate HSR game demands.

Limitations

We could only study one professional team with a particular match
and training model. The team’s profile (only one match per week)
also allowed us to have stable microcycles that may not be general-
izable to other contexts (teams playing more than one match per
week, national teams). Another limitation is that the analysis of
defensive specialists was not considered. Some players have a par-
ticular role, playing only during the defensive phase, and are not
included in the attack. The type of training provided by the coaching
staff, and its intensity, also influence the training demands to a large
extent and can be a limitation. Other parameters, such as different
playing strategies [39], the opponent’s level [40] and the use of

a defensive specialist, may have revealed different results than ours.

Practical applications

Coaches must consider variables such as positional demands or the
team’s playing style to tailor training demands. Our results show that
coaches should carefully evaluate several indicators to design the
optimal training content. In our data, some values in the training
sessions were above the game demands (total distance, RPE) and
others under (HSR, PL). This scenario can be suboptimal to prepare
players for the “worst case scenario” in competition.

It is worth noting that training demands differ largely between po-
sitions (wings and PIV vs. RB). Handball staff should use this infor-
mation before designing microcycles to adjust training loads more
precisely.

CONCLUS (SN S e 0 s s e e e
We observed that internal load does not show the same pattern even
if there are substantial differences in external load variables between
playing positions. Our results confirm the need to control the load
and the complementarity of the two types of load variables. One of
the most relevant findings was the substantial variation in HSR be-
tween positions, games, and training sessions. Coaches must give
special attention to HSR because it is an essential variable for injury
prevention (9) and performance (12).

Further research is needed in handball to study the parameters
that influences the behaviour of internal and external loading vari-
ables to optimize training.
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