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Abstract

The evolution observed in soccer over the last years has led to an increase in the
physical and metabolic demands required during a game. To prepare players for these
demands, coaches must prescribe high-intensity training stimuli, which follow the
modern competition's requirements. Thus, selecting the appropriate form, duration,
and recovery time of exercises, with the objective of controlling training load, is
regarded as a task of vital importance for the enhancement and development of
capacities during the training process. Therefore, the general objective of this thesis
was to identify which form, duration, and recovery time of a specific training exercise
allowed male soccer players to reach and maintain higher training loads. To achieve the
proposed objectives, the following sequence of work was conducted: (i) review of the
literature on the proposed theme, (ii) comparison between the use of the continuous
method or the fractionated method in the training load during the performance of
small-sided games, and (iii) assessment of the impact of different recovery times on
training load during small-sided games. The main evidence suggests that (i) exercises
performed by the fractionated training method induce greater responses at the level of
external load when compared to exercises performed by the continuous method; (ii)
during the performance of small-sided games, the increase in the number of repetitions
of the exercise (fractionated method) induces increases in the external load variables
compared to the use of the continuous method; (iii) different recovery times for the
same total exercise duration, induced differences in internal and external loads; iv)
short recovery periods (i.e. 30 s) were sufficient to maintain high training loads
compared to longer recovery periods (i.e. 1-2 min) during the performance of 5-a-side
small-sided games v) the fractionated method should be used if the trainer aims to
induce high training loads during 5-a-side small-sided games, since the continuous
method seems to have caused a decrease in the players physical and physiological
responses. This thesis also allows the development of guidelines for the prescription

and monitoring of training load in soccer, using small-side games.

Keywords

Soccer;training load;external load;internal load;continuous method;fractionated
method;recovery time;fatigue;small-sided games manipulation.
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Resumo

A evolugao verificada durante os ultimos anos no futebol, levou ao aumento das
solicitacoes fisicas e metabdlicas requeridas durante um jogo. De modo a prepararem
as equipas para estas exigéncias, os treinadores devem prescrever estimulos de treino
de alta intensidade, que acompanhem a exigéncia da competicdo. Assim, a escolha
adequada da forma, duracdo e tempo de recuperacao do exercicio, com o objetivo de
controlar a carga de treino, assumem-se como tarefas de vital importancia para a
potenciacdo e desenvolvimento das capacidades durante o processo de treino.
Consequentemente, o objetivo geral desta tese foi identificar de que forma, a duracao e
o tempo de recuperacao de um exercicio especifico de treino permitem atingir e manter
cargas de treino mais elevadas em jogadores de futebol masculino. De modo atingir os
objetivos propostos foi utilizada a seguinte sequéncia de trabalho: (i) revisao da
literatura sobre o tema proposto, (ii) comparacao entre a utilizacdo do método continuo
ou do método fracionado na carga de treino durante a realizacao de jogos reduzidos,
(iii) impacto de diferentes tempos de recuperacao na carga de treino durante a
realizacdo de jogos reduzidos. As principais evidéncias sugerem que: (i) exercicios
realizados pelo método de treino fracionado induziram maiores respostas ao nivel da
carga externa quando comparados aos exercicios realizados pelo método continuo; (ii)
distintos tempos de recuperacao para a mesma duracado total do exercicio, induziram
diferencas nas respostas de cargas interna e externa de treino; iii) periodos curtos de
recuperacao (i.e., 30 s) foram suficientes para manter elevadas as cargas de treino em
comparacao com periodos de recuperacao mais longos (i.e., 1-2 min) durante o
desempenho de jogos reduzidos no formato 5 contra cinco iv) o método fracionado
deve ser usado se o treinador tiver como objetivo induzir elevadas cargas de treino
durante jogos reduzidos de 5 contra 5. Esta tese permite, igualmente, o
desenvolvimento de diretrizes para a prescri¢do e monitorizagdo da carga de treino no

futebol através do uso de jogos reduzidos.

Palavras-Chave

Futebol;carga de treinojcarga externajcarga interna;método continuo;método

fracionado;tempo de recuperacao;fadiga;manipulacao de jogos reduzidos.
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Resumen

La evolucion observada durante los altimos anos en el fatbol ha llevado a un aumento
en las demandas fisicas y metabolicas requeridas durante una partida. Para preparar a
los equipos para estas demandas, los entrenadores deben prescribir estimulos de
entrenamiento de alta intensidad, que acompanan el requisito de la competicion. Asi, la
eleccion adecuada de la forma, duracién y tiempo de recuperaciéon del ejercicio, con el
objetivo de controlar la carga de entrenamiento, se asume como misién de vital
importancia para la potenciacion y desarrollo de las capacidades durante el proceso de
entrenamiento-. Asi, el objetivo general de esta tesis fue identificar qué forma, duraciéon
y tiempo de recuperacion de un ejercicio de entrenamiento especifico permiti6 alcanzar
y mantener cargas de entrenamiento mas altas en jugadores de fatbol masculino. Para
lograr los objetivos propuestos, se utilizo la siguiente secuencia de trabajo: (i) revision
de la literatura sobre el tema propuesto, (ii) comparaciéon entre el uso del método
continuo o el método fraccional en la carga de entrenamiento durante la ejecucion de
juegos reducidos, (iii) impacto de diferentes tiempos de recuperacion en la carga de
entrenamiento durante juegos reducidos. La evidencia principal sugiere que: (i) los
ejercicios realizados por el método de entrenamiento fraccionado inducen mayores
respuestas a nivel de carga externa en comparacioén con los ejercicios realizados por el
método continuo; (ii) diferentes tiempos de recuperacion para la misma duracion total
del ejercicio, indujeron diferencias en las cargas internas y externas; iii) los periodos de
recuperacion cortos (i.e., 30 s) fueron suficientes para mantener altas cargas de
entrenamiento en comparacion con los periodos de recuperacion mas largos (i.e., 1-2
min) durante la ejecucion de juegos de 5 contra 5 en espacios reducidos iv) se debe
utilizar el método fraccionado si el entrenador tiene como objetivo inducir cargas
elevadas de entrenamiento durante el juego de 5 contra 5 en espacios reducidos. Esta
tesis también permite el desarrollo de pautas para la prescripcion y monitoreo de la

carga de entrenamiento en el fitbol mediante el uso de juegos reducidos.

Palabras-clave

Fuatbol;carga de entrenamiento;carga externa;carga interna;método continuo;método

fraccional;tiempo de recuperacion;fatiga;manipulacion de juegos reducidos.
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Chapter 1

General Introduction

Sports training is a long-term process that demonstrates a cause-effect relationship
between load and adaptation (Smith, 2003). In particular, load priority for the
preparation of soccer players should target the improvement of both individual and
collective skills so that the team is more competitive; hence, one major goal of the
coach is to improve the quality of the team's game simultaneously with the
development of the team's physical condition (Reilly, 2005) since competitive soccer
requires the execution of technical and tactical skills under great physical stress (Lago-

Penas et al., 2010).

Soccer players much achieve a high level of physical fitness through efficient training
structures (Iaia et al., 2009), which allow the specific development of several physical
qualities such as speed and endurance (Desgorces et al., 2007) to overcome the physical

and physiological demands of the competition.

Soccer is an intermittent sport (Bangsbo, 1994) that involves multiple actions with high
unpredictability. Each player must be prepared to react rapidly and efficiently
throughout the match (Hazir, 2010). Furthermore, the majority of actions performed
during the game are at a submaximal intensity, and the main metabolic pathway used is
the aerobic system (Mohr et al., 2003; Reilly, 1997; Stelen et al., 2005). Although most
actions are performed at a low-intensity pattern, players must also have a good
anaerobic capacity for high-intensity movements, such as sprinting, sudden changes in
direction, and constant accelerations or decelerations over small distances (Hoff et al.,
2002). It is therefore relevant for soccer training to recreate the unstable,
unpredictable, and dynamic nature of the game that is also representative of all
competition requirements (Davids et al., 2013). According to the most recent literature,
these standards can be achieved using small-sided games (SSGs) (Hill-Haas et al., 2011;

Kokli, 2012).

The SSG is characterized as a modified game played in small areas, with adapted rules,
and generally involves a small number of players (Hill-Haas et al., 2011). It allows the
simultaneous enhancement of technical and tactical development with specific fitness

capacities, such as endurance (aerobic and anaerobic), strength, and agility (Hill-Haas



et al., 2009). It has been considered the best resource for building team play and one of
the essential ways to improve all components of the game (Hammami et al., 2018; Hill-

Haas et al., 2011).

In addition to replicating combinations of players’ technical, tactical, and physical
abilities as observed in full-sized matches (Bujalance-Moreno et al., 2019; Hill-Haas et
al., 2011), several studies have shown that the manipulation of some variables during
SSGs, like duration and the recovery periods between repetitions (i.e., the use of
continuous or fractionated methods) (Hill-Haas et al., 2009; Koklii, Alemdaroglu,
Cihan, & Wong, 2017), previous information about duration (Ferraz, Gongalves,
Coutinho, et al., 2018; Ferraz, Goncalves, Van Den Tillaar, et al., 2018), pitch size,
number of players, coach encouragement, rules or the use of goalkeepers, and the
knowledge of the duration of the exercise enable different intensities and different
technical/tactical adaptations (Clemente et al., 2014; Ferraz, Gongalves, Van Den

Tillaar, et al., 2018; Koklii, Alemdaroglu, Cihan, & Wong, 2017).

Regarding the manipulation of the number of players during SSGs, recent studies have
shown that SSG formats with a different number of players induce distinct
physiological, preceptive, and time movement requests (Hill-Haas et al., 2009; Katis &
Kellis, 2009; Sampaio et al., 2007). Previous research has also shown (Hill-Haas et al.,
2009; Katis & Kellis, 2009; Owen et al., 2004; Rampinini et al., 2007) that formats
with a reduced number of players can induce higher heart rate (HR) responses
compared to larger formats. The results of Clemente et al., (2014) indicate that the five-
a-side format seems to be a viable option for high-intensity training similar to or
greater than that required during the game. These researchers add that the five-a-side
format is a good choice to induce important physiological responses similar to a real
game situation (85% to 93% Maximal heart rate (max.HR). This idea is supported by
other studies (Clemente et al., 2014; Little, 2009; Owen et al., 2004), which suggests
that the five-a-side format can be used for high-intensity aerobic training involving
repetitions of 4-6 min with 3-4 bouts. In addition, this format can be used to increase
perceived exertion values compared to other formats (e.g., four-a-side and six-a-side

formats) (Sampaio et al., 2014).

Regarding the duration of the exercise, the literature described that SSG performance
for different periods of time using continuous or fractionated methods causes distinct

changes in the training load (Koklii, Alemdaroglu, Cihan, & Wong, 2017), particularly



due to the changes that occur in the intensity distribution during the different

performance periods (Fanchini et al., 2011).

The use of SSGs also allows the development of players’ decision making under
pressure and fatigue (Gabbett & Mulvey, 2008). Indeed, fatigue can significantly affect
motor and perceptual processing (Akenhead & Nassis, 2016; Kellis et al., 2006; Mohr et
al., 2003; Thorpe et al., 2017), which has a direct relationship with physiological and
metabolic failures during SSGs. Fatigue can translate into a substantial reduction in
muscular strength and coordination and a decrease in performance for different
periods of time (Kellis et al., 2006; Mohr et al., 2003, 2005). In addition, mental
fatigue also influences the perception of effort during exercise, resulting in impairment
of resistance-based physical activity (Alghannam, 2012), yet it does not affect
neuromuscular function and therefore has a minimal impact on high-intensity exercise
and short durations (Waldron & Highton, 2014). Moreover, previous studies (Boksem
et al., 2006) also revealed that decreased motivation is associated with mental fatigue
and can affect the level of effort one is willing to exert on a task (Brehm & Self, 1989).
Ultimately, correct control and monitoring of training load is essential for ensuring that
the level of fatigue does not limit the objectives to be achieved (Halson, 2014), or that
the technical and tactical objectives of the exercise are marked out according to the

physical objectives (Dellal et al., 2011).

Training load has been described as the training variable that can be manipulated to
elicit the desired training response (Coutts et al., 2017). Monitoring the training load is
essential to determine players’ individual adaptations, responses, fatigue, and needs for
recovery in addition to minimizing the risk of overreaching and consequent injury or
illness (Bourdon et al., 2017). On this, training load can be classified as internal or
external and reflects the requirements imposed on athletes (Bourdon et al., 2017;
Lambert & Borresen, 2010). The external training load is an objective measure of the
work that the athlete performs during training or competitions and is important to
understand the athlete's real capabilities relative to his performance (Halson, 2014).
Typically, it describes the demands of the athlete's own movement (distance covered,
accelerations, changes of direction, and power output) (Burgess, 2017). The internal
training load is defined as the biological requirement (physiological or psychological)
that the work performed imposes on the athletes' structures (Bourdon et al., 2017;

Burgess, 2017; Halson, 2014).



Several studies (Bujalance-Moreno et al., 2019; Casamichana et al., 2013; Hill-Haas et
al., 2009; KoKlii et al., 2017) have been conducted to monitor internal and external
training loads during SSGs. The results highlight the extended potential of SSGs as they
not only increase the motivation of the players but also promote specific physical
conditions and technical/tactical capacities in soccer (Hammami et al., 2018a; Little,
2009; Los Arcos et al., 2015). Generally, SSGs are performed in a continuous or
fractionated format (Casamichana, Castellano, & Dellal, 2013; Koklii, 2012; Yiicesoy et
al., 2019), and both methods must contemplate, (i) intensity and duration of the work;
(ii) type of recovery (rest/active recovery) and duration of the recovery; and (iii) total
duration of work (number of interval of work x duration of work) (Halouani et al.,

2014).

A previous study (Laursen, 2010) highlighted the potential of the fractionated format in
trained athletes using repeated short or long periods of high-intensity exercise
interspersed with recovery periods (Billat, 2001). Greater cardiovascular and peripheral
adaptations have been reported in athletes who performed several fractionated
exercises at high intensities interspersed with resting periods (Billat, 2001; Faude et al.,
2013; Laursen & Jenkins, 2002); however, it remains unclear the precise influence of
the continuous and fractionated methods in the training load response under various

conditions.

Data suggests that the duration of recovery during exercises using the fractionated
method can be an important factor in training load (Hill-Haas et al., 2009; KoKklii et al.,
2017) since the ability to maintain high exercise intensity across several training
sessions depends significantly on the duration of exercise and recovery (Balsom et al.,
1992). During the recovery period, oxygen consumption remains elevated to replenish
the intramuscular high-energy phosphates required to perform high-intensity exercise
to pre-exercise levels (Balsom et al., 1992). In accordance with the objectives of the
physical efforts defined for the exercises, the correct manipulation of exercise duration
and recovery periods between repetitions must therefore be ensured by coaches;
however, knowledge about the influence of the duration of each repetition on training
load during SSGs has been inconclusive, and further research is needed. Furthermore,
psychological aspects should also be considered from the psychophysiological
integrated perspective. As stated before, previous studies (Boksem et al., 2006)
revealed that decreased motivation is associated with mental fatigue and can affect the
level of effort required to exercise a task, thus the recovery period can help to regulate

physiological and psychological stress, allowing players to achieve optimal levels of



arousal and subsequent attentional levels necessary to maintain high internal and

external load indicators during exercise (McMorris & Graydon, 1996).

Overall, we conclude that the results of previous studies have allowed coaches better
control of training load during SSGs; however, some questions remain unanswered,
such as those relating to the use of the continuous and fractional methods as well as the
manipulation of three critical variables related to the SSG prescription: time duration,
interval of rest, and number of repetitions. The current data highlight some lack of
consensus in the use of both methods and remain inconclusive regarding the effects of
manipulation on the variables identified. Further studies are needed to clarify the topic
due to its importance for training manipulation and control. According to the literature
gap, it may also be relevant to study the effects of the fractionated method in SSGs
when considering the same total duration of exercise (total and in each repetition) and

manipulating different recovery times.

Thus, the present work aimed to identify the effects on internal and external loads
resulting from the application of the continuous and fractionated methods in SSGs in
soccer training and the effects of different recovery durations between repetitions of a

five-sided SSG in training load in soccer players. Three hypotheses were raised:

1) The fractionated method, characterized by same total duration and same interval rest
but with different recovery times, induces a higher internal and external load;

2) The increase in the number of repetitions in the fractionated method raises the
internal and external load compared to the continuous method;

3) Increasing recovery time will decrease the internal load and increase the external
load of the exercise and lead to a higher physical impact of exercise (higher indicators

of training load).

The thesis was developed according to the following sequence:

o Chapter 2 presents a descriptive review based on the early studies regarding
training load during SSG and a review study developed to accomplish the main aim

of this thesis:

o Study 1. The effect of the continuous and fractionated game format on

the training load in Small Sided Games in soccer.



o Chapter 3 shows the experimental studies developed to accomplish the main aim of
this thesis:

o Study 2. Comparison Between Continuous and Fractionated Game

Format on Internal and External Load in Small-Sided Games in Soccer.

o Study 3. Effects of different recovery times on internal and external load

during small-sided games in soccer.
o Chapter 4 shows practical recommendations considering a specific game format:
o Study 4. 5-a-side Game as a Tool for the Coach in Soccer Training

After the studies presentation, a general discussion of the results is provided (Chapter

5), followed by the main conclusions (Chapter 6) and some suggestions for future
research (Chapter 7).



Chapter 2

Literature review

Features and capabilities of the soccer players

Soccer is characterized by intermittent efforts that alternate brief moments of high
intensity and longer periods of low-intensity exercise (Mohr et al., 2003; Rampinini et
al.,, 2007). Although the aerobic system mostly dominates the energy supply, elite
soccer players perform around 1,000-1,400 short-term actions that vary randomly
every 3-5 s, including kicks, dribbles, tackles, direction changes, running at different
velocities, accelerations, decelerations, jumps, running backwards and sideways, and
disputes (Bishop et al., 2018; Gonzalo-Skok et al., 2017; Mohr et al., 2003; Reilly et al.,
2000). This means that there are high anaerobic demands during intense periods
throughout a game (Bangsbo, 1994) and therefore, it is critical to ensure that players
have the ability to maintain high levels of activity through well-developed aerobic and
anaerobic endurance, which mediates the onset of fatigue (Buchheit & Laursen, 2013;
Yusuf Koklii et al., 2015). In this sense, high-intensity intermittent training has been
described as beneficial for improving aerobic capacity and the ability to perform high-
intensity actions (Billat et al., 2002; Buchheit & Laursen, 2013; Dellal et al., 2010). In
high-performance sports, it has been well documented over the years that maximum
benefits are achieved when training stimuli are similar to competitive demands

(Giménez et al., 2020; Kelly et al., 2020).

The demands imposed by the game cause constant physical and physiological
adaptations to the organism (Hevilla-Merino & Castillo-Rodriguez, 2018). In order to
achieve excellent performances, it is essential that soccer training programs include
successive, intermittent, high-intensity requests without forgetting that the tasks

should be representative of the game (Reilly, 2006).

Thus, we can conclude that aerobic metabolism stands out as the main source of energy
for muscle activity and is useful in the recovery between decisive periods of intense
activity, where anaerobic metabolism is highlighted (Baker et al., 2010; Buchheit &
Laursen, 2013; Rodriguez-Fernandez et al., 2019). Taking into account the multilinear

character of movement during a game, it is imperative that all the elements required



during a game are considered in the training programs, which have as their main
objective the reduction of fatigue associated with the task and the increase in sports

performance (Impellizzeri et al., 2005).

Physical and physiological demands of soccer

It is estimated that a professional soccer player covers a total distance between 9-14 km
during a soccer match (Bradley et al., 2013); however, recent studies showed that most
of this distance is covered at a low intensity, with only 7-12% performed at a high
intensity and 1-4% in sprint (Bush et al., 2015). Although the aerobic system primarily
dominates the energy supply, elite senior players perform an average of 250 brief high-
intensity actions during a match. Furthermore, during a game, the maximum oxygen
uptake of soccer players (VOamax) ranges from 55-70 mL/kg-min, with individual
values above 70 mL/kg-min™ (Reilly et al., 2000), and the anaerobic threshold of the
elite players is defined as 80-85% of VO.max and 80-90% of maximal heart rate
(Helgerud et al., 2001). Regarding this information, a study by Bradley et al. (2016)
notes that the physical and physiological demands of players has been subject to
changes in the last few years. These changes are related to several variables such as the
location of the competition, competitive category, style of play, tactical system, level of
the opponent, time with and without the ball, and the nationality of the players, all of
which have a conditioning effect on the duration and intensity of the efforts required
during competitions (Casamichana & Castellano, 2014; Castellano et al., 2011; da Mota
et al., 2016; Di Salvo et al., 2013; Folgado et al., 2014; Morgans et al., 2014; Tierney et
al., 2016).

According to a previous study (Hoff & Helgerud, 2004), to maintain the best
performance during a competition, it is necessary that players have high aerobic
training, speed, and strength. The acyclical character of movements, frequently
changing situations, and playing pace in soccer require players to generate energy from
different sources through aerobic and anaerobic metabolism (Duk et al., 2011; Reilly &
Williams, 2003). During a soccer game, short exercises performed by players at
maximal and high intensities (sprinting) are dominated by anaerobic energy processes
and are intertwined with activities of moderate and low intensity (walking and jogging)
characterized by aerobic energy processes; however, match playing time, exercise
intensity, and the percentage of time devoted to the performance of various activities
indicate that match performance is dominated by aerobic metabolism (Andrzejewski et

al., 2013; Bangsbo, 1994). Furthermore, low-intensity exercise and rest periods during



a match, lasting from a few to more than 10 s, are necessary for muscle relaxation, body
recovery, and lactate utilization (Spencer et al., 2005). In addition, a high level of
aerobic fitness (VO.max) in players enhances all these reactions and physiological-

biochemical processes (Gharbi et al., 2015).

Collectively, these data suggest that relevant adaptations (i.e., total duration, number of
repetitions, and recovery time) performed during the training process by the exercises
are needed to guarantee that the quality of the training process allows the optimized

performance of players, preparing them for the demands of soccer games.

Small Sided Games a powerful tool for training process

SSGs are implemented in a more open and random environment than traditional
methods of physical training, allowing greater variability in exercise intensity (Gamble,
2004). During these games, players can experience multiple situations and constraints
that are similar to the competition (Owen et al., 2004). The game demands justify the
use of these types of exercises (Reilly et al., 2009) and therefore, SSGs are considered
ideal for the development of specific physical characteristics required during the game
(Impellizzeri et al., 2006; Koklii, 2012). Ultimately, weekly soccer training programs
need to represent the dynamic, unpredictable, and unstable nature of the game (Davids

et al., 2013).

The use of SSGs (Hill-Haas et al., 2009; Katis & Kellis, 2009) has been proposed as a
tool for developing such capabilities in the context of performance, highlighting similar
combinations of players’ technical, tactical, and physical abilities as observed in full-
sized matches (Aguiar et al., 2008; Clemente et al., 2014; Katis & Kellis, 2009). SSGs
are also referred to as skill-based conditioned games (Gabbett, 2006) or game-based
training (Gabbett et al., 2009) and are played with a smaller number of players
compared to a formal 11-a-side game. In addition, the field sizes, can range from 10m x
s5m to 6om x 50m (Hill-Haas et al.,, 2011). SSGs are also characterized by their
variability in changing the physical, physiological, and technical-tactical requirements
of training based on the manipulation of numerous variables, such as field dimensions
(Kelly & Drust, 2009; Rampinini et al., 2007), number of players (Little & Williams,
2006; Rampinini et al., 2007), rules or restrictions (Hill-Haas et al., 2009), inclusion of
a goalkeeper (GR), (Little, 2009; Sassi et al., 2005), the presence of a coach’s verbal
encouragement (Rampinini et al., 2007), number of repetitions and effort/recovery

ratio (Fanchini et al., 2011; Rampinini et al., 2007), or previous information about



exercise duration (Ferraz et al., 2017; Ferraz, Gongalves, Coutinho, et al., 2018; Ferraz,

Gongalves, Van Den Tillaar, et al., 2018).

Due to the high number of variables involved, to our best knowledge, there are no
studies that cover all possible combinations of them, and it is very difficult to reach a
consensus even in studies that use similar variables. Therefore, more research is
required to promote an accurate and reliable monitoring tool to ensure that there is an

effective improvement of the player's physical abilities.

The literature indicates that the number of players can influence physical,
physiological, and time motion patterns during SSGs (Aroso et al., 2004; Hill-Haas et
al., 2010; Katis & Kellis, 2009; Owen et al., 2004). Some studies have shown that SSGs
performed with a reduced number of players induce greater heart rate (HR) responses
when compared to larger formats (Hill-Haas et al., 2009; Impellizzeri et al., 2006). In
this respect, studies have failed to observe differences in HR responses between
different SSG formats (Aroso et al., 2004; Dellal et al., 2008; Jones & Drust, 2007) and
the literature also report no significant differences in variables such as the entire
distance covered and distances covered at different intensities (Hill-Haas et al., 2009,
2010; Jones & Drust, 2007); however, for high-intensity efforts, different conclusions
have been reported (Hill-Haas et al., 2009), noting that the sprint distance and
duration increase progressively with an increasing number of players in the exercise.
Some studies (Hill-Haas et al., 2010) do not observe significant differences related to
the number of players used during the exercise. Contrary to the results that have been
previously reported, Drust et al. (2000) reported that a reduction in the number of

players increases the exercise intensity.

Moreover, a study conducted by Hill-Haas et al. (2009) that examined the variation in
physiological and perceptual responses and time-motion profiles in SSGs formats
(three-a-side; four-a-side; six-a-side) based on the fractionated (4 x 6min) and
continuous methods (24min) concluded that, with the exception of lactate
concentration, changes in format (interval or continuous) do not appear to affect the
variability between physiological or preceptive response sessions. In addition, intensity
measurements in continuous training are less variable than interval training sessions.
The divergent conclusions drawn from these studies can be justified by the variability

in the sample used, experimental design, and especially the field size.
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Regarding the field size, previous investigations have shown that different sizes can
induce different physical and physiological responses (Aslan, 2013; Casamichana &
Castellano, 2010; Clemente et al., 2014) Corroborating these data, several studies
(Casamichana & Castellano, 2010; Rampinini et al., 2007) could observed significant
differences in the internal load indicators, specifically in HR, with changes in the size of
the playing field. Fields with larger dimensions induced higher HR values in
comparison to medium and small fields (Aguiar et al., 2015) which suggests that
changing the field size may help coaches in intensity regulation during SSGs. In
addition, previous experiments observed that increasing the playing area can promote
exercise intensity enhancement (Rampinini et al., 2007) likely due to the increase in
the area that needs to be covered by each player. As an example, Balsom et al. (1999),
reported that intensities observed in a three-a-side game can be achieved in a four-a-
side scenario based on the increase in the field size, and yet most research indicates
that HR increases with an increasing field size (Casamichana & Castellano, 2010; Owen

et al., 2004).

During the last years, SSG studies indicated that players increased their motivation
with the completion of SSGs since they develop greater physical enjoyment (Hammami
et al., 2018; Hill-Haas et al., 2010; Los Arcos et al., 2015; Selmi et al., 2018). In
addition, physical enjoyment has been associated with positive psychometric responses
to activity, which is one of the main reasons leading athletes to adhere to prescribed
training (Carraro et al., 2014). From the same perspective, a study conducted on
professional soccer players (Selmi et al., 2018) concluded that high-intensity interval
training produced a mood disorder, while the use of SSGs help achieved the balance of

mood (Los Arcos et al., 2015).

Training Load

Training load is understood as a quantitative measure of the physical and physiological
work performed during the exercise period (Halson, 2014) and can be categorized as
internal or external (Malone et al., 2015). Internal load is a measure of perception of
effort by the athlete themselves (e.g., rate of perceived exertion or HR response to the
stimulus). In contrast, external load is the quantification of some external variables
(e.g., speed and total distance covered) (Drew & Finch, 2016). The internal load is also
defined as the internal indicator to the external load, can be subject to variations, and
does not always follow the trend of external load (Koklii, 2012; Koklii, Alemdaroglu,

Cihan, & Wong, 2017).
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Training load is relevant to the player's physical state since performance optimization is
only achieved from post-training and competition recovery periods. It is necessary to
consider an optimum balance between stress resulting from the stimulus and adequate
recovery intervals (Kellmann, 2002); therefore, exercise variables such as duration,
recovery, and intensity are the predominant vectors of the training load (Brink et al.,
2010).

To increase or decrease fatigue, training loads can be adjusted during a training cycle.
Depending on the training period (pre-season, in-season, or detraining phase), the
objectives and other variables can be manipulated to control the intensity of the SSG.
Among these variables are size of playing field, number of players, coaching, game
rules, content focus of the game, goal size, number of goals, presence of goalkeepers,
dosing of load interval, rest interval, knowledge about exercise duration, match status,
and training method (Christopher et al., 2016; Clemente et al., 2017; Halouani et al.,
2014; KoKlii et al., 2015; Los Arcos et al., 2015; Yiicesoy et al., 2019). Monitoring fatigue
across training load indicators can provide a scientific explanation for changes in

performance. In order to analyze training load, several variables can be quantified
(Table 1).

Monitoring fatigue across training load indicators, can provide a scientific explanation
for changes in performance. In order to analyze the training load, several variables can
be quantified (Table 1).

Table 1. Variables that can be used to monitor training load

Variable Units/descriptors

Frequency Sessions per day; Week; Month
Time Seconds; Minutes; Hours

Intensity Absolute; Relative

Type Modality; Environment

Maximal effort Maximum mean power; Jump height
Repeat effort Number of efforts; Quality of efforts
Training volume Time; Intensity

Perception of effort Rpe

Perception of fatigue and recovery Questionnaires; REST-Q; VAS

Illness Incidence; Duration
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Biochemistry and hormone analysis Baseline; Response to exercise

Technique Movement deviations
Body composition Total body weight; Fat mass; Fat-free mass
Sleep Quality; Quantity; Routine

Psychology Sensations Hopeful Stress; Anxiety; Motivation Sensations Hopeful

Note: : REST-Q=The recovery stress questionnaire for athletes ; VAS= Visual Analogue scale

External and Internal load during Small Sided Games

Participating in SSGs could induce various responses in the external load (Koklii, 2012;
Koklii, Alemdaroglu, Cihan, Wong, et al., 2017). A previous study which compared the
SSG and a regular game performance concluded that the level of intensity during the
regular soccer game was higher compared to the SSG, although the distance covered
per minute was greater during the SSG (Castellano et al., 2012). Another study (Aguiar
et al., 2012) observed that a reduction in the number of players participating in the SSG
caused a decrease in the distance covered and the number of sprints performed. Other
investigations (Aasgaard & Kilding, 2018; Cihan, 2015) reported that the inclusion of
defensive strategies (e.g., man-to-man marking) by the coach promotes an increase in
the total distance covered, namely at high intensities, while the inclusion of goalkeepers

caused an increase in the number of accelerations (Castellano et al., 2013).

Regarding internal load, previous studies have reported that increasing the size of the
playing field induces increases in HR responses (Casamichana et al., 2013; Owen et al.,
2004). In contrast, another investigation (Rampinini et al., 2007) found that the
increase in the number of players in the exercise induced an intensity enhancement,
and consequently, higher HR responses. More recently, a study by Dellal el al. (2012),
found that HR responses were higher in SSGs regardless of the method by which they
were performed when compared to friendly games. In addition, the duration of
repetition may be a determining factor that should be considered, as shorter and
successively shorter repetitions appear to cause a lower % max.HR compared to longer
repetitions (Bujalance-Moreno et al.,, 2019; Hill-Haas et al., 2009; Koklii, 2012).
Contrary to this evidence, a study comparing the use of longer and shorter repetitions

found that the physiological responses were similar (Koklii, 2012).
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Continuous vs. fractionated training method during Small
Sided Games

During SSGs, the rate rest at work can be a determining variable that influences
physiological responses (Casamichana, Castellano, & Dellal, 2013; Koklii, 2012), and
therefore, the organization and prescription of these games should be based on three
vectors (Halouani et al.,, 2014): 1) work intensity and duration; 2) recovery type
(passive/active) and duration; and 3) total duration of work (number of the interval of
work x duration of work). Although most studies on SSGs use the fractionated method,
it is extremely important to verify the differences derived from the use of the
continuous (i.e., without repetitions or rest intervals during the exercise) and
fractionated methods (i.e., exercises performed repeatedly, with intervals between
repetitions) and the possible types of manipulations to ensure the desired training
loads. Unfortunately, there are few studies that have investigated how SSG training
load can be manipulated to change training stimuli based on the choice of training

method (Fanchini et al., 2011; Hill-Haas et al., 2009).

The continuous method is characterized by a large volume of work without
interruptions, where the main objective is to improve the aerobic capacity of players
(Bompa, 2009). Its use during SSGs essentially aims at the development of basic
resistance during the preparatory periods of the season (Hill-Haas et al., 2011). The
continuous method can be categorized as uniform or varied. The first is characterized
by the maintenance of effort over a period of time, while the second consists of the
performance of prolonged efforts with significant variations in intensity but without

having to effectively cease the activity (Alves et al., 2006).

The literature also describes that the performance of the exercise using the continuous
or fractionated methods can cause changes in the training load (Koklii, Alemdaroglu,
Cihan, Wong, et al., 2017), especially due to the changes that are verified in the
intensity distribution during the different periods of performance (Fanchini et al.,
2011); however, the differences resulting from its application are still unclear (Fanchini
et al., 2011; Impellizzeri et al., 2019; Koklii, Alemdaroglu, Cihan, Wong, et al., 2017;
Yiicesoy et al., 2019). Regarding peripheral and central adaptations, some results reveal
that there are no differences between the methods (Edge et al., 2006; Seiler &
Teonnessen, 2009), but there are reports suggesting that the continuous method
performed at submaximal intensities promotes better peripheral adaptations, while the
fractionated method promotes better central adaptations (Helgerud et al., 2007). In

addition, another study Reilly (2006) observed significant differences in the
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recruitment of the type of muscle fiber between 18 protocols of continuous and
fractionated exercise. Slow contraction fibers were predominantly activated during
continuous exercise, whereas both the quick and slow contraction fibers were requested

during the fractionated exercise.

Usually, SSGs are prescribed with the fractionated method (Harrison et al., 2014)
although the continuous method is more similar to the demands of real games (Aguiar
et al., 2012). One of the aforementioned studies (Fanchini et al., 2011) concluded that
with the total duration of the SSG, the value of HR is smaller with shorter repetitions
(e.g., 2 min) compared to longer repetitions (e.g., 6 min). Thus, these results may
suggest that the continuous method induces higher HR responses compared to the
fractionated method with shorter repetitions, considering the total duration of the SSG.
Some possible justifications for these results have been noted, such as the additional
rest between repetitions that causes decreases in HR (Aguiar et al., 2012) and a pacing
effect that can induce players to set the pace of the game (Carling et al., 2008). Finally,
some studies have also suggested that SSGs performed under the continuous or
fractionated formats display identical physiological responses for both training regimes
(Koklii, 2012; Yiicesoy et al., 2019). Similarly, (Christopher et al., 2016) also observed
no differences for physiological indicators when comparing both training methods.
These results suggest that both regimes can be used for physiological adaptations and
match-specific conditioning. Taking into account the vast number of variables that can
be manipulated in SSGs and the different possible objectives, which can influence
internal and external load indicators, it is clear that more research is needed that
explore the real impact of using the continuous or fractionated methods on training

load during SSGs and include all possible variables.

Exercise duration and Recovery in Small Sided Games

The development of the player's physical condition is one of the essential factors for
performance (De Villarreal et al., 2015) and also depends on the interaction between
exercise duration and subsequent recovery periods, as well as exercise intensity and
recovery (Bangsbo, 1994). The chosen training method (continuous or fractionated) of
the SSG and the manipulation of key variables such as intensity, duration, frequency,
and recovery takes on a fundamental role in player performance during these exercises

(Dupont et al., 2003; Seiler & Tennessen, 2009).

According to Kellmann & Kallus (2007), recovery involves active processes to restore

psychological and physiological resources, in addition to states that allow the individual
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to use these resources again. Therefore, the intensity, duration, and frequency of
training based on SSGs causes significant stress on biological systems, which may
compromise the ability to work in the following sessions (Kelly et al., 2020; Strudwick
& Reilly, 1999). The return of the muscle to its normal state after exercising is part of a
process known as recovery. This process comprises two phases, with a fast-initial phase
that lasting between ten seconds to a few minutes (mins) and a second phase lasting

between a few minutes to a few hours (Gaesser & Brooks, 1984).

The ability to perform high intensity efforts in a repeated series as occurs during SSGs
is influenced by the nature of the exercise itself and the periods of recovery, and the
more exercise interferes with the body's homeostasis, the greater its effect on recovery
metabolism (Tomlin & Wenger, 2001). Similarly, the more complex these regenerative
processes are, the greater the ability to generate strength or maintain power in

subsequent effort intervals (Tomlin & Wenger, 2001).

In particular, the recovery period between sets may result in an increased HR response
in the following series and thus better removal of substrates during the stipulated rest
period (Hill-Haas et al., 2008), allowing physiological recovery and higher intensities
of work in the following repetitions (Hill-Haas et al., 2009). The duration of each
interval, alternating with the rest periods, are used to determine the working period in
a variable called the rest ratio. Although most studies on SSGs are prescribed with short
rest intervals, some recent studies have used variations in recovery time (e.g., 10 min to

30 min) (Hill-Haas et al., 2011).

Koklii et al. (2015) reported that when the coach selected the fractionated training
method, the number and duration of repetitions considerably affected the physical
demands of the tasks. These results were corroborated by a study that investigated the
effects of different recovery periods of 1, 2, 3, and 4 min, respectively (Koklii et al.,
2015). The same conclusions were drawn from a study that had recovery periods of 30 s
and 120 s that aimed to analyze the variation of HR, the effects of oxygenation on
muscles, and the movement demands resulting from the task (McLean et al., 2016).
Thus, exercise duration and recovery time may be a determining factor to control the

training load and consequent physical and physiological responses.
Fatigue during Small Sided Games
The effects of fatigue, particularly on soccer, have received substantial attention over

the last decade (Waldron & Highton, 2014). Soccer fatigue has been attributed to a
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number of individual physiological and psychological factors, such as lactate and
hydrogen ions (H+) accumulation, glycogen depletion, phosphocreatine depletion,
dehydration, neural transmission insufficiency, motivational and mental mechanisms,
and tactical or contextual factors (Mohr et al., 2005). The mechanisms responsible for
the accumulation of fatigue during training are varied, complex, and not fully
understood (Bangsbo et al., 2006; Ferraz et al., 2019; Rampinini et al., 2008); however,
depletion of energetic substrates (e.g., muscle glycogen, increased metabolic
byproducts, lactate, and potassium), increased pH, and dehydration were identified as
factors that may contribute to the accumulation of fatigue during training (Bangsbo et
al.,, 2006) and consequently to the reduction of the training load imposed by the
exercise. The progressive decrease in heart rate, rating of perceived exertion, running
intensity, and distance was also associated with decreases in training load due to
fatigue (Hill-Haas et al., 2009; KoKlii et al., 2011; Koklii, Alemdaroglu, Cihan, Wong, et

al., 2017).

Fatigue has been described as a reduction in maximum voluntary muscle strength
resulting from exercise (Gandevia, 2001). From this perspective, there are two possible
explanations that give rise to fatigue: i) muscle fatigue, when peak force deficiencies are
related to processes in muscle cells that affect contractile muscle functions (Bishop,
2012; Knicker et al., 2011) and ii) central fatigue, when the decrease in muscle strength
production was related to the reduced neural impulse from the motor cortex to the

motor units (Knicker et al., 2011).

During the last decade, several studies have shown that changes in physical
performance may be part of the team strategy (Castellano et al., 2011) or a consequence
of muscle fatigue (Bishop, 2012) resulting from actions and accelerations performed by
players at high intensities (Silva et al., 2016). Indeed, decreases in performance
following intermittent high-intensity periods as well as decreases in total distance
traveled have been reported in previous studies (Bradley et al., 2009; Casamichana et
al., 2012). In addition, muscle fatigue may play a role in changing tactical behavior and
decision making as previously demonstrated (Ferraz, Gongalves, Van Den Tillaar, et al.,

2018; Sampaio et al., 2014; Smits et al., 2014).

Mental fatigue can also be a conditioning factor in player performance and behavior.
Mental fatigue has been described as a psychobiological impulse characterized by sharp
increases in subjective classifications of mental fatigue and mental effort, cognitive

difficulties in the ability to maintain attentional focus (Shou & Ding, 2013), identifying
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and using visual cues, (Boksem et al., 2006) and evaluating and adjusting actions
(Lorist et al., 2005), which results from prolonged periods of demanding cognitive
activity (Van Cutsem et al., 2017). In this respect, previous studies report that mental
fatigue can reduce physical and technical performance during training and soccer game
situations (Badin et al., 2016; Ferraz et al., 2019); however, based on the manipulation
of variables while performing SSGs, it is possible to change game demands with
implications on muscle and mental fatigue (Aguiar et al., 2015; Hill-Haas et al., 2011;
Travassos et al., 2014). In fact, players like to perform SSGs because the ball contact
time is longer than any other exercise performed and may result in increased
motivation and enjoyment of the exercise (Los Arcos et al., 2015). Therefore, having
stops of longer durations solely for recovering purposes may imply a strain of mental
fatigue derived from the stress related to the anxiety of wanting to play for as long as
possible. Previous studies (Boksem et al., 2006) reveal that decreased motivation has
been associated with mental fatigue and can affect the level of effort one is willing to
exert on a task (Brehm & Self, 1989); thus, manipulation of length of recovery periods
may induce changes in physiological and psychological stress by allowing players to
achieve optimal levels of arousal and subsequent attentional levels required to maintain
high internal and external load indicators during exercise. Ultimately, this research
topic is still lacking research and needs further investigation into the impact of muscle

and mental fatigue on SSG performance.

Global positioning system technology

Technological advances have recently contributed to improved physiological data
collection during the training and competition process in most sports, especially soccer
(Boyd et al., 2011). The emergence of these new measurement technologies has allowed
data to be increasingly collected with high reliability in the most diverse (Grossman et

al., 2010; Sanchez et al., 2018).

Wireless Inertial Motion Analysis Devices (WIMUs) are among the most recent and
important inertial devices (Molina-Carmona et al., 2018). They incorporate different
sensors (e.g., accelerometer, gyroscope, magnetometer, GPS chip, and UWB chip) that
simultaneously measure different variables, such as heart rate, acceleration, speed,
time, and distance. The recorded variables can be displayed in real time or downloaded

later to a computer.

Given the extreme usefulness of these kinds of devices for training planning and

competitions, it is imperative that they are valid, reliable, and tested in contexts similar
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to those of the real games. Like the WIMO device, which has been previously evaluated
(Molina-Carmona et al., 2018), all new technologies that record real data should be
rigorously evaluated through controlled methodologies to identify measurement

accuracy (Thomas et al., 2015).

The correlation is high (r > 0.93) when comparing the distances of a soccer game using
traditional video analysis, but with differences of up to 24% in the high intensity
distance covered (Aughey & Falloon, 2010; Boyd et al., 2011). However, global position
system (GPS) systems have some limitations since they only record the linear aspects of
displacement, although other complementary information enriches the description of
physical demands, such as approaches, contacts, impacts, and directionality of

displacement (MacLeod et al., 2009).

This technology has been used in studies that analyzed the sports performance and
physical demands of players during different activities. These studies attempt to
analyze the importance of variables that affect physical demands, such as the number of
players participating per team (Hill-Haas et al., 2009), training regime (Hill-Haas et
al., 2010), rules of manipulation (Hill-Haas et al., 2009), changes in the number of
teammates and opponents (Torres-Ronda et al., 2015), repetitions performed during
training (Dellal et al., 2011; Dellal et al., 2012), and dimension of the field and skill level
(Silva et al., 2014). In addition, other studies have used GPS technology to analyze SSGs
in comparison to formal games (Dellal et al., 2012) while factoring in the following
variables: positional status, temporal movement variables, heart rate, and tactical
behavior (Sampaio et al.,, 2014). The possibilities of this type of technology are
immeasurable and have been a fundamental contribution to the understanding of

training and control.

In addition to the literature review, a review study was conducted.
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Review Study

Study 1 - The continuous and fractionated game format on the

training load in Small Sided Games in soccer

Abstract

Background:

The training load has become relevant for coaches in recent years. Several studies were
carried out to verify the impact on the training load during the performance of Small
Sided Games in soccer. However, recent research is now focused on the effects of using
different methods and the study of different recovery times on training load in SSG
deserve more attention.

Objective:

In this brief review, we critically analyze the impact of using different training methods
and different recovery time, inferring in relation to their impact on the external and
internal training load during the performance of Small Sided Games in Soccer.
Conclusion:

The correct choice of training method can help coaches to increase the performance of

their teams and achieve the proposed training objectives.
Key-words

Soccer; different training methods; different recovery times; external load; internal
load
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Problem Definition

Soccer is typically regarded as an intermittent sport (Bangsbo, 1994) with multiple
unpredictable actions. Therefore, it is important for soccer training to recreate the
dynamic nature of the game to be representative of all competition requirements.
According to the literature, these demanding standards can be achieved by recreating
the game through Small-sided Games (SSG) (Hill-Haas et al., 2011; Koklii, 2012). In
addition to SSG highlighting similar combinations of technical, tactical, and physical
players' abilities as those observed in full-sized matches (Bujalance-Moreno et al,,
2019; Hill-Haas et al., 2011), several studies also showed that the manipulation of some
variables during these games, like the total duration, and the duration periods between
repetitions (i.e., the use of continuous or fractionated methods) (Hill-Haas et al., 2009;
Koklii, Alemdaroglu, Cihan, & Wong, 2017). Regarding the duration of the exercise, the
literature described that, using the continuous or fractionated method, during the
performance of SSG, for different periods of time causes different changes in the
training load (TL) ( Koklii, Alemdaroglu, Cihan, & Wong, 2017), particularly due to the
changes that occur in the intensity distribution during the different performance
periods (Fanchini et al., 2011).The use of SSG also allows the development of players’
decision-making skills under pressure and fatigue (Gabbett & Mulvey, 2008). Indeed,
fatigue can significantly affect motor and perceptual processing (Akenhead & Nassis,
2016; Kellis et al., 2006; Mohr et al., 2003; Thorpe et al., 2017), which has a direct
relationship with physiological and metabolic failures during SSG. Therefore, correct
control and monitoring of the training load is essential to prevent levels of fatigue from
limiting the objectives to be achieved and to ensure that the technical and tactical
objectives of the exercise are marked out according to the physical objectives. The
training load has been described as the training variable that can be manipulated to
elicit the desired training response (Coutts et al., 2017), and can be classified as internal
or external and reflects the requirements imposed on athletes (Bourdon et al., 2017;
Lambert & Borresen, 2010); however, some questions remain unanswered, such as
those relating to the use of the continuous and fractional methods as well as the
manipulation of three critical variables related to SSG prescription: time duration,
interval of rest, and number of repetitions.

The present review highlights the impact on internal and external loads resulting from
the application of the continuous and fractionated methods in SSG. It also aims to give
importance to the effects of different recovery durations between repetitions on
training load during SSG. Ultimately, a review is necessary to summarize the findings
and new evidence on changes in training load resulting from performing SSG using the

continuous or fractional methods and with different recovery time. To search for
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relevant publications and ensure the quality of the articles, the following databases
were used: Web of Science (the modules “Core” and “Medline”), Scopus and PubMed.
Articles that were published in 2020 or before and in English were considered. The
search strategy comprised search terms that combined one of two primary keywords
(“soccer” or “football”) with a second keyword (small-side games” or “small and
conditioned games”) and a third keyword (“recovery time”, "training load”, “continuous
method”, “fractionated method”), using the boolean operator. The inclusion criteria for
these articles were: (1) relevant data on: training load, training method
(continuous/fractional) and / or recovery time, during SSG; (2) the participants
included amateur and / or professional male and female soccer players; and (3), the
articles were published in English. Studies were excluded if: (1) it did not include data
relevant to this study; and (2), were conference abstracts. The articles were screened
based on an assessment of both the title and the abstract. All articles without a focus on
the investigation were excluded. In total, 133 articles were considered relevant for this
review. These articles were read in detail by two senior researchers with substantial
experience in the field (including relevant publications) and assessed for relevance and
quality. Articles which did not meet the criteria were excluded. After this step, 25

articles remained.

Summary of previous research

Prior investigations on the influence of the continuous and fractionated training
methods on training load are inconclusive and present contradictory outcomes
(Bujalance-Moreno et al., 2019; Fanchini et al., 2011; Hill-Haas et al., 2009;K0Kklij,
2012; Koklii, Alemdaroglu, Cihan, & Wong, 2017; Yiicesoy et al., 2019); however,
changes in training load may occur during SSG (Koklii, Alemdaroglu, Cihan, Wong, et
al., 2017) as well as improvements in aerobic capacity (Koklii, 2012). Still, the type of
changes induced in the internal and external loads and their causes remain
controversial among the scientific community. In this regard, some authors (Fanchini
et al., 2011; Impellizzeri et al., 2019; Kokli, Alemdaroglu, Cihan, & Wong, 2017;
Yiicesoy et al., 2019) have suggested that increasing repetition duration causes an
increase in physiological responses, specifically heart rate (HR) (Bujalance-Moreno et
al., 2019) and % max.HR (Hill-Haas et al., 2009; Kokli, 2012); therefore, the
continuous method induces a greater internal load compared to the fractionated
method. In the same line of investigation, other authors (Christopher et al., 2016;
KoKklii, 2012) state that the physiological responses are similar regardless of the training
method chosen by the coach, while divergent opinions are presented in other

investigations (Owen et al., 2004; Sampaio et al., 2007). Regarding external load
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indicators, previous studies that compared SSG performed using both methods with
real game situations inferred that, although the intensity is higher in real game
situations, the workload is higher during the performance of SSG regardless of the
format, particularly in relation to the distance travelled per minute, (Castellano et al.,
2012), in addition to other variables that have been analyzed (e.g., intensity of
displacements made (Aguiar et al., 2012), total distances travelled, and total distances
travelled at high intensities (Aasgaard & Kilding, 2018; Cihan, 2015), but more research
is required about this topic. In general, the investigations conducted suggest that both
training methods can be used for physiological adaptations and match-specific
conditioning, but further research is needed to identify which training method is most
efficient for SSG. In addition to selecting the training method, coaches must consider
the recovery time chosen between each repetition performed since the ability to
maintain high intensities is directly related to the ability to recover quickly from
previous repetitions performed (Balsom et al., 1992). In this regard, it has been
suggested (Kokli et al., 2015) that short recovery periods can cause increases in
training load ; however, other approaches suggest that there are no differences between
different recovery time (McLean et al., 2016), while another study suggests that longer

recovery periods showed less homogeneity of the heart rate (HR) (Dellal et al., 2011).

Explanation of subject matter

The literature describes that the performance of an exercise using the continuous or
fractionated methods can cause changes in the training load (Koklii, Alemdaroglu,
Cihan, & Wong, 2017), especially due to the changes that are verified in the intensity
distribution during the different periods of performance (Fanchini et al., 2011). Usually
the SSG is prescribed using the fractionated method (Harrison et al., 2014), although
the continuous training method is more similar to the demands of the real game
(Aguiar et al.,, 2012). One of the aforementioned studies (Fanchini et al., 2011)
concluded that during the total duration of SSG, the value of HR is smaller with shorter
repetitions (e.g., 2 min) compared to longer repetitions (e.g., 6 min). Collectively, these
results may suggest that when considering the total duration of the SSG, the continuous
method induces higher HR responses compared to the fractionated method with
shorter repetitions. Some possible justifications for these results have been identified,
such as the additional rest between repetitions that causes decreases in HR (Aguiar et
al., 2012) and a pacing effect that can induce players to set the pace of the game
(Carling et al., 2008). Finally, some studies also show that SSG performed under the
continuous or fractionated formats displayed identical physiological responses for both

training regimes (Koklii, 2012; Yiicesoy et al., 2019). In this regard a previous study,
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(Christopher et al., 2016) also observed no differences in physiological indicators when
comparing both training methods. Collectively, these results suggest that both regimes
can be used for physiological adaptations and match-specific conditioning. The
development of the player's physical condition is one of the essential factors for
performance (Haghighi et al.,, 2012) and also depends on the interaction between
exercise duration and subsequent recovery periods, as well as exercise intensity and
recovery (Bangsbo, 1994). Indeed, the recovery period between sets may result in an
increased HR response in the following series, thus better removal of substrates during
the stipulated rest period (Hill-Haas et al., 2008), which allows physiological recovery
and higher intensities of work in the following repetitions (Hill-Haas et al., 2009).
Although most studies on SSG are prescribed with short rest intervals, some recent
studies have used variations in recovery time (e.g., 10 min to 30 min) (Hill-Haas et al.,
2011). The training load is relevant in the player's physical state since performance
optimization is only achieved from post-training and competition recovery periods,
thus it is necessary to consider an optimum balance between the stress resulting from
the stimulus and adequate recovery intervals (Kellmann, 2002). Exercise variables such
as duration, recovery, and intensity are therefore considered the predominant vectors

of the training load (Brink et al., 2010).

Contradictions and problems

Usually the SSG is prescribed by the fractionated method (Harrison et al., 2014),
although the continuous training method is more similar to the demands of real games
(Aguiar et al.,, 2012). One of the aforementioned studies (Fanchini et al., 2011)
concluded that during the total duration of SSG, the value of HR is smaller with shorter
repetitions (e.g., 2 min) compared to longer repetitions (e.g., 6 min). These results
seem to suggest that the continuous method induces higher HR responses compared to
the fractionated method with shorter repetitions, considering the total duration of SSG.
Some possible justifications for these results have been identified, such as the
additional rest between repetitions that causes decreases in HR (Aguiar et al., 2012)
and a pacing effect that can induce players to set the pace of the game (Carling et al.,
2008). In addition, the duration of repetitions may be a determining factor to be
considered, as shorter and successively shorter repetitions appear to cause lower % max
HR compared to longer repetitions (Bujalance-Moreno et al., 2019; Hill-Haas et al.,
2009; Koklii, 2012). Contrary to this evidence, a study comparing the use of longer and
shorter repetitions found that the physiological responses were similar (Koklii, 2012).
On the other hand, SSG could induce various responses in the external load. A previous

study, which compared the SSG and a regular game performance, concluded that the
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level of intensity during the regular soccer game was higher compared to the
performance of the SSG, although the distance covered per minute was greater during
the SSG (Castellano et al., 2012). Another study (Aguiar et al., 2012) observed that a
reduction in the number of players participating in the SSG caused a decrease in the
distance covered and the amount of sprints performed. Other investigations (Aasgaard
& Kilding, 2018; Cihan, 2015) reported that the inclusion of defensive strategies (e.g.,
man-to-man marking) by the coach promoted an increase in the total distance covered,
namely at high intensities, while the inclusion of goalkeepers caused an increase in the
number of accelerations (Casamichana et al., 2013).

Although the choice of training method is a fundamental factor in defining the training
load, the recovery time between repetitions also plays an important role in the training
load imposed by the exercise, and should be carefully analyzed by the coaches. Given
that the ability to maintain high intensities during exercise, depends on the recovery
from repetitions of previous exercises (Balsom et al., 1992). Kokli et al. (2015)
reported that, when a coach selects the fractionated training method, the number of
repetitions and duration of repetitions is considerably affected by the physical demands
of the tasks. These results were corroborated by a study that investigated the effects of
different recovery periods of 1, 2, 3, and 4 min, respectively (Koklii et al., 2015). The
same conclusions were drawn from a study that had recovery periods of 30 s and 120 s
and aimed to analyze variation in HR, the effects of oxygenation on muscles, and the
movement demands resulting from the task (McLean et al., 2016). In this respect,
exercise duration and recovery time may be determining factors for controlling the
training load and consequent physical and physiological responses.

Overall previous studies have allowed coaches better control of training load during
SSGs; however, some questions remain unanswered, such as those relating to the use of
the continuous and fractional methods as well as, for example, the manipulation of
three critical variables related to the SSG prescription: time duration, interval of rest,
and number of repetitions. The current data highlight some lack of consensus in the use
of both methods and remain inconclusive regarding the effects of manipulation on the
variables identified and further studies are needed to clarify the topic due to its
importance for training manipulation and control.

Following a new line of investigation, one recent study (Branquinho et al., 2020), which
sought to respond to existing gaps in the literature, propose new evidence that can be
extremely useful for coaches in the prescription and control of training load during the
performance of SSG. In this study (Branquinho et al., 2020), the effects of the
continuous and fractionated formats on the training load were investigated during the

performance of a five-a-side SSG involving professional soccer players. The players
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performed the same exercise using the continuous (1 x 24m) and fractionated (2 x 12m;
4 x 6m and 6 x 4m) method, and the results indicated that the use of the continuous
method has a tendency to cause less impact on internal and external loads.
Furthermore, the authors state that the increase in exercise fractionation through the
fractionated method induced increases in the external load. In general, the study
revealed that the application of SSG by the fractionated method tends to cause greater
training load while performing SSG. The results (Branquinho et al., 2020) emphasizes
the importance of the coach in choosing the training method to be used, since the
correct manipulation of this variable helps in the management of exercise fatigue and
in the increase or decrease of the resulting training load . In addition, it introduced a
new paradigm that uses both training methods. According to the author (Branquinho et
al.,, 2020), the fractional method with short repetitions is appropriate if the coach
intends to achieve high physical performance and high training load responses for the
training unit. Conversely, if the objective is to perform careful management of the
players' effort, to reduce the imposed training load, or to focus players on learning
content (e.g., tactical components), then the continuous method should be used. This
study suggests new approaches for the use of the continuous and fractionated training
method, as well as the importance of optimal recovery time when utilizing a five-a-side
SSG format.

Suggestions for further research

Following a new trend of investigation, and in order to respond the gaps in the
literature, future research can focus on the relationship between exercise and recovery
durations during SSG in soccer, since the manipulation of time duration, interval of
rest, and number of repetitions are variables with lack of study and little consensus.
Particularly and according to the literature gap, it may also be relevant to study the
effects of the fractionated method in SSGs when considering the same total duration of
exercise (total and in each repetition) and manipulating different recovery times. Other
objectives can be tested: i) understanding and comparing the impact of a team's playing
style on training load indicators, tactical behavior, and technical performance resulting
from SSG applied by different methods; ii) comparing possible differences in the
perception of the players' effort in performing different fractionated SSG formats with
the same total duration and different recovery time; and iii) investigating changes in
technical and tactical components based on the use of different training methods. Some
of findings could provide new insights for researchers, coaches, and athletes to improve

training efficiency and optimize performances.
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Chapter 3

Experimental Studies

Study 2 - Comparison Between Continuous and Fractionated Game
Format on internal and External Load in Small-Sided Games in

Soccer

Abstract

This study aimed to identify the effects of continuous and fractionated game formats on
internal and external load in small-sided games in soccer. Twenty male professional
soccer players participated in the study performing the same exercise (5 vs. 5 players)
continuously (1 x 24 min) and in a repeated/fractioned manner (2 x 12 min, 4 x 6 min,
and 6 x 4 min). A comparison between playing conditions was assessed by means of
standardized mean differences calculated with combined variance and respective
confidence intervals of 90%. The limits for the statistics were 0.2, trivial; 0.6, small; 1.2,
moderate; 2.0, large; and >2.0, very large. The results indicate that the use of the
continuous method seems to present the tendency of less physical impact on the
internal and external loads compared to the fractionated method. In addition, the
higher number of exercise repetitions in the fractionated method was found to increase
the external load compared to the continuous method. This study showed that
application of small-sided games by the fractionated method tends to result in higher

training loads.

Key-Words: soccer; training load; external load; internal load; continuous method;

fractionated method.
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Introduction

Football is characterized as an intermittent sport modality involving frequent actions of
high intensity, interspersed with longer or shorter recovery periods (Bangsbo et al.,
2006). In fact, players perform average sprints of 2—4 s every 90 s during a game,
highlighting the importance of anaerobic efforts for success in the game and suggesting
these efforts’ characterization as long-term intermittent modality (Silva, Magalhaes,
Ascensao, Seabra, & Rebelo, 2013). Training methods in football have evolved over the
years (Selmi et al., 2018), from privileged exercises without a ball which develop
physical capacities to new methods and exercises which simultaneously improve
physical capacities along with technical and tactical skills in accordance with the
modern demands of the game (Aguiar, Botelho, Lago, Macas, & Sampaio, 2012). Small-
sided games (SSGs) have been increasingly used by coaches because of their benefits
and advantages, as when properly designed they can represent an effective strategy for
multi-component training (Hammami et al., 2018). Indeed, SSGs enables the
development of both physical/physiological and technical/tactical skills at the same
time (Clemente et al., 2014), thus presenting itself as a more effective training method
compared to traditional sprint training (Moran et al., 2019). These findings have
recently been corroborated by a study summarizing the effects of SSGs across 16
studies drawn from multiple sports and population types. The authors concluded that
SSGs were more effective for the development of skill and endurance than traditional
conditioning training and traditional sprinting training (Hammami et al., 2018).

Thus, the adequate design of SSGs that stresses anaerobic efforts is paramount for
promoting appropriate training stimuli according to training goals and match demands
(Buchheit & Laursen, 2013). For that, coaches should be aware of the relationship
between SSGs variables and the required training stimuli and training load (Aguiar et
al., 2015; Koklii, Alemdaroglu, Cihan, & Wong, 2017; Yiicesoy et al., 2019). Training
load control has been described as a reliable method for monitoring training stimulus
response in football (Impellizzeri et al., 2005, 2019) through the use of internal and
external load variables that can be conditioned by the manipulation of SSGs through
the number of repetitions, duration of each repetition, and duration of rest (Buchheit &
Laursen, 2013; Clemente et al., 2014; Koklii, Alemdaroglu, Cihan, & Wong, 2017;
Moran et al., 2019). In addition, the impact of such manipulations on the training load
in football and consequently on the aerobic or anaerobic demand of SSGs has yet to be
elucidated completely and needs to be investigated (Buchheit & Laursen, 2013; Koklii,
Alemdaroglu, Cihan, & Wong, 2017; Moran et al., 2019). The alteration of these
variables can be generally understood as continuous (i.e., without repetitions or rest

intervals during the exercise) or fractionated (i.e., exercise performed repeatedly and
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with rest intervals between repetitions) methods. In fact, the literature has described
that the performance of the exercise by either continuous or fractionated methods can
cause changes in the training load (Koklii, Alemdaroglu, Cihan, & Wong, 2017),
particularly by the changes that occur in the intensity distribution during the different
periods of performance (Fanchini et al., 2011). However, the differences in their
application are not yet clear (Impellizzeri et al., 2004; Koklii, Alemdaroglu, Cihan, &
Wong, 2017; Owen et al.,, 2016; Yiicesoy et al., 2019). In fact, few studies have
investigated the effects of applying the continuous or fractionated method on SSGs, and
previous results are not conclusive and differ according to the experimental design
adopted. For example, Fanchini et al. (2011) investigated the internal and external load
associated with both fractionated methods. Based on a comparison of 2-, 4-, and 6-min
fractionated exercises, the authors found higher responses to the internal training load
for 4- compared to 6-min repetitions in SSGs. In rugby, Sampson, Fullagar, & Gabbett
(2015) revealed that the number and duration of the repetitions affect the internal
(heart rate (HR)) and external (number of displacements at high speed) load in a
positive manner. Results from another study (Hill-Haas et al., 2011b) suggest that the
use of SSGs through the continuous method induce lower HR responses compared to
the fractionated method. However, Hill-Haas, Rowsell, Dawson, & Coutts (2009),
concluded that there was a higher internal load but with a lower external load when
using continuous vs. fractionated methods. In a recent study that analyzed internal and
external load variations between two fractional regimes (6 x 3 min and 3 x 6 min)
during SSGs, the results show that longer variations increase the perception of effort
and contribute to a large decrease in total running distances and total accelerations and
decelerations (Clemente, Nikolaidis, Rosemann, & Knechtle, 2019). These data
highlight that the differences in the use of both methods remain inconclusive and
further studies are required to clarify the theme (Aguiar et al., 2015; Fanchini et al.,
2011; Koklii, 2012; Owen et al., 2016; Sampaio et al., 2014). Moreover, it is interesting
to select a fractionated method to compare the same total duration, the same intervals
of rest but with different number of repetitions. Thus, the present research aimed to
study the effects on internal and external loads resulting from the application of

continuous and fractionated methods in SSGs in soccer training.

Materials and Methods

Experimental Approach to the Problem
A cross-sectional field study was used to verify the differences between the continuous

and fractionated methods with respect to internal and external load. Players were
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previously familiar with the different SSG formats and the material used. The study was
conducted for four weeks with two days’ rest after the team’s official game and after a
recovery session, to avoid the onset of fatigue. The study always took place on the same
field and the 20 players participated in all data collection sessions. The players were
distributed into two teams based on skill level and playing position to homogenize the
competitive level. The teams did not change during the study. During each session and
after a standard 15-min warm-up (Silva, Neiva, Marques, Izquierdo, & Marinho, 2018),
one of the four SSG formats was applied, with several balls distributed throughout the
field, ensuring that play continued quickly whenever the ball left the field
(Casamichana & Castellano, 2010). To best control for circadian variations on the
measured variables, all games were performed at the same time during the day (17:00—

19:00) and, during these sessions, the average temperature recorded was 20 °C.

Subjects

Twenty male professional Portuguese soccer players (age: 25.2 + 6.1 years; experience:
11.1 + 4.2 years; height: 176.2 £+ 7.3 cm; weight: 75.1 + 6.7 kg) participated in the study
during the 2018/2019 season. Their standard training involves four sessions per week
(each lasting around 90 min), in addition to a competitive match. Participants were
informed of the study design and its requirements, as well as the possible benefits and
risks, and gave their consent prior to the start of the study in accordance with the
principles of the Declaration of Helsinki for the study in humans. The study was

approved by the local ethical committee (University of Beira Interior).

Small-sided conditioned games

All SSGs were composed of a 5 x 5 player format with a constant area of 40 m x 40 m.
Four SSG formats were used in randomized order: one continuous T1 (1 x 24 min) and
three fractionated methods, namely T2 (2 x 12 min), T3 (4 x 6 min) and T4 (6 x 4 min),
with 2-min recovery between repetitions. No specific verbal instructions were provided
before, during, or after the SSGs. Ten balls were placed around the pitch to ensure a
quick repositioning if the ball in play went out of bounds. The SSGs followed official
football rules with exception of offside. The aim of each game was to outscore the

opponents.
Internal Load
Internal load was measured by recording HR (heart rate) with a GARMIN TM HR band

(Garmin Ltd., Olathe, KS, USA) with a chest strap sensor (Molina-Carmona et al.,
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2018). The mean (Av.HR) and maximum (Max.HR) values recorded in each SSG

format were considered for analysis.

External Load

External load was recorded using inertial WIMU TM devices (Real Track Systems,
Almeria, Spain). The WIMU TM is composed of different sensors for motion analysis
and tracking location under external conditions (Munoz-Lopez et al., 2017),
demonstrating a high degree of accuracy (Bastida-Castillo, Gomez Carmona, De la cruz
sanchez, & Pino Ortega, 2018). Data were analyzed using the SPRO TM analysis
program (RealTrack Systems, Almeria, Spain) and the displacement velocity was
defined in four intervals of intensity: Very Low (0—1 m/s), Low (1—4 m/s), Moderate

(4-5.5 m/s), and High/Very High (=5.5 m/s).

Statistical Analysis

A descriptive analysis of the data was performed using standard deviations.
Comparison between playing conditions was assessed by means of standardized mean
differences calculated with combined variance and respective confidence intervals of
90% (Cumming, 2012; Hopkins et al., 2009). All assumptions were confirmed before
data analysis. The limits for the statistics were 0.2, trivial; 0.6, small; 1.2, moderate;
2.0, large; and >2.0, very large (Hopkins et al., 2009). Differences in means (i.e., T1 vs.
T2, T1 vs. T3, T1 vs. T4, T2 vs. T3, T2 vs. T4, and T3 vs. T4) for each repetition and
comparison of the entire total duration of 24 min were expressed in perception units
with 90% confidence limits (CL). The smallest differences found were estimated from
standardized units multiplied by 0.2. The probabilities were used to make a qualitative
probabilistic mechanistic inference about the real effect; that is, if the effect
probabilities were substantially higher and lower were both > 5%, the effect was
reported as uncertain. Otherwise, the effect was clear and reported as the magnitude of
the observed value. The scale was as follows: 25-75%, possible; 75—-95%, likely; 95—
99%, very likely; and >99%, most likely (Hopkins et al., 2009).

Results

Table 2 and Figure 1 show the variations in internal and external load between SSG
formats T1 vs. T2, T1 vs. T3, T1vs. T4, T2 vs. T3, T2 vs. T4, and T3 vs. T4. Overall, the
fractionated method revealed a higher impact on the external load and subtle changes
in the internal load of the players. It is apparent that, for the same time of exercise, the
higher was the number of repetitions, the more internal load was imposed on the

players.
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Figure 1. Standardized Cohen’s differences for comparative results of the [T1] vs. [T2], [T1] vs. [T3], [T1]
vs. [T4], [T2] vs. [T3], [T2] vs. [T4] and [T3] vs. [T4] SSGs. Error bars indicate uncertainty in true mean

changes with 90% confidence intervals.

Troetal Distance meters

Mux. Speed nu's

Max. HR bomin-1

Av.HE hemin=1 A

Very Low mefers

Lot meders

Wleslerate meters

HYH meters A

Total Distance meeters
i T R I
Man. HR b.nsin-1

Av. HR honyin-1

Very Law meeters
Luw melers

Ml erate meters

HYH msters

Tatal Distance meters
Man Spe il mus
Max. HR hoims 1
Av.HER h.mim-1

Very Low meters
Loy micters
Mailerute mheters

HYH meters

T4 vs T2 (2002 TH(24) ve T3 (436}

.
—_—— =
| (SN ]
—a— -
—— —a—
[t ] ——
— — .
— eoo. J
T T e T PO A2 On-BZona 132

Standardizenl (Lolen's o Lableremes Stmchardisasd (Cohen's 3 Dilferences

T1i24°) vs T4 (6xd) T2i2x127vs T3 (4x67)

—— =
. .
e ——i —a—
— —a—
P | ———
L - 1 e l—i
— e
i B S
-l-: .II-_u.I;;‘] ||-l2\ |-: - |. 2 -||..I'--|:.1T|_'-L ||.l'- | .l

Standardised (Cohen's o) Didfenences Standnrdised { Cohen’ s o Differences

T2 (212 pvs T {ind} T3 (dai") vs T {ixdy

— o —
« ——
C—. e
—— i

—— i
—_—— ——
- ¥ * |
e [

A3 G003 66 12 =12

G202 06 12

Stamidandised (Coben's of | Diffonenves Stanclardised (Cohen's ) Differemces

34



Table 2. Descriptive statistics on the different condition variables

Change in
Variables 2 ’Tellme 2x12T2ame x6:r3ame 6x. :r4ame mean
4’ g 8 4x6° g 4 & (%; 90% CL)
a) 79,1; £74.7*
b) 116.8; +100.3*
Totillg[li:nce 2254.5+167.1 2333.60+116.7 2371.28+283.4 2194.9+839.12 ©) -59:6 £ 327.6

d) 37.7+118.3

e) -138.7+319.3

f) -176.3+257.0%

a) 0.7; £1.0%

b) 0.5; £1.0

Max. Speed kh.h- ¢) 0.1; £ 0.8
1

6.05+0.52 6.24+0.59 6.20+0.49 6.06+0.54

d) -0.1 +1.0

e)-0.6 +1.1

f) -0.5 £0.9

a) 2.4; +4.4

b) 4.7; +4.1%*

¢) 3.6; + 5.0%

Max. HR b.min! 181.95+9.07 184.34+10.03 186.60+10.55 185.55+11.16 d) 2.3 +5.0

e) 1.3 +5.5

f) -1.1 £2.6%

a) 2.8; +5.0%

b) 1.3; +4.7

Av. HR b.min™! 152.7+18.20 155.45+16.90 154.00+19.23 155.15+15.16 €) 2.5 % 7.3

d) -1.5+ 4.5

e) -0.3+5.6

f) 1.2+6.9

a) -11.7+24.4

b) 15.0£20.0*

*%
Very Low meters 262.06+£32.03 250.33+50.95 277.06+55.26 309.06+93.41 ©) 47.0%38.2

d)26.7+20.1%*

e) 58.7+27.5%**

f) 32.0+26.0%*

a) 168.7+92. 5%**

b) 215.4+55.7

c)
Low meters 1822.10+176.05 1990.80+171.27 2037+180.68 2063.83+389.43 241.74140.0%**

d) 46.7 + 86.2*%

e) 73.0+ 187.3

f) 26.3+ 153.9

a) 13.6 + 19%

b) 27.5+ 24.6%*

Moderate meters 143.95+45.66 157.52+58.25 171.43+65.74 153.88+68.25 €) 9.9 + 24.6

d) 13.9+32.1

e) -3.6x£28.9

f) -17.5+22.3*

a) 4.8+ 6.5

b) 6.1+ 8.1*

c) 4.6+ 5.7%
H/VH meters 12.19+12.27 17.03+15.94 18.26+18.85 16.80+14.42 d) 1.0+ 7.6

e) -0.2+ 5.9

f) -1.5+ 6.4

Note: Differences in means ((%); +90% CL) are identified as: (a) T1 vs. T2; (b) T1 vs. T3; (c¢) T1vs. T4; (d)
T2 vs. T3; (e) T2 vs. T4; and (f) T3 vs. T4. Asterisks indicate the uncertainty in the true differences as
follows: * possible, ** likely, and *** very likely
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Internal Load

The result of the internal load analyses revealed that the Max.HR of the players showed
a possible increase of 4.7 + 4.1 and 0.6 + 5.0 (small effect) when comparing T1 vs. T3
and T1 vs. T4, respectively. However, a possible decrease of —1.1 + 2.6 (trivial effect)
was demonstrated by comparing T3 vs. T4. The Av. HR of the players revealed a

possible 2.8 + 5.0 increase (trivial effect) for T1 vs. T4.

External load

The results of total distance revealed possible increases of 79.1+74.7 (trivial effect) and
116.8 + 100.3 (small effect) for T1 vs. T2 and T1 vs. T3, respectively, and a possible
decrease of —176.3 + 257 (small effect) for T3 vs. T4. Regarding the maximum speed, a
possible increase of 0.7 + 1.0 (small effect) for T1 vs. T2 methods was observed.
Analysis of the very low-intensity travel speed revealed possible 15.0 + 20.0 (small
effect), 47.0 + 38.2 (moderate effect), 26.7 + 20.1 (small effect), and 32.0 + 26.0 (small
effect) increases and a most likely 58.7 + 27.5 (moderate effect) increase for T1 vs. T3,
T1 vs. T4, T2 vs. T3, T3 vs. T4 and T2 vs. T4, respectively. Similarly, the low-intensity
displacement velocity analysis revealed most likely increases of 168.7 + 92.5 (moderate
effect) and 241.7 + 140.0 (moderate effect) and a possible increase of 46.7 + 86, 2
(trivial effect) for T1 vs. T2, T1 vs. T4, and T2 vs. T3, respectively. Analysis of moderate-
intensity displacement velocity revealed a possible increase of 13.6 + 19 (small effect)
and a likely increase of 27.5 + 24.6 (small effect) for T1 vs. T2 and T1 vs. T3,
respectively. In addition, a possible reduction of 17.5 + 22.3 (small effect) was revealed
for T3 vs. T4. Analysis of high-intensity displacement velocity revealed possible
increases of 4.8 + 6.5 (small effect), 6.1 + 8.1 (small effect), and 4.6 + 5.7 (small effect)
for T1vs. T2, T1 vs. T3, and T1 vs. T4, respectively.

Discussion

Overall, the use of the continuous method seems to present the tendency of less
physical impact on the internal and external loads compared to the fractionated
method. In addition, the increase in the number of exercise repetitions in the
fractionated method was found to increase the external load compared to when using
the continuous method. This latter method presented the tendency of the decreased in
the distances travelled with different intensities. Regarding the HR responses, the data

were trivially different, suggesting punctual variations between methods.
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Internal Load

HR analysis revealed differences in Max.HR when comparing T1 vs. T3 and T1 vs. T4
formats, suggesting that it may be conditioned using the fractionated method, rather
than the continuous method. Thus, evidence was provided in our study that the
fractionated method performed by short repetitions (e.g., 4 min) induces further
changes in Max.HR. Emphasizing the differences between continuous or fractionated
methods, differences were found in a 3 x 3 format SSG study where longer repetitions
(3 x 6 min/2 min rest) decreased Max.HR compared to shorter repetitions (3 x 2
min/2 min rest) (Fanchini et al., 2011). Our results appear to reinforce the suggestion
that the increase in total recovery time between exercises allow players to reach a
higher intensity during exercises. This proposal was supported by previous studies
when the results of Max.HR were crossed with intensity displacement velocity during
the exercises, because the Max.HR were related to the increase in the pace of the game
and the high-intensity actions of players (Clemente et al., 2019). Despite the considered
variations in Max.HR responses, it is difficult to quantify the internal load variation
based only on the use of continuous or fractionated methods, and other variables may
be useful in future studies. However, the results appear to indicate that variations in
Max.HR seems to be related to the use of specific 4 x 6 min and 6 x 4 min fractionated
methods, thus increasing HR compared to the other longer fractionated (2 x 12 min)
and continuous (1 x 24 min) methods used. These data suggest that fractionated
methods can to induce a higher internal training load and rest periods between
repetitions can be useful in recovery, allowing for increased physical responses in
subsequent repetitions. However, the analysis of Av.HR of the present study and some
results of previous studies seem to present some divergent data. In a study conducted
with national junior soccer players, no differences in physiological responses (internal
and external training load) between continuous and fractioned methods were observed
(Christopher et al., 2016). Similarly, Hill-Hass et al. (2009) found no differences in
physiological responses between the use of continuous and fractionated methods
during SSG. These results are supported by a recent study, where three different sets of
players performed exercises by both continuous and fractionated methods, and the
physiological responses remained constant regardless of the training method used
(Koklii, Alemdaroglu, Cihan, & Wong, 2017). In addition, higher internal training load
during continuous SSG performance are described, compared to the fractionated
method (Koklii, Alemdaroglu, Cihan, & Wong, 2017). Furthermore, the Av.HR results
found in the present study are also somewhat contradictory. These differences are even
more evident if we compare our findings with what was previously reported by

Montgomery, Pyne, & Minahan (2010), where high correlations between training load
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and HR responses were described. Our study does not follow this pattern because
players’ physical responses appear to be higher in the fractionated method (higher
Max.HR) but Av.HR responses tends to remain constant between the two training
methods. Differences in protocol design and the fact that the HR may be sensitive to

these differences may explain these results.

External load

The results of external load related to the intensity of the displacements performed
revealed that there is a tendency (from “possible” to “likely”) for higher values in the
different displacement variables speeds by the use of the fractionated method
compared to the continuous training method. The differences found may be due to the
additional passive rest period between each repetition, which has a beneficial impact on
delaying the impact of fatigue on players. This ability may have contributed to an
improved physiological recovery of the body, including phosphocreatine resynthesis,
the removal of metabolic by-products, and immobilized potassium in the muscle
(Bangsbo, 1993; Bangsbo et al., 2006; Mohr, Krustrup, & Bangsbo, 2005). The results
suggest that the rest period between 2 and 4 min was adequate for maintaining high
intensity levels and maximizing energy phosphates as the primary energy source during
exercise (Billaut et al., 2011). In addition, it has been previously shown that
testosterone and cortisol respond to metabolic stress associated with SSGs, and some
authors suggest that these hormonal changes may affect performance (Thorpe &
Sunderland, 2012; Walker et al., 2010). Thus, it is important to ensure an optimal total
duration of exercise, with the number of repetitions and time of each one being
correctly adjusted to avoid acute responses of the above hormones. Regarding the total
distance travelled, a higher total distance was identified in two formats performed in
the fractionated method (T2 and T3, with a “possible effect”) compared to the
continuous method. These data are in agreement with what was previously described
by Hill-Haas et al. (2009), who showed evidence of an increased total distance travelled
during fractionated compared to continuous methods. These findings suggest that the
continuous method tends to reduce the physical loads imposed on players, a result that
can be explained based on the rest periods used in the fractionated method. However,
when comparing the three fractionated methods, it can be inferred that, for this
variable, the 4 x 6 min fractionated model presents a higher level of variation,
specifically in the distance travelled. These data suggest that the exercise fractionation
should not be too long or too short in relation to the total time, suggesting that 1/4 of
the total exercise time per repetition is sufficient to guarantee high levels of physical

demands consistently. This approach appears to contribute to the optimization of
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energy systems that support high-intensity explosive actions (Clemente et al., 2017).
The maximum speeds between the methods do not seem to change significantly. The
data indicate that the ability of players to reach high speeds is independent of the use of
continuous or fractionated methods, possibly because the field size is reduced (40 m x
40 m), making it impossible for players to reach higher speeds. In the future, variations
in the internal and external loads during SSGs performed by both continuous and
fractionated methods in other game formats, with different manipulations of rules and
constraints, may be analyzed to develop and clarify the theme. This study highlights the
importance of the coach’s choice when performing exercise by continuous or fractional
methods. Coaches can manipulate this variable in order to manage the effect of exercise
fatigue and increase or decrease exercise training load. For example, if the coach wants
to maintain high physical performance and high training load responses in order to
prepare players for a game’s demands, they should choose the fractional method of
exercise with short repetitions. However, if the coach wishes to carefully manage the
players’ efforts (e.g., post-competition muscle regeneration training) and decrease the
response to the training load, they should use continuous exercise. If the coach wants to
create an exercise with a lower training load, allowing players to focus more on learning
other components over the duration, it would be more appropriate to select a
continuous exercise (for example, 24 min). However, if the goal is to constantly provide
adaptations to the game environment, highlighting what occurs during the game, the
exercise should be performed in shorter repetitions (e.g., 4 x 6 min). Future studies
should use the potential of this research to provide coaches with additional
information, such as the impact on tactical behavior resulting from the application of
both methods.

Conclusions

Application of SSGs by the fractionated method results in higher internal (small
increments) and external (except very low intensities) loads. If trainers are seeking
higher internal and external loads in a 5 x 5 SSG situation, the fractionated method
would be the most appropriate one because continuous and longer exercise durations
appear to be directly linked to a decrease in internal and external loads. However, it is
important to note that the choice of one method always depends on the coach’s specific
goals for the training session because there are numerous possibilities where both
methods can be beneficial for performance enhancement. In addition, the increase in
the number of exercise repetitions in the fractionated method seems to increase the

external load compared to when using the continuous method during the same time of
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exercise duration. HR monitoring does not appear to be a suitable variable for

assessing SSG load or intensity.
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Study 3 — Effects of different recovery times on internal and external

load during small-sided games in soccer

Abstract

Background: The ability to maintain a high intensity of exercise over several
repetitions depends on recovery from previous exercises. This study aimed to identify
the effects of different recovery times on internal and external load during small-sided

soccer games.

Hypothesis: An increase in recovery time will increase the external training load and
decrease the internal exercise load, which will result in a greater physical impact of the

exercise.
Study design: Cross-sectional study
Level of evidence: Level 2.

Methods: Twenty male semiprofessional soccer players participated in the present
study. They performed the same exercise (5-a-side game format) continuously (1 “ 18
minutes) and repeatedly/fractionated (3 ~ 6 minutes) with different recovery times (30
seconds, 1 minute, 1.5 minutes, and 2 minutes). Their internal load (i.e., average heart
rate (HR) and maximum HR) and external load (i.e., total distance, maximum speed, and
ratio meters) were measured using an HR band and an inertial device equipped with a

global positioning system, respectively.

Results: The manipulation of recovery times induced differences in the internal and
external load. For the same total duration, the external and internal load indicators
exhibited higher values during the fractionated method, particularly with short recovery

periods.

Conclusions: The application of small-sided soccer games with different recovery
times induced varying responses in training load. To maintain high physical
performance and high training load, the fractional method with short recovery periods
(i.e., 30 seconds) should be used. In contrast, to carefully manage players’ efforts and
decrease response to training load, continuous or fractional methods with longer

recovery periods (i.e., 1-2 minutes) should be used.

Clinical relevance: The proper prescription of recovery time between exercises

facilitates enhanced training efficiency and optimized performance.
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manipulation.

Introduction

In soccer, the capacity of players to continuously promote tactical and strategic
adaptations to game dynamics requires high levels of physical conditioning. Small-side
games (SSGs) (Hill-Haas et al., 2009; Katis & Kellis, 2009) have been proposed as a
tool for developing such capabilities in the context of performance while highlighting
similar combinations of the technical, tactical and physical abilities required in full-
sized matches (Aguiar et al., 2008; Clemente et al., 2014; Katis & Kellis, 2009). SSGs
enhance technical and tactical development as well as specific fitness capacities such as
endurance (aerobic and anaerobic) and agility (Hill-Haas et al., 2009). Based on
previous research, SSGs are favoured by soccer coaches to improve players’
performance (Clemente et al., 2014; Dellal et al., 2011; Katis & Kellis, 2009; Koklii et
al., 2015; Los Arcos et al., 2015)

Indeed, SSGs have shown characteristics that allow the optimization of tactical and
physical components (Aguiar et al., 2008). In addition, previous research has shown
that manipulation of SSG duration and recovery periods between repetitions (Koklii et
al.,, 2017) (i.e., continuous or fractionated methods), previous information about
exercise duration (Ferraz, Gongcalves, Coutinho, et al., 2018; Ferraz, Goncalves, Van
Den Tillaar, et al., 2018), and other variables (i.e., pitch size, number of players, coach
encouragement, rules or using goalkeepers) allow different SSG intensities and
technical/tactical adaptations (Clemente et al., 2014; Koklii et al., 2017).

Due to the variety of behaviours required in SSGs, exercises without any control could
promote soccer players’ fatigue (Pellegrino et al., 2018). Progressive decreases in
showed less homogeneity in heart rate (HR) for a recovery time of 2 min. In another
investigation, (McLean et al., 2016) analysed the effect of increasing the recovery time
from 30 s to 120 s during SSG repetitions and concluded that there were no changes to
the HR parameters between the analysed conditions. heart rate, running intensity and
distance covered have been associated with decreased training load and increased
fatigue (Bangsbo et al., 2006). From a physiological perspective, blood lactate and H+
accumulation, glycogen depletion, phosphocreatine (PCr) depletion, dehydration,
intramuscular acidosis and insufficient Ca2+ within muscles, were indicated as factors
that may contribute to the accumulation of fatigue during each exercise repetition

(Alghannam, 2012; Pellegrino et al., 2018; McLean et al., 2016). Moreover, neural
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transmission failures, motivational mechanisms, and practice contexts -3° have also

been associated with fatigue and increased need for load control during exercise.

Thus, the correct manipulation of SSG duration and recovery periods between
repetitions according to the physical effort defined for the exercises should be ensured
by coaches since the ability to manipulate or maintain a high exercise intensity across
multiple exercise repetitions is dependent on the recovery from previous exercise
(Balsom et al., 1992). A previous study (KoKklii et al., 2015) found that shorter recovery
periods induced greater internal loads and increased displacement at low intensity in
young soccer players when comparing three-a-side SSG formats performed on an 18 x
30 m field over four repetitions (4 min per repetition) with passive recovery times of 1,
2, 3 or 4 min between repetitions, respectively. Another investigation carried out with
senior players (who played in the 2nd Australian division) did not show differences in
physiological and technical indicators for different recovery times (30 seconds and 120
seconds) under repetitions of 6 x 2 min performed in three-a-side SSGs on a 15 x 20 m
field (McLean et al., 2016). Dellal et al. (2011) used rest periods of 1, 1.5 and 2 min
between similar repetitions in two-, three- and four-sided games, respectively, and
their results

The results obtained from the aforementioned studies were distinct and inconclusive
since different physical responses and varying impacts on training load were noted.
Some of the discrepancies between related studies could be attributed to the different
conditions used (e.g., goals, game format, number of players, or coach encouragement)

(Dellal et al., 2011; KoKlii et al., 2015; KoKlii et al., 2015; Rampinini et al., 2007).

The existing literature suggests that variations in training load (i.e., internal and
external load) can occur during SSGs when using the continuous or fractional training
method due to variations in intensity distribution during the different periods of
execution (Dellal et al., 2012). Also, different recovery times can induce variations in
training load (Dellal et al., 2011; Koklii et al., 2015; McLean et al., 2016) since the
performance of the next repetition directly depends on the effect of the recovery period
that precedes it (Bangsbo, 1994). Additionally, since different game formats (i.e., 2-a-
side to 10-a-side) induce different training load responses (i.e., internal and external
load) (Branquinho et al., 2020; Casamichana et al., 2013; Koklii et al., 2015; Koklii et
al., 2017), we consider that it may be important to verify the effects of different recovery
periods in specific game formats (e.g., five-a-side). To the best of the authors’
knowledge, no previous study has investigated the effects of recovery time in the five-a-

side format, which has been described to induce physiological responses similar to a
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real game situation (80 to 90% maximum HR) (Clemente et al., 2014)(Owen et al.,
2004) and cause higher perceived exertion values when compared to four-a-side and
six-a-side formats (Sampaio et al., 2014).

Therefore, the present study aimed to investigate the effects of different recovery
durations between repetitions of five-sided SSGs in training load on semi-professional
soccer players. This study hypothesised that increasing recovery time will increase the
external training load and decrease the internal load of the exercise, thereby leading to
a higher physical impact of exercise (i.e., higher indicators of training load) due to a
higher capacity for the removal of metabolic waste and the resynthesis of
phosphocreatine resulting in the higher physical and physiological responses of players

throughout the exercise process.

Methods

Experimental Approach to the Problem

A cross-sectional field study was used to examine the differences between a continuous
format (1 x 18 min) and a fractionated (3 x 6 min) time distribution in terms of the
internal and external loads of players playing SSGs (five-a-side). The fractionated
method was performed four times with different recovery times (30 s, 1, 1.5 and 2 min).
Players were divided based on their positions, tactical/technical levels and physical
capacities (Ferraz, Goncalves, Coutinho, et al., 2018). Teams’ constitutions and
respective opponents were maintained throughout the study. The aim of the game was
to outscore the opposing team. The external load of the players was measured using a
global positioning system (GPS).

The present study was conducted using an adapted version of the protocol used by
(Branquinho et al., 2020) over a 5-week period (in April and May) during the in-season
(2018/2019). During the weeks before the experiment, players were familiarised with
the different SSG formats and materials used in this study. Five training sessions were
held on an outdoor artificial grass pitch during the same day and time (from 17:00 until
19:00; average recorded temperature: 14°C) over five different weeks to control for the
fatigue, cardiac variation and work performed in preceding days. After a standard 15-
min warm-up, one of the five SSG formats was played in randomised order during each
session. During the SSGs, coaches did not provide any encouragement. Additionally,
several balls were distributed around the edge of the pitch to maximise the effective
playing time by ensuring that play could quickly resume whenever a ball went out of
play (Casamichana & Castellano, 2010). During rest periods of the intermittent SSG

format, water was allowed and provided to players.
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Subjects

Twenty male semi-professional soccer players (age 23.9 years + 2.1; height 1.78 m +
0.06; body mass 75.7 kg + 5.8) with 10.1 years + 3.8 of experience participated in the
present study during the in-season (2019/2020). The regular training of the team
involved four sessions during the week (lasting approximately 9o min) as well as a
competitive match. All players were informed of the study design and its requirements
as well as the possible benefits and risks. In order to gain approval from the local ethics
committee and follow the principles of the Declaration of Helsinki for human studies,
all players had to provide written informed consent before the commencement of the

study.

Data collection

All SSGs involved five-a-side soccer (with goalkeepers) with the aim of scoring as many
goals as possible, as per the method described by (Branquinho et al., 2020;
Casamichana et al., 2013). The field area was kept constant during the study (40 x 40
m), as per the method described by (Branquinho et al., 2020). Two SSG formats were
used: one continuous (SSGCONT - 1 X 18 min) and four fractionated (SSG30 -3 X 6
min + 30 s of recovery time between sessions; SSG60 - 3 X 6 min + 1 min of recovery
time between sessions; SSG9o - 3 X 6 min + 1.30 min of recovery time between
sessions; SSG120 - 3 X 6 min + 2 min of recovery time between sessions). All SSGs

were monitored to evaluate the internal and external load of each format.

Internal Load

The internal load was measured by recording HR using a GARMIN™ HR band
(Garmin Ltd., Olathe, KS, USA), which sent data to the inertial device via Ant+
technology (Molina-Carmona et al., 2018). The average HR (HR Avr) and maximum

HR (HR Max) values registered in each SSG format were considered for analysis.

External Load

The external load was recorded using WIMU™ inertial devices (Real Track Systems,
Almeria, Spain). WIMU™ incorporates a GPS chipset that tracks players locations in
outdoor conditions (Mufioz-Lopez et al., 2017) with high accuracy (50 cm) (Bastida
Castillo et al., 2018). Variations in external load (e.g., total distance, max speed and
ratio meters) were recorded by tracking data via GPS with a sample frequency of 10 Hz.
Data were analysed using the SPRO™ analysis program (Real Track Systems, Almeria,
Spain) and the velocity was adjusted in four intensity ranges: moderate [12—18 km/h],

high [19—21 km/h], very high [22—24 km/h] and maximum speed [>24 km/h].
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The collected data were imported into a computer and analysed using SPRO™ (Real

Track Systems, Almeria, Spain).

Statistical Analyses

A descriptive analysis was performed and standard deviations were determined.
Comparisons between the different game formats were inferred through standardised
mean differences computed with pooled variance and respective 90% confidence
intervals (Cumming, 2012; Hopkins et al., 2009). The limits for statistics were set at:
trivial [0.2]; small [0.6]; moderate [1.2],; large [2.0], and very large [>2.0] according to
the method described by Hopkins et al.(Hopkins et al., 2009). The differences in means
(i.e., SSGCONT vs SSG30SSGCONT vs SSG60, SSGCONT vs SSG9o, SSGCONT vs
SSG120, SSG30 vs SSG60, SSG30 vs SSG9o, SSG30S vs SSG120, SSG60 vs SSGY9oO,
SSG60 vs SSG120 and SSG90 vs SSG120 sessions for each condition) and comparisons
across all conditions were expressed in percent units with 90% confidence limits (CLs).
According to the methodology of (Batterham & Hopkins, 2006), the smallest
observable differences were estimated from the standardised units multiplied by o0.2.
Probabilities were used to make a qualitative probabilistic mechanistic inference about
the true effect (i.e., if the probabilities of the effect being substantially higher and lower
were both > 5%, the effect was reported as unclear; if not, the effect was clear and
reported as the magnitude of the observed value) (Ferraz, Goncalves, Coutinho, et al.,
2018). The scale was: possible [25—75%]; likely [75—95%]very likely [95—99%]; most
likely >99%.(Hopkins et al., 2009).

Results

The results (Table 3 and Figure 2) show the variation in training load between SSGs
(i.e., SSGCONT vs SSG30, SSGCONT vs SSG60, SSGCONT vs SSG9o, SSGCONT vs
SSG120, SSG30 vs SSG60, SSG30 vs SSG9o, SSG30 vs SSG120, SSG60 vs SSG9O,
SSG60 vs SSG120 and SSG9o vs SSG120). In general, the fractionated method revealed
a higher impact on the external load and subtle changes in the internal load of the
players. However, for the same duration of exercise during SSGs, short recovery

periods (i.e., 30 s) induced significantly higher internal and external loads on players.
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Table 3. Descriptive statistics on the different condition variables

SSGCONT SSG30 SSG60 SSG9o SSGi120 Change in mean
Variables 18" game 3x 6" game 3x 6" game 3x 6" game 3x 6" game o ‘g o
Conti P ; 2 ; (%; 90% CL)
ontinuous 30 recovery 1 recovery 1 30 recovery 2 recovery
Max. HR a) 5.8 +4.8%*1; b) 1.9 £4.6; ¢)4.0+4.5**1; d)1.9+4.5; e)-4.0
bn{in-l 183.50 + 11.67 189.30 + 11.67 185.35 £ 9.23 187.50 £ 6.45 185.40 + 9.93 + 4.4%* | f) -1.8 + 3.5% |; g) -3.9 + 4.2**|; h) 2.2 + 3.3* 1;
’ i)o1+4.1; j)-21+27%]
Av. HR a)7.0+6.2**1; b)0.7+6.4; ¢)3.1+6.3;d)21+£57; e)-6.3=
b Iﬁin-l 165.70 + 14.79 172.65 + 8.59 166.40 + 12.12 168.75 + 7.59 167.75 + 10.07 4.9**£) -3.9 £ 3.8%*1; 8)-4.9 £ 4.4 1; h)2.4+4.7; 1)1.4+5.4;
’ j)-10+31%]
Total a) 92.1 + 76.2** 1; b) -37.2 + 83.1; ¢) -65.3 + 112.2; d) -36.4 +
Distance 2033.25 £ 174.58 2125.35 + 161.60 1996.05 + 173.22 1968 + 221.83 1996.90 + 245.11  123.9; €) -129.3 + 49.1%*** | f) -157.4 + 77.8%**|; g) -128.5 +
meters/min 84.6*** |; h) -28.1 + 78.9; i) 0.9 + 85.8; j) 28.9 + 35.5* 1
Max. Speed a) 0.2 £ 0.8; b) 0.0 + 0.9; ¢) -0.4 + 0.8; d) 0.7 + 0.9** 1; €) -0.2 +
kfn/Il)l 24.43+ 1.33 24.60 + 2.04 24.43 + 1.84 24.07 £ 1.95 25.16 + 1.91 1.0; f)-0.5 + 1.0; g) 0.6 £ 0.9* 1; h) -0.4 +0.8; i) 0.7 £ 0.6** 1;
j) 1.1+ 0.6%*%%1
Moderate a) 47.5 + 39.0%* 1; b) 2.4 + 41.9; ¢) -11.2 + 47.5; d) 30.0 £ 50.0% 1;
464.41 £ 101.07 511.96 + 113.33 466.83 £ 110.92 453.22 + 118.71 494.43 + 127.64 e) -45.1 + 37.7%% |; ) -58.7 + 48.9%*|; g) -17.5 + 52.2;
meters . .
h) -13.6 £ 43.1; 1) 27.6 £ 42.0%1; J) 41.2 + 31.7%% 1
a) 15.7 + 16** 1; b) 13.6 £ 14.9%* 1; ¢) 7.4 £ 11.4* 1; d) 17.0 + 17.2**
High Meters 68.74 + 29.97 84.39 + 40.47 82.34 + 37.64 76.15 + 36.81 85.76 + 41.58 1 e)-2.1+14.9; f)-8.2 £ 12.0% |; g) 1.4 + 11.3; h) -6.2 + 9.9* |; 1)
3.4 £12.6;)) 9.6 + 12.6* 1
Verv High a) 10.3 + 9.4%* 1; b) 11.5 + 8.4%* 1; ¢) 8.4 £ 7.4** 1; d) 9.1 + 6.8%* 1;
n?e,ter;é 17.85 + 12.00 28.11 + 25.47 29.33 + 21.78 26.25 £ 20.67 26.90 + 15.09 e) 1.2 + 98; f) -1.9 + 7.9; g) -1.2 + 6.8; h) -3.1 + 5.6* |;
i)-2.4+7.3; ) 0.7+£5.8
Max. a) 3.6 £ 2.6**1; b) 3.3 £ 3.4%* 1; ¢) 0.3 £ 1.8; d) 3.7 £ 2.6** 1; e) -
Intensity 2.98 + 4.18 6.61 + 8.81 6.26 + 8.52 3.33 + 4.92 6.72 £ 7.25 0.3 + 3.8; ) -3.3 + 3.1** |; g) 0.1 £ 3.6; h) -2.9 £ 3.0** 1; 1) 0.5
meters 4.0; j) 3.4 £ 2.4%* 1

Note: Abbreviations and symbols: CL=confidence limits; | =decrease; 1 =increase. Differences in means ((%); + 90% CL) are identified as: a) SSGCONT vs SSG30; b) SSGCONT vs SSG60;
¢) SSGCONT vs SSG9o0; d) SSGCONT vs SSG120; €) SSG30 vs SSG60, f) SSG30 vs SSG90; g) SSG30 vs SSG120; h) SSG60 vs SSG90; i) SSG60 vs SSG120; j) SSG9o vs SSG120 (*) Indicate
the uncertainty in the true differences are as follows: *=possible , **=likely , ***= very likely, ****=most likely
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External load

Regarding the total distance covered, the results revealed a likely increase of 92.1 + 76.2
m (small effect) between SSGCONT vs SSG30 and a most likely decrease of -129.3 +
49.1 m (small effect) between SSG30 vs SSG60. In the same line, there were very likely
decreases of -157.4 + 77.8 m (moderate effect) and -128.5 + 84 m (moderate effect)
between SSG30 vs SSG9o and SSG30 vs SSG120, respectively. Regarding the maximum
speed, likely increases of 0.7 + 0.9 km/h (trivial effect) and 0.7 + 0.6 km/h (trivial
effect) were observed between SSGCONT vs SSGi120 and SSG60 vs SSGi20,
respectively. In the same line, a very likely increase of 1.1 + 0.6 km/h (trivial effect) was
noted between SSG9o0 vs SSG120.

Analysis of the moderate-intensity travel speed demonstrated likely decreases of -45.1 +
37.7 m (trivial effect) and -58.7 + 48.9 m (small effect) between SSG30 vs SSG60 and
SSG30 vs SSG9o, respectively. However, likely increases of 47.5 + 39.0 m (trivial effect)
and 41.2 + 31.7 m (small effect) were observed between SSGCONT vs SSG30 and
SSG9o vs SSGi120. Similarly, the high-intensity displacement velocity analysis
demonstrated likely increases of 15.7 + 16 m (trivial effect), 13.6 + 14.9 m (trivial effect)
and 17.0 + 17.2 m (small effect) between SSGCONT vs SSG30, SSGCONT vs SSG60 and
SSGCONT vs SSG9o, respectively. Analysis of the very high-intensity displacement
velocity revealed likely increases of 10.3 + 9.4 m (small effect), 11.5 + 8.4 m (small
effect), 8.4 + 7.4 m (trivial effect) and 9.1 + 6.8 m (small effect) between SSGCONT vs
SSG30, SSGCONT vs SSG60, SSGCONT vs SSGgo and SSGCONT vs SSGi2o0,
respectively. The analysis of maximum intensity displacement velocity revealed likely
increases of 3.6 + 2.6 m (small effect), 3.3 + 3.4 m (small effect), 3.7 + 2.6 m (small
effect) and 3.4 + 2.4 m (small effect) between SSGCONT vs SSG30, SSGCONT vs
SSG60, SSGCONT vs SSG120 and SSG90 vs SSG120, respectively.

Internal load

The result of HR Max showed likely increases of 5.8 + 4.8 b.min* (moderate effect) and
4.0 £ 4.5 b.min (small effect) when comparing SSGCONT vs SSG30 and SSGCONT vs
SSG9o, respectively. However, a likely decrease of -3.9 + 4.2 b.min™ (small effect) was
demonstrated by comparing SSG9o vs SSG120. The HR Avr of the players revealed a
likely 7.0 + 6.2 b.min* increase (moderate effect) between SSGCONT vs SSG3o0.
However, likely decreases of -6.3 + 4.9 b.min (small effect), -3.9 + 3.8 b.min™ (trivial
effect) and -4.9 + 4.4 b.min* (small effect) were demonstrated by comparing SSG30 vs
SSG60, SSG30 vs SSG9o and SSG30 vs SSG120, respectively.
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Figure 2 - Standardized Cohen’s differences for comparative results of the SSGCONT vs SSG 30, SSGCONT vs SSG60,
SSGCONT vs SSG90, SSGCONT vs SSG120, SSG30 vs SSG60, SSG30 vs SSG90, SSG30 vs SSG120, SSG60 vs SSG9O,
SSG60 vs SSG120, SSG90 vs SSG120, SSGs. Error bars indicate uncertainty in true mean changes with 90% confidence
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Discussion

This study investigated the effects of different recovery durations between repetitions
in SSGs. Overall, the results reveal that the manipulation of recovery times induced
differences in the internal and external load. Moreover, for the same total duration, the
external and internal load indicators tended to reveal higher values during the
fractionated method, particularly with short recovery periods. While longer recovery
periods (e.g., 2 min) tended to cause an increase in the maximum speed of players,
short recovery periods of 30 s tended to promote higher internal and external physical
requirements during the exercise. Finally, a recovery period of 1.5 min allowed more
distance to be travelled at different intensities when compared to the other recovery
periods, except for the 30-s recovery period.

In particular, the results revealed that the fractionated method (e.g., 6 min) with short
recovery periods (e.g., 30 s) induced further changes to the internal and external load.
These results are in agreement with recent research (Fanchini et al., 2011), where the
use of a fractionated method also increased the physical and physiological demands of
exercises (Fanchini et al., 2011; Hill-Haas et al., 2009).

Through analysing fractional exercises, previous research has also shown that short
recovery periods allow players to improve their physiological performance, which
emphasises our findings (Koklii et al., 2015). A study revealed that increasing the
recovery period duration from 30s to 120s and separating serial SSG sessions
significantly improved physiological recovery either systemically (HR) or locally
(oxygenation of the vastus lateralis muscle, based on using near-infrared spectroscopy)
in experienced semi-professional players (McLean et al., 2016). However, in our study,
only the use of a 30s recovery period promoted a generalised increase in both internal
and external load indicators.

Previous match analysis studies have also shown that soccer requires players to
repeatedly produce maximal actions of short duration with brief recovery periods
(Bangsbo et al., 2006; Spencer et al., 2005), which may be a key factor that can explain
our results. Soccer requires a combination of movement at different velocities and
players must repeatedly produce maximal or near-maximal actions of short duration
with brief recovery periods (Pellegrino et al., 2018). It is also apparent that the 30s of
recovery in 6-min SSGs could represent a typical game effort where players are exposed
to short periods of recovery after moments of high intensity.

The obtained results may also have a psychophysiological justification. Players like to
perform SSGs because the ball contact time is longer than any other exercise
performed, which may result in increased motivation and enjoyment of exercise (Los

Arcos et al., 2015). Thus, having stoppages longer than 30s for recovering purposes
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may imply a strain of mental fatigue derived from stress related to the anxiety of
wanting to play for as long as possible. Previous studies (Boksem et al., 2006) revealed
that decreased motivation has been associated with mental fatigue and can affect the
level of effort one is willing to exert on tasks (Brehm & Self, 1989). Thus, in the present
study, the increasing length of recovery periods may have increased physiological and
psychological stress by preventing players from attaining optimal levels of arousal (and
subsequent attentional levels) required to maintain high internal and external load
indicators during exercise.

It was also apparent that a 2-min recovery period has a positive effect on the ‘max
speed’ variable, while the recovery time of 1.5 min allowed more distance to be travelled
at different intensities when compared to the other recovery times (except for the 30-s
period). The positive effect of 2 min of recovery on the ‘max speed’ variable could be
due to the increased recovery duration since SSGs are exercises that induce more
acceleration and changes of direction with high intensity when compared to real game
situations (Dellal et al., 2011). Thus, an increase in the recovery period allows players to
maintain the ability to perform explosive actions of high intensity over time (Osgnach
et al., 2010) (i.e., sprints).

Furthermore, our study shows that greater distances were covered at various intensities
with recovery periods of 1.5 min, which contradicts a previous study by (Koklii et al.,
2015). In this previous study, the authors reported that 1 min of recovery between
repetitions was sufficient to cause significant increases in distances covered at low
intensity, while recovery periods of 3 or 4 min were necessary to increase the distances

covered at medium and high intensities.

Overall, this study emphasises the differences caused by different recovery times in the
training load during the performance of five-a-side SSG based on the fractional training
method. For coaches, these variables can be manipulated to manage physical effort and
exercise fatigue by increasing or decrease the training load. For example, to maintain
high physical performance and high training load to prepare players for real game
demands during SSGs, the fractionated method with short time repetitions and short
recovery periods (i.e., 30 s) should be used. In contrast, to carefully manage players'
efforts (e.g., post-competition muscle regeneration training) and decrease response to
training load, continuous or fractionated methods with longer recovery periods (i.e., 1—
2 min) should be used. To ensure a lower training load, it would be advisable to select
an exercise performed using the continuous method (e.g., 18 min). To increase and
develop maximum player speeds, SSGs should extend the recovery period between

repetitions to 2 min. Once different recovery times induce different physical responses
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in the players, the coach can manipulate recovery times throughout the season in
different phases (e.g., pre-season, competitive period and after the detraining period)
depending on the desired level of motor skill development.

These findings provide new evidence on the relationship between exercise and recovery
duration for small-sided soccer games that can help researchers, coaches and athletes
improve training efficiency and optimise performance. Future studies can use this
methodology to include comparisons with other SSG formats and conditions to verify

changes.
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Chapter 4

Practical recommendations considering a specific game

format

Study 4 — The Role of 5-a-side Game Format in Soccer Training:

Theorical Concerns and Practical Applications

Abstract

Physical outputs in soccer training can be influenced through the interaction of several
variables during the performance of different small side games (SSGs) formats. For this
reason, it is relevant to understand how the manipulation of variables such as, training
method, exercise duration, number of repetitions or recovery time affect the training
loads and the performance. The main aim of this work was to provide coaches with a
relevant theoretical aspects and examples of practical applications to use from the
specific format of 5-a-sided SSG. To search for relevant publications and ensure the
quality of articles, the search strategy used comprised specific search terms based on
the research theme. The results showed that, during the 5-a-side game, format the
choice of the training method (that is, continuous or fractionated) and the
manipulation of the related variables (for example, number of players and game
format) are fundamental for the management of the training load. Therefore, the
manipulation of the variables using 5-a side format translates into significant variations
in the training load, and in the likely improvement of the different domains of soccer
training (physiological, technical and tactical), thus evidencing several benefits in the
use of this game format. In addition, practical examples of 5-a-side exercises are used

based on the theoretical considerations described.

Key-words: Soccer; small-sided games;5-a-sided format; continuous method;

fractionated method; training load; recovery time
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Introduction

Small Side Games (SSGs) are defined as modified games adjusted by coaches for sports
training (Clemente et al., 2012). They are typically played in smaller areas, with
adapted rules, and generally involve a smaller number of players than a normal game
(i.e., 11-a-side ) (Hill-Haas et al., 2011). Nowadays, these types of activities are globally
accepted and have become popular in the sports training such as soccer, not only
because of the multiple benefits they bring to teams (Aguiar et al., 2012; Hammami et
al., 2018; Sampaio et al., 2007), but also due to the ease of cross-application at all ages
and competitive levels (Reilly, 2005). In fact, SSGs allow for the simultaneous
enhancement of technical and tactical development with specific fitness capacities,
such as endurance (aerobic and anaerobic), strength, and agility (Hill-Haas, Rowsell, et
al., 2009). They have been considered one of the most effective tool for building team
play and one of the essential ways to improve all components of the game (Bujalance-
Moreno et al., 2019; Hammami et al., 2018; Hill-Haas et al., 2011). In addition, coaches
used SSGs specifically due to their structural similarity to the real game (i.e., 11-a-side),
which is also very useful in the development of game models (Dellal et al., 2012;
Impellizzeri et al., 2006). Therefore, the inclusion of these types of games in the
periodization of soccer teams is emphasized due to the multivariate nature of the
exercises and their apparent benefits (Hammami et al., 2018; Hill-Haas, Rowsell, et al.,
2009), which can be manipulated based on the number of players used (M. Aguiar et
al., 2015; Castillo et al., 2019; Hill-Haas et al.,, 2011). In addition, benefits have
previously been reported in the literature resulting from the use of 5-side formats
(Branquinho et al., 2020; Koklii et al., 2015), which will therefore be the focus of
analysis in this work. .

Several studies have shown that the manipulation of some variables during SSGs, like
duration between repetitions (Hill-Haas, Rowsell, et al., 2009; Koklii et al., 2017),
previous information about duration (Ferraz, Gongalves, Coutinho, et al., 2018; Ferraz,
Gongalves, Van Den Tillaar, et al., 2018), pitch size, number of players, coach
encouragement, rules, the use of goalkeepers, or the knowledge of the duration of the
exercise, enable different intensities and different technical/tactical adaptations
(Clemente et al., 2014; Ferraz, Gongalves, Van Den Tillaar, et al., 2018; Koklii et al.,
2017) and consequently different training load responses (Branquinho et al., 2020;

Clemente et al., 2019).
Training load is understood as a quantitative measure of the physical and physiological

work performed during the exercise period, where the coach tries to modulate the

external load while monitoring the internal load (Coutts et al., 2017; Halson, 2014;
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Impellizzeri et al., 2005; Malone et al., 2015). Monitoring and management of the
training load during soccer exercises proved to be an essential factor in determining
the players’ individual adaptations, responses, fatigue, and needs for recovery in
addition to minimizing the risk of overreaching and consequent injury or illness
(Bourdon et al., 2017). As such, training load can be classified as internal or external
and reflects the requirements imposed on athletes (Bourdon et al., 2017; Ian Lambert &
Borresen, 2010). The external training load was characterized as an objective measure
of the work that the athlete performs during training or competitions and is important
for understanding the athlete's capabilities relative to his performance (Halson, 2014).
Typically, the demands of the athlete's own movement (distance covered, accelerations,
changes in direction, and power output) are described (Burgess, 2017). Whereas, the
internal training load was previously defined as the biological requirement
(physiological or psychological) that the work performed imposes on the athlete’s
structures (Bourdon et al., 2017; Burgess, 2017; Halson, 2014).

Several studies (Bujalance-Moreno et al., 2019; Casamichana et al., 2013; Hill-Haas,
Rowsell, et al., 2009; Kokl et al., 2017) have been conducted to monitor internal and
external training loads during SSGs. The results highlighted the extended potential of
SSGs, as they not only increase the motivation of the players but also promote specific
physical conditions and technical/tactical capacities in soccer (Hammami et al., 2018;
Little, 2009; Los Arcos et al., 2015). Generally, SSGs are performed in a continuous
(i.e., without repetitions or rest intervals during the exercise) or fractionated format
which is characterized as a form of interval training (i.e., exercise performed repeatedly
and with rest intervals between repetitions) (Casamichana et al., 2013; Koklii, 2012;
Yiicesoy et al., 2019), and both methods must consider (i) intensity and duration of the
work; (ii) type of recovery (rest/active recovery) and duration of the recovery; and (iii)
total duration of work (number of interval of work x duration of work) (Halouani et al.,
2014). The continuous method was recently characterized and compared with the
fractionated method (Branquinho et al., 2020). It was concluded that for the same
exercise time, the use of the continuous method can decrease the training load
responses compared to the use of the fractional method with short recovery periods.
That is, there are changes in the intensity of the exercises based on the duration of the
task. (Fanchini et al., 2011) In fact, previous studies emphasized the existing differences
in the training methods, and concluded that the use of the fractional method, caused a
decrease in the perceived effort, an increase in the total running distances and
accelerations (Clemente et al., 2019), as well as increases in the HR responses
(Branquinho et al., 2020). In a practical environment, if the coach intends to increase

training load responses (i.e., total distance covered, total distance covered at various
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intensities, maximum speed) and internal load (i.e., HR max and HR average), the
fractional method is generally the most appropriate whereas the continuous method is
useful if a reduction in the training load is desired (i.e., recovery objectives; tactical
objectives; initial learning of game principles; or introduction of new exercise...).
However, the responses resulting from the choice of the training method will always be
directly dependent on the choice and manipulation of other variables (i.e., exercise
duration, recovery time, and field size) in order to increase or decrease the training load
responses.

During this work, our focus was on the 5-a-side format, which was chosen due to its
proven influence in changing the training load and usefulness in improving different
training domains (i.e., technical and tactical) during SSGs (Aguiar et al., 2012; Amatria
et al., 2016; Aslan, 2013; Ball et al., 2011; Castellano et al., 2013; Castillo et al., 2019; F.
Clemente et al., 2012; Clemente et al., 2019; Goncalves et al., 2017; Italo, 2017;
Jastrzebski & Radziminski, 2015). In fact, the regular 5-a-side format has been
associated with greater total distance covered and running distance than smaller
formats such as the 3-a-side (Castellano et al., 2013). Furthermore, higher maximum
speeds and greater displacements at different intensities have also been previously
reported (Castellano et al., 2013) when comparing the 5-a-side format with smaller and
larger formats (3-a-side and 7-a-side). The 5-a-side format has also been described
(Castellano et al., 2013) as allowing more accelerations compared to 7-a-side. In
addition, 5-a-side can also be used by coaches to promote organizational training by
sectors (e.g., tactical training), since it has previously been associated with greater
correlation between teammates, promotion of self-organized behavior, and greater
predictability in positional coordination (Gongalves et al., 2016). This knowledge is
important for the prescription of appropriate training loads, according to the objectives
of the coach, and is fundamental to the process of adaptation, players' effort
management, and injury prevention (Castillo et al., 2019).

This work therefore aims to infer about the potential benefit of implementing the 5-a-
side format as a useful tool for the coach, given the impact it assumes on all training
domains (i.e., physiological, physical, technical, and tactical). Some standard exercises
based on our research on 5-a-side SSGs are presented as practical applications, to help
coaches manipulate the game format according to the possible objectives required for

the training session.
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Methods

Search Strategy

To search for relevant publications and ensure the quality of articles, the following
databases were used: Web of Science (the modules “Core” and “Medline”), Scopus and
PubMed. Articles that were published in 2020 or earlier and in English were
considered. The search strategy comprised specific search terms based on the research
theme. The search strategy comprised search terms that combined one of the two
primary keywords (“soccer” or “football”) with a second keyword (small-side games” or
“small and conditioned games”), with a third keyword (“recovery time”, “training load”,

“continuous method”, “fractionated method”) and a fourth keyword (“5-a-side”), using

the boolean operator.

Continuous vs Fractionated Training Methods During Small Sided
Games

The literature describes that the performance during SSGs using the continuous or
interval (fractionated) methods can cause changes in the training load (Koklu et al.,
2012), particularly due to the variations in the intensity distribution during the
different periods of performance (Dellal et al., 2012).

Most studies on SSGs use the fractionated method; however, differences have been
derived from the use of the continuous and fractionated methods and the possible types
of manipulations to ensure the desired training loads. Yet, few studies have investigated
how to change the physical and physiological indicators responses (i.e. external and
internal load) resulting from SSG, based on the choice of the continuous or fractional
training method.(Branquinho et al., 2020; Casamichana et al., 2013; Fanchini et al.,
2011; Koklii, 2012; Yiicesoy et al., 2019). Curiously, to the best of our knowledge, no
study has analyzed the impact of choosing the training method (continuous or
fractional), specifically in the 5-a-side format. In addition, no specific information has
been reported in the literature regarding the total exercise time and recovery time
manipulation to characterize the training load responses according to the chosen
training method.

The continuous method is more similar to the demands of real games (Aguiar et al.,
2012) and is characterized by a large volume of work without interruptions; the main
objective is to improve the aerobic capacity of players (Bompa, 2009). Its use during
SSGs caters to the development of aerobic capacity during the preparatory periods of
the season (Hill-Haas et al., 2011). The continuous method can be categorized as
uniform or varied. The former is characterized by the maintenance of effort over a

period of time, while the latter consists of the performance of prolonged efforts with
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significant variations in intensity but without having to effectively cease the activity
(Alves et al., 2006).

Conversely, the fractionated method is performed in the form of intervals, with
recovery times between each repetition (M. Aguiar et al., 2012). A previous study
(Laursen, 2010) highlighted the potential of the fractionated method in trained athletes
using repeated short or long periods of high-intensity exercise interspersed with
recovery periods (Billat, 2001). Greater cardiovascular and peripheral adaptations have
been reported in athletes performing several fractionated exercises at high intensities
interspersed with resting periods (Billat, 2001; Faude et al., 2013; Laursen & Jenkins,
2002). Table 1 summarizes four studies examining the differences between continuous

and fractionated method during SSGs and their impact on training load.

Table 4. Continuous vs Fractionated SSG studies (2010-2020)

Differences
Studies Sample SSG Training Recovery observed between
Format Prescription methods in training
load
CM FM
CM and FM could be
used to  improve
internal load. 3-a-side,
4-a-side of FM and 3-
a-side of CM could be
used to  improve
Koklii et al Men (n=20); 2—a—s§de 6 min 3x2 min - maximum oxygen
(58j ages 16.6 + 3-a-side 9 min 3X 3 min - uptake. Whereas CM
0.5 years. 4-a-side 12min  3X4min - 4-a-side might be used
to develop the
anaerobic  threshold.
CM and FM 2-a-side
could be wused to
improve lactate
tolerance.
Yiicesoy et Men (n=16); 4-a-side 18 min 3 X 6 min 3 min CM and FM induces
al. (75) ages 22.3 + similar responses on
1.6 years. internal loads
Casamichana Men (n=10); 5-a-side 16 min 2 x 8 min 1 min CM induces greater
etal. (18) ages 21.3 =+ 4 X 4 min 2 min physical loads. HR
3.4 years. responses did not
show significant
differences
Branquinho Men (n=20); 5-a-side 24 min 2x12 FM induces greater
etal. (14) ages 252 =+ min 2 min training loads
6.1 years. 4 X 6 min compared to CM
6 X 4 min

Note: CM = Continuous method; FM = Fractionated method; HR = Heart rate

Regarding peripheral and central adaptations, some results have found no differences
between the methods (Edge et al., 2006; Seiler & Tennessen, 2009), whereas other

reports suggest that the continuous method performed at submaximal intensities
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promotes better peripheral adaptations, while the fractionated method promotes better

central adaptations (Helgerud et al., 2007).

The Impact of the Relationship Between Number of Players and
Training Method in Training Load Responses During SSGs
Management of the number of players involved during the performance of SSGs allows
for regulation of the exercise intensity and technical actions (Jones & Drust, 2007;
Katis & Kellis, 2009; Koklii, 2012; Koklii et al., 2017; Little, 2009; Owen et al., 2004;
Sampaio et al., 2007), when the coach also controls other variables (i.e., pitch size).
Overall, the research conducted suggests that formats with fewer players induce
changes in internal load indicators (e.g., greater heart rate (HR) responses) when
compared to larger formats (Hill-Haas, Dawson, et al., 2009; Hill-Haas et al., 2010;
Katis & Kellis, 2009; Owen et al.,, 2004). In contrast, other studies did not find
significant differences between formats (Aroso et al., 2004; Hill-Haas et al., 2008;
Jones & Drust, 2007; Sampaio et al., 2007); It is worth noting, however, that regular
maximum heart rate (HRmax) values during SSGs vary between 80 and 90% of HRmax
(Hill-Haas et al., 2011). That is, the differences found between the studies analyzed,
indicate that the same type of formats can effectively induce different internal loads
responses, which may be due to different training methods or different recovery times.
External load indicators were also analyzed (i.e., total distance covered at various
intensities and high-intensity efforts) based on the number of participants in the SSG.
With regard to the total distance covered at different intensities, there is some
consensus in the literature since most authors say there are no significant differences
between the formats analyzed (Hill-Haas et al., 2008; Hill-Haas, Dawson, et al., 2009;
Hill-Haas et al., 2010; Jones & Drust, 2007). Conversely, in relation to the amount of
high-intensity efforts, the same is not true. Previous research (Jones & Drust, 2007;
Platt et al., 2001) has suggested that decreasing the number of players causes an
increase in high-intensity efforts (e.g., sprints). Later, the opposite was suggested by
Hill-Haas et al. (Hill-Haas et al.,, 2008), while another study found no significant
differences (Hill-Haas et al., 2010). In addition, studies have reported the impact of the
number of players on the technical requirements imposed by the exercise (Jones &
Drust, 2007; Katis & Kellis, 2009), with the smaller formats inducing the increase in
the number of individual ball contacts per game compared to longer formats (i.e., 4-a-
side vs 8-a-side), while more long passes and headers were more frequent during 6-
a.side game formats. Thus, these data suggest the number of players should be
meticulously defined by the coach, as SSGs with fewer players (i.e., 5-a-side) also

increase technical stimuli.
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The 5-a-side Game Format as a Toll During Soccer Training

It is essential that coaches maintain a broad perspective to better understand the
stimuli imposed on players during the performance of SSGs and to enhance the
adaptations resulting from training. The 5-a-side format has often been used (Aguiar et
al., 2013; Branquinho et al., 2020; Casamichana & Castellano, 2010; Da Silva et al.,
2011; Hill-Haas et al., 2010; Kelly & Drust, 2009; Little & Williams, 2006; Owen et al.,
2004; Rampinini et al., 2007) to improve physical and physiological performance of
soccer players in the different domains of training. In fact, this specific format can be of
great use to coaches, given the practical benefits that were evidenced previously,
namely greater physiological responses (Allen et al., 1998; Hill-Haas, Coutts, et al.,
2009) and greater physical responses (Castellano et al., 2013; Clemente et al., 2019)
compared to other SSG formats. In addition, improvements in tactical skill and
adaptation to the game model have been reported through modulated conditions based
on numerical superiority (i.e., 4 vs 5-a-side) and coordination conditions (Gongalves et
al., 2016). A summary of some studies that used this type of format during SSGs is
shown in Table 5 and Table 6, where changes in exercise intensity can be verified based
on the manipulations performed (i.e., pitch size, total duration, training regimen, and
recovery time). The 5-a-side format was previously characterized (Allen et al.,
1998;Hill-Haas, Coutts, et al., 2009) by inducing physiological responses (i.e., HR)
higher than those seen during a formal 11-a-side game. In this sense, field area is one of
the variables that directly influences the physiological stress imposed during the
performance of SSGs (Silva et al., 2014) and therefore assumes a fundamental role
during the manipulation of the 5-a-side format. Most studies conducted in this regard
identified an increase in internal load responses (i.e., HRmax) with an increase in the
field size, as described in Table 2 (Casamichana & Castellano, 2010; Da Silva et al.,
2011; Owen et al., 2004; Rampinini et al., 2007), when comparing 5-a-side games with
different pitch sizes. Moreover, other studies conducted with only one field size have
corroborated these results (Branquinho et al., 2020; Hill-Haas et al., 2010; Little &
Williams, 2006).

Other studies (Kelly & Drust, 2009; Owen et al., 2004) have also verified the influence
of the field dimensions on technical actions and found no significant differences in the
frequency of most actions, such as passes, receptions, dribbling, and interceptions,
during 5-a-side games; however, there was an exponential increase in the number of
shots and tackles in 5-a-side games with smaller dimensions (Kelly & Drust, 2009;
Owen et al., 2004). In fact, the increase in tackles performed during this format in
fields with smaller dimensions is likely related to the smaller area per player, which

causes a greater proximity between players and consequently an increase in physical
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contact. In addition, greater interaction between players, as a result of the dimensions
of the field and the number of players, creates a window of opportunity to improve
decision-making and peripheral vision, promoting the coupling of perception-action
and coordination (Aguiar et al., 2015; Davids et al., 2013). The increase in the number
of shots is likely related to the proximity to the goals, which makes the players attempt
more shots. That is, field size is directly related to performance during the 5-a-side
format; therefore, it must be carefully considered by the coach, who may prefer to
combine the physical component with the tactical component, or, on the other hand,
restrict physical contact to a minimum during the training session (Kelly & Drust,
2009).

The intensity of the SSGs depends on several factors such as the format (i.e., 5-a-side)
and training method (continuous or fractionated) chosen, which play a fundamental
role in the training load. For that reason, the use of large fields does not necessarily give
intensity to the exercise. An example of this is presented in a study conducted by Hill-
Hass et al. (Hill-Haas et al., 2010), who used a 47 x 35 m field in a 5-a-side game for 24
min performed using the continuous method. The results showed responses of only
82.5% HRmax that were lower than others found in studies with smaller fields and the
same total exercise duration (Little & Williams, 2006). These results corroborate the
conclusions of a recent study (Branquinho et al., 2020) which investigated the effects of
continuous and fractionated training on internal and external load in soccer SSGs and
concluded that the exercise performed by the continuous method induced lower
responses in the training load. Therefore, the fractionated method presented itself as a
more beneficial alternative if the objective was high-intensity training and high training
loads through the performance of a 5-a-side SSG format.

Additionally, it is important to note that the addiction of specific rules by the coach
during the 5-a-side SSG, such as, as the “pressure and/or individual marking” (Little &
Williams, 2006), the “ball possession”, to have or not “goalkeeper”, the “goal size”
(Castellano et al., 2013), or the “coach encouragement” (Kelly & Drust, 20009;
Rampinini et al., 2007) tends to increase the responses of HR max as shown in Table 3.
As such, the aforementioned rules are also variable to consider in the prescription of
SSGs.

61



Table 5. Summary of studies examining the effects in a 5-a-sided small-sided game intensity in soccer

Reference n Age Psllt:: Duration Training regimen Recovery Training Load Responses
Distance Covered
Total
CM FM Heart rate Max Max Speed  Distance VLI LI HI VHI
(meters)
Little and
Williams 23 22.8+4.5 45X 30m 24 min - 4 X 6 min 1.30 min 89.3% HRmax - - - - - -
(62)
R hind et 20x 28 m 86% HRmax - - - - - -
alar(répl)nml ¢ 20 24.5+4.1 25X 35m 12 min - 3 X 4 min 3 min 86.1% HRmax - - - - - -
7 30x42m 86.9% HRumax - - - - - -
30X 25m 75.7% HRmax - - - - - -
Owen et al. —_— . . . S
(65) 13 17.46+1.05 35X30m 9 min - 3 X 3 min 12 min 79.5% HRmax - - - - - -
40X 35m 80.2% HRmax - - - - - -
Casamichan 32x23m - 93% HRmax - 695+37 401+27 238+41 50421 4.9+5
aand — . - . . 5
Castellano 10 155%0.5  50X35m  1smin . - 3X5min 5 min 94.6% HRmax - 90830  390£30  320+54 155441 28433
(17) 62X 44 m - 94.6% HRmax - 999150 378+37 366+t74  180+42 74+58
Hill-Hass et . 24 o 2526+30
al. (44) 20 15.6 £0.8 47x35m 24 min min - 82.5% HRmax - 5 - - -
Da Silva et . . .
al. (71) 16 13.5+0.7 30x30m 12 min - 3 X 4 min 3 min 86.9% HRmax - - - - - -
aC]as(tlegl;ano et 14 21.3+2.3 43X30m 9 min - 3x 3 min 5 min 93.8% HRmax - - - - - -
Aguiar et al. 150 m2 . . . o
% 10 18.0+0.6 Per player 18 min 3 X 6 min 1 min 84.56% HRmax
24 ) . - 6.05 + 2254+
min 2 min 181.95 + 95 b.min 0.52 m/s 167 262+32 18224176 143+45 12+ 12
Branquinho - 2 X 12 min 184.3 + 10.03 b.min™! 6.24 + 2333 % 250450 1990%171  2037+180  2063+389
et al. (14) 20 25.2+6.1 40x40m 24 min 0.59 m/s 116
) . . . 6.20 + 2371 +
- -1
4 x 6 min 2 min 186.60 + 10.55 b.min 0.49 m/s 283 277+55 157+58 171+65 15368
. . 6.06 + 2194 +
- 6 X 4 min 185.55 + 11.16 b.min™! 09+ 17+ 1 18+18 16+ 1
4 5.55 0.54m/s 839 309+£93 7+ 15 4

Note: CM = Continuous method; FM = Fractionated method; TL= Training Load; min = minute; m= meters; HRmax= Maximum heart rate; m/s= meters per second;

VLI= Very low intensity; LI= Low intensity; HI= High intensity, VHI= Very high intensity
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Table 6. Summary of studies examining the effects of rules modifications/coach encouragement in a 5-a-sided small-sided game intensity in team sports.

Training
Reference n Age Pitch Size Duration Training regimen Recovery Rules / CE Load
Responses
M (% (I){fer?llleifrtl?lm)
Little ang 2‘/)\7 illiams 23 22.844.5 55X32m 10 m 2 X 5 min 2 min Pressure half switch 89.9% HRmax
30X 20m 91% HRmax
Kelly and Drust, (53) 8 18+1 40x30m 16 m 4 X 4 min 2 min CE 90% HRmax
50 X 40m 89%
Rampinini et al. (67) 20 24.5+4.1 42X 30m 12m 3 X 4 min 3 min CE 88.8%
With possession 94.6%
Castellano et al. (19) 14 21.3+2.3 55x38m 15 m 3 X 5 min 5 min With GK 92.1%
With small goals 91.5%

Note: CM = Continuous method; FM = Fractionated method; TL = Training load; min = minute; m= meters; CE= Coach encouragement
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Finally, there appears to be a relationship between recovery periods with reduced time
duration (i.e., 1:30 min and 2 min) (Branquinho et al., 2020; Little & Williams, 2006)
and higher intensities. In fact, the recovery between high-intensity exercises results in a
reduction of physiological fatigue, preventing the increase in hydrogen production (due
to increased activity of the glycolytic pathway), with a consequent reduction of muscle
pH (i.e., increase of acidosis), elevation of interstitial K+ content, and reduced levels of
energy substrates (i.e., creatine phosphate (PCr) and glycogen) (Alghannam, 2012).
Possible explanations are related to the availability of PCr. Considering this possibility,
the accumulation of lactic acid increases and the muscle pH decreases (Alghannam,
2012). Although pH is the most prevalent factor for maintaining strength production
during high-intensity exercises, the availability of PCr is actually more prevalent for the
initial part of high-intensity exercises (KoKklii et al., 2015). Moreover, the results of a
recent study (Spencer et al., 2005) emphasized that HR adaptive responses occur more
quickly with fast recoveries (i.e., 1-2 min) during 5-a-side SSGs.

With regard to physical demands, the studies shown in Table 5 may indicate an
increase in the external load with an increase in the fractionation of the exercise
(Branquinho et al., 2020) and field size (Casamichana & Castellano, 2010). In fact, an
increase in the total distance covered and the displacements at different intensities is
common, which means that these variables must be should be considered as coaches
develop training plans. Moreover, the external load can be positively or negatively

affected depending on the game format (Branquinho et al., 2020).

All of these changes related to the 5-a-side format appear to also be dependent on
different numbers of repetitions (Branquinho et al., 2020; Kokli, 2012), different
durations of repetitions (Branquinho et al., 2020; Koklii, 2012), and different recovery
times during the SSG. Thus, players’ performance during 5-a-side games depends on
the interaction between exercise duration and subsequent recovery periods, as well as
exercise intensity and recovery (Bangsbo, 1994). Moreover, recovery involves active
processes to restore psychological and physiological resources that allow the player to
use these resources again (Kellmann & Kallus, 2007); therefore, the intensity, duration,
and frequency of training based on SSGs causes significant stress on biological systems,
which may compromise the ability to work in the following sessions (Kelly et al., 2020;
Strudwick & Reilly, 1999). As such, the training stimulus must consider the balance
between volume, intensity, and recovery, and SSG training programs should be
prepared based on this information.

Despite this, the use of 5-a-side SSGs is a key training method, especially for amateur

and semi-professional players because at their playing levels, players have shorter
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training durations per week and need to optimize or mix the physical, technical, and
tactical components to gain time (Castellano et al., 2013). In this sense, a
methodological design of 5-a-side soccer games will be proposed, which can be a useful
tool for coaches for training prescription. It is important to note, however, that the use
of these formats will always be related to and dependent upon the objectives in the

physical, technical, and tactical domains of each coach for his team.

Practical Applications: 5-a-side Games Exercises Example

To maximize the benefit resulting from application of 5-a-side SSGs requires properly
structured exercises based on the objectives desired by the coach, considering of the
different training domains (i.e., physical condition, technical, and tactical), and in the
type of stimulus desired for the training unit or cycle.. The 5-a-side format is an
effective tool that can be utilized by coaches but always requires a framework and is
designed based on the team's objectives. It is crucial to focus the training not only on
improving performance (Fig 3-4) according to the coach’s game model and ideas for the
team, but also on maintenance and recovery physical condition (Fig 5-6), which means
that training load management plays a key role in soccer performance. To mitigate for
the effects of cumulative fatigue, training loads can be adjusted during a training cycle.
Depending on the training period (e.g., pre-season, in-season, or detraining phase), the
objectives and variables can be manipulated to control the intensity of the 5-a-side SSG.
Among these variables are the size of playing field, number of players, recovery, and
training method (Branquinho et al., 2020; Christopher et al., 2016; Filipe Manuel
Clemente et al., 2017; Halouani et al., 2014; KoKklii et al., 2015; Yiicesoy et al., 2019).
Some suggestions may be given for creating training exercises based on the 5-a-side
format according to the training objectives. In the practical context, if the coach wants
to increase the physical and physiological responses and obtain high training loads
from his players during the pre-season (for example) in order to develop the fitness
condition for the start competition season, they can use exercise type as described in
Fig 3, which is performed by the fractionated training method, with a short recovery
period, including regular goals and goalkeepers, in a 40mx4om field. However, taking
into account that the training loads prescribed during the competitive season should be
subject to regular management and monitoring in order to avoid overtraining and
injuries, if the coach wants to reduce the stimulus resulting from the previous exercise,
he could use the exercise type as of Fig 4. Although the exercise of Fig 4 is also
performed by the fractionated training method (which induces greater physical and

physiological responses), it was adjusted with manipulations that allow a slight
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reduction of the imposed load, compared to the exercise of Fig 3 ( i.e., inclusion of
small goals, a longer recovery time, a reduction in the playing field, a reduction in the
total duration of the exercise and consequently a smaller fractionation of the same).

On the other hand, if the goal of the coach is to decrease training load responses, he
should preferably use exercises performed by the continuous method. But here too, the
exercises can be manipulated according to the specific objectives desired by the coach
for the session or competitive period in question. If the coach's goal is recovery /
regeneration after the game or careful management of the fatigue resulting from
training, coaches can use the exercises type as described in Fig 5-6 during the
competitive season.

In addition, if the goal of the coach is to practice new content (exercise), new tactical
ideas (i.e., pre-season) or to carry out tactical approaches in preparation for the game
(competitive season), he could use exercises types as described in Fig 5-6 in the same
way considering that the use of the exercise in Fig 5 induces slight increases in the
training load compared to the exercise in Fig 6, due to the manipulations to which it
was subjected.

It is important to note that the choice of each exercise and the phase of the season in
which it should be inserted always depends on the goals of the coach and the physical
condition of the players in the period in question (pre-season or competitive season). In
table 4, a way of using these exercises over a training cycle is suggested. In addition,
care must be taken when implementing the training programs and exercise regimes, as
different age groups and competitive levels are expected to receive different external

and internal loads for the same training stimuli.
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Figure 3. 5-a-side game fractionated format 1

Method: Fractionated

Pitch size: 40x40m

Number of repetitions: 4
Duration of repetition: 6min
Recovery time: 30s

Note - Method: fractionated; Pitch size: 40x40m ; Number of repetitions: 4 ; Duration of the
repetition: 6m ; Recovery time: 30s ; Rules: With Goalkeepers, pressure, with coach encouragement ;
Physiological Target: 90 — 95 % HRmax; Technical target: score as many goals as possible ; Tactical
target: offensive / defensive organization, ball carrier pressure, defense / attack transition ; training
cycle: weekly microcycle, acquisitive operationalization of the game organization (assimilation of content

and coach ideas) ; P = Pressure

67



Figure 4. 5-a-side game fractionated format 2

Method: Fractionated

Pitch size: 30x30m

Number of repetitions: 3
Duration of repetition: 6min
Recovery time: Imin

Note: —Method: fractionated; Pitch size: 30x30m ; Number of repetitions: 3 ; Duration of the
repetition: 6m ; Recovery time: 1min ; Rules: with small goals; Physiological Target: 85 — 90 %
HRmax ; Technical target: shooting accuracy, pass and reception in reduced space, decision making
Tactical target: offensive / defensive organization, ball carrier pressure, defense / attack transition ;
Training cycle: weekly microcycle, acquisitive operationalization of the game organization (assimilation

of content and coach ideas)
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Figure 5. 5-a-side game continuous format 1

Method: Continuous

Pitch size: 40x40m

Number of repetitions: 1
Duration of repetition: 18 min
Recovery time: 2min

Note — Method: continuous ; Pitch size: 40x40m ; Number of repetitions: 1 ; Duration of the
repetition: 18m ; Recovery time: 2 ; Rules: without goal keeper or small goals pressure;
Physiological Target: 75 — 85 % HRmax ; Technical target: pass and reception in reduced space,
decision making Tactical target: ball possession, ball carrier pression, decision making; Training

cycle: weekly microcycle — recovery ; P = Pressure
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Figure 6. 5-a-sided game continuous format 2

Method: Continuous

Pitch Size: 30x30m

Number of repetitions: 1
Duration of repetition: 24min
Recovery time: 2 min

Note - Method: continuous ; Pitch size: 30x30m ; Number of repetitions: 1 ; Duration of the
repetition: 24min; Recovery time: 2 min ; Rules: without goal keeper or small goals pressure, ball
possession, with floaters; Physiological Target: 70 — 80 % HRmax ; Technical target: pass and
reception in reduced space, decision making, Tactical target: offensive / defensive organization, ball

possession, with numerical superiority ; Training cycle: weekly microcycle - recovery, regeneration.
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Figure 7. Applicability of Continuous and Fractionated Exercises during a competitive week training cycle

Week
. Monday Tuesday Wednesday Thursdays Friday Saturday Sunday
Microcycle
Acquisitive Acquisitive .
L. . . o ] o Tactical/Rec
Objective Recovery Recovery/Tactical  operationalization of operationalization of
ove
the game organization  the game organization v
Physiological 70-80%
70-80% HRmax 75-80% HRmax 90-95% HRmax 85-90% HRmax Day off GAME
target HRmax
Continuous
E . Continuous Continuous Fractionated Exercise 1  Fractionated Exercise 2  exercise 3-4
xercise
Exercise 4 (Fig6) Exercise 5 (Fig 3) (Fig 3) (Fig 4) (Figures 5
and 6)
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Conclusion

Considering their variability in application and manipulations with a direct impact on
training load and player performance, SSGs can be considered a versatile tool available
to coaches. The choice of training method (i.e., continuous or fractionated) and
manipulation of related variables (e.g., number of players and game format) are
fundamental to management of the training load and control of fatigue during exercise.
This work specifically highlighted the benefits of using the 5-a-side format based on the
dimensions of the field, number of repetitions, duration of repetitions, and rest interval
chosen by the coach. It also examined the changes that occur in the training load as a
result of these choices. Furthermore, it highlighted the ways in which manipulation of
the aforementioned variables makes it possible to enhance the different domains of
soccer training (physical, technical, and tactical), emphasizing the benefits resulting
specifically from the use of the 5-a-side format, although other game formats (i.e., 2-a-
side, 3-a-side, 6-a-side, 7-a-side...) are also important in the development of soccer
players. Whatever the choice of SSG format, this must always consider the aims of the
coach depending on the period of the season, training session, and the aims proposed

to the team in the different training domains.

Acknowledgements
This work is supported by national funding through the Portuguese Foundation for
Science and Technology, I.P., under project UID04045/2020.

72



Chapter 5

General Discussion

The aim of this investigation was to analyze the effects of continuous and fractionated
game formats on internal and external load in small-sided games in soccer and to
identify the effects of different recovery times on internal and external load during
these exercises. The lack of research on the impact of performing SSGs using the
continuous or fractionated methods on training load, as well as the influence of
recovery duration during SSG performance, was the starting point of our experimental
research. Our findings confirmed the hypothesis that using the fractionated method
during SSGs, which were characterized by the same total duration and same rest
interval but used different recovery times, induces a change in internal and external
load (study 2,3). Our data also confirmed that increasing the number of repetitions in
the fractionated method raises the internal and external load compared to the
continuous method (study 3). Moreover, the increase in recovery time tends to decrease
the internal load and increase the external load, leading to a higher physical impact of

the exercise (higher indicators of training load) (study 3).

Our results report that use of the fractionated method induces a greater training load
compared to the continuous training method (Study 2). Furthermore, when using the
fractionated method, the recovery time influences training load. Longer recovery times
(e.g., 2 min) seem to induce increases in the maximum speed of the players, recoveries
of 1.30 min may increase the total distance covered, and 30 s of recovery between
repetitions may be sufficient for players to recover the exercises they performed since
they induce significant changes in the training load (study 3). Moreover, increasing the
number of exercise repetitions in the fractionated method led to an increased external

load compared to the continuous method (study 2).

In particular, the continuous method displayed the tendency to decrease the distances
travelled with different intensities (study 2,3), and regarding the HR responses, the
data were trivially different, which suggests few variations between methods (study 2).
In addition to the results revealing that manipulation of recovery times induced
differences in internal and external load, it was also possible conclude that for the same
total duration time, the external and internal load indicators tended to show higher
values during the fractionated method, particularly with short moments of recovery

time (e.g., 30 s) (study 3). While longer recovery time periods (e.g., 2 min) tend to
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cause an increase in the “max speed” of players, short recovery periods of 30 s tend to
promote higher internal and external physical requirements of the exercise (study 3).
Finally, a recovery time of 1 min 30 s allowed more distance travelled at different
intensities compared to the other recovery times, with the exception of 30 s recovery

times (study 3).

These findings were consistent with previous reports that showed distinct effects on
internal and external training load depending on the method used in SSGs (continuous
or fractionated). The results reinforce the idea that application of the continuous
method in SGGs may induce lower training loads than the fractionated method.
Furthermore, short recovery periods may allow players to maintain high intensities
during repetitions when using the fractionated method in SSGs (study 2,3). (Hill-Haas
et al., 2009; KoKlii et al., 2015; Kokli et al., 2017).

Emphasizing the differences between the continuous and fractionated methods, a
previous study found differences in a three-a-side SSG format when longer repetitions
(3x6 min/2 min rest) decreased Max.HR compared to shorter repetitions (3x2 min/2
min rest) (Fanchini et al., 2011). This was supported by previous studies when the
results of Max.HR were crossed with intensity displacement velocity during the
exercises, because the Max.HR was related to the increase in the pace of the game and
the high-intensity actions of players (Clemente et al., 2019). Our results in both studies
indicate that variations in max.HR may be related to the use of specific 4x6 min, 6x4
min (study 2), and 3x6 min (study 3) short, fractionated methods, thus increasing
Max.HR compared to the other longer fractionated 2x12 min and continuous 1x24 min
(study 2) and 1x18 min (study 3) methods used in study 2 and 3, respectively. In
addition, a short recovery time of 30 s presents the tendency to induces further changes
in Max.HR.

Collectively, these data suggest that fractionated methods can induce a higher internal
training load and highlight the importance of rest periods between repetitions to

increase physical responses in subsequent repetitions.

Regarding Av.HR, the results found in studies 2 and 3 are similar and also somewhat
contradictory. The physiological responses of the players appear higher in the fractional
method (higher Max.HR), but the Av.HR responses tend to remain constant between
the two training methods. The fact that HR may not be sensitive to the differences
between methods may explain these results in comparison with others previously

reported, where no differences were found in physiological responses relative to the
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continuous method or fractional method (Christopher et al., 2016; Hill-Haas et al.,

2009).

Regarding the intensity of the displacements performed, there is a tendency towards
higher values when applying the fractionated method compared to the continuous
method in both studies. In fact, there is an increase in the number of displacements
performed for the different variables analyzed (e.g., very low intensity, low intensity,
moderate intensity, and high/very high intensity) when comparing the SSG performed
using the fractionated and continuous methods in study 2. The results of study 3 show
greater distances covered at various intensities (e.g., moderate, high, very high, and
max intensity) with recovery periods between 30 s and 2 min, which contradicts a
previous study (Koklii et al., 2015). In this study, the authors report that 3 or 4 min
were necessary to increase the distances covered at medium and high intensities.

Regarding the total distance travelled, a higher total distance was identified in two
formats performed in the fractionated method (T2 and T3) compared to the continuous
method in study 1. These data are in agreement with what was previously described by
Hill-Haas et al. (2009), which showed evidence of an increased total distance travelled
using the fractionated method compared to the continuous method. In study 3, we
observed that a recovery of 30 s is enough to reach greater total distances travelled

compared to all other recovery times.

The maximum speeds between the methods do not appear to change significantly
(study 2,3). The data indicate that the ability of players to reach high speeds is
independent of the use of the continuous or fractionated methods; however, long
recovery periods (e.g., 2 min) with the fractional method may be able to achieve high

speeds in the following repetitions (study 3).

Study 2 also shows that increasing the number of exercise repetitions is likely more
beneficial in delaying the onset of fatigue in external load variables, allowing players to
maintain high levels of intensity for longer periods. Similar evidence was previously
reported through a study (Sampson et al.,, 2015) in which a long exercise duration
(continuous method) caused moderate effects on external load indicators, whereas in
short and repetitive exercise (fractionated method), only small variations were
observed. These outcomes suggest that the main effects of fatigue arise with continued

effort over longer periods (Sampson et al., 2015).
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Collectively, these results highlight the importance of an accurate definition of the
series duration and recovery time period between each series for the correct
preparation (Miiller, 1953). The ideal combination of these variables induces increases
in working capacity, and consequently, in maintaining high training loads during the
following repetitions (Laursen, 2010). While keeping high training load, blood flow
increases, which accelerates muscle metabolic recovery accommodated by
phosphocreatine (PCr) resynthesis, regulation of organic phosphate concentration, and
muscle lactate oxidation (Seiler & Tonnessen, 2009). In addition, with appropriate
management of the above variables, it is possible to maintain a minimum level of VO.,
which reduces the time required to reach VO.m. during the following repetitions
(Billat, 2001; Midgley & Mc Naughton, 2006) and allows players to maintain high

performances with each repetition performed.

Study 3 also concluded that short recovery periods (30 s) are sufficient for maintaining
the training load and slowing the onset of fatigue during exercise. The consequences of
physiological fatigue reported in the literature are therefore minimized, preventing the
increase in hydrogen production (due to increased activity of the glycolytic pathway),
with a consequent reduction of muscle pH (i.e., increase of acidosis), elevation of
interstitial K+ content, and reduced levels of energy substrates (i.e., creatine phosphate
and glycogen) (Alghannam, 2012). Possible explanations are related to the availability
of PCr. Considering this possibility, the accumulation of lactic acid increases and the
muscle pH decreases (Alghannam, 2012). Although pH is the most prevalent factor for
maintaining strength production during high intensity exercises, the availability of PCr
is actually more prevalent for the initial part of high intensity exercises (KoKklii et al.,
2015). Moreover, the results of a recent study (Spencer et al., 2005) emphasize that HR
adaptive responses occur more quickly with up to 1-minute recoveries.

Previous studies have also shown that soccer requires players to repeatedly produce
maximum short-term actions interspersed with brief periods of recovery (Spencer et
al., 2005), and this may be a key factor in explaining our results. A soccer match
requires a combination of movements at different speeds, and participants must
repeatedly produce maximum or near maximum short-term actions with a short
recovery period. Thus, SSGs performed with short repetitions and short recovery
periods recreate the real game situation, causing adaptations that enhance the
performance of the players during the competition.

Furthermore, the ability to perform high intensity efforts repeatedly is influenced by
the nature of exercise and recovery periods. In general, the greater exercise interferes

with homeostasis, the greater its effect on recovery metabolism (Brehm & Gutin, 1986).
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Tomlin & Wenger, (2001) adds that the more complex these regenerative processes
are, the greater the ability to generate strength or maintain power in subsequent effort

intervals (Brehm & Gutin, 1986; Gaitanos et al., 1993; Tomlin & Wenger, 2001).

Therefore, one short recovery period between series can promote physiological
recovery, allowing higher intensities of work in the following series (Hill-Haas et al.,
2009). Also, during high-intensity activities performed during SSGs, it has been
reported that PCr is responsible for approximately half of the energy supply for ATP
resynthesis, and the contribution of PCr is determined by the amount of PCr restored in

the body during the rest period (Glaister et al., 2008).

During SSGs using the fractionated method, in each repetition, there are marked drops
in the PCr concentrations in the body. These changes cause elevations in lactate
concentration and H*, which has been suggested as one of the causes of reduced
performance during subsequent repetitions (Aziz et al., 2007; Bravo et al., 2008), that
can also be justified by progressive depletion of glycogen reserves (Spencer et al.,

2005).

However, during the recovery period, the rate of glycolytic activity for ATP resynthesis
is regulated by synergies between various metabolic processes that require little time to
make the non-total but sufficient energy available for the next activity. Moreover,
during recovery from short, high-intensity efforts (<5 mins), VO, remains elevated to
reestablish metabolism to resting conditions based on processes that promote
resynthesis of PCr (Bangsbo et al., 2006; Spencer et al., 2005). Therefore, and
according to the soccer game demands, if it is imperative that players are able to
perform maximum sprints and other movements repeatedly with high intensity, the use
of fractionated SSGs with 30 s of recovery is suggested. For this mechanism to be
effective, however, it is necessary that there are high levels of PCr in the fast and slow
fibers to quickly resynthesize degraded ATP during exertion (Mohr et al., 2003). The
resynthesis mechanism of phosphocreatine is fast and shows biphasic behavior through
fast (21—22 s) and slow (~ 170—180 s) phases (Harris et al., 2000), which makes it clear
that different recovery times may have implications on player performance. Thus, our
results show that 30 s may be sufficient to allow considerable resynthesis of
phosphocreatine and that 1.30 min and 2 min allow complete resynthesis.

In addition, the results of study 3 may also have a psychophysiological explanation. In
fact, players like to perform SSGs because the time of contact with the ball is longer

than any other exercise performed and can result in greater motivation and pleasure
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derived from the exercise. Thus, having recovery periods longer than 30 s can translate
into unnecessary mental fatigue and strain derived from stress related to the anxiety of
wanting to play as long as possible. In this sense, previous studies (Boksem et al., 2005,
2006) revealed that the decrease in motivation was associated with mental fatigue and
can affect the level of effort that one wishes to exert on a task (Brehm & Self, 1989).

Our results also revealed that very significant changes were not found between the
continuous and fractionated methods for the internal load indicators analyzed.
Although small variations in the internal load indicators are reported between the
training methods, more significant increases were found in some external load
indicators, which may be considered better indicators of the physical impact of

exercise.

From a practical point of view, this thesis presents important and novel data that can
be useful for coaches and highlights the importance of their decision making when
organizing exercises using the continuous or fractionated methods. In addition, this
thesis explored the impact of varying recovery time on training load during the
performance of a SSG based on fractionated training (Study 3). Also, the conclusion
and implications were straightforward regarding a specific game format (5-a-side)

(study 2 — 4).

For example, if the coach wants to maintain high physical performance and high
training load responses to prepare players for a game’s demands, they should choose
the fractional method with short repetitions and short recovery time periods (i.e., 30 s)
(Study 3). Alternatively, if the coach wishes to carefully manage the players’ efforts
(e.g., post-competition muscle regeneration training) and decrease the response to the
training load, they should use continuous method. If the coach wants to create an
exercise with a lower training load, allowing players to focus more on learning other
components over the duration, it would be more appropriate to select a continuous
method (e.g., 24 min) (Study 2). Finally, if the goal is to constantly provide adaptations
to the game environment, highlighting what occurs during the game, the exercise

should be performed in shorter repetitions (e.g., 4x6 min) (Study 2).

In order to achieve the maximum benefit resulting from the application of SSGs, it is
essential that the coach prescribes properly structured exercises, based on the desired
goals for the different training domains (i.e., physiological, physical, technical and
tactical) and the type of stimulus desired for the unit or training cycle in question.

Additionally, it is important that the focus is not only on improving performance but
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also on maintenance and recovery of the players, which means that controlling the

imposed training load, plays a key role in soccer performance.

To increase or decrease fatigue, training loads can be adjusted during a training cycle,
depending on the training period (for example, pre-season, season or detraining
period), goals and variables can be manipulated to control the intensity of the SSG.
Among these variables are the size of the playing field, number of players, recovery
time and training method. These variables can be manipulated to manage physical
efforts and exercise fatigue and increase or decrease the training load. For example,
during an SSG, to carefully manage players' efforts (e.g., post-competition muscle
regeneration training) and decrease responses to training load, continuous or
fractionated methods with longer recovery times (i.e., 1—2 min) should be used. To
ensure a lower training load, it would be more advisable to select an exercise performed
by the continuous method (e.g., 18 min). Finally, to request and develop maximum
player speeds, SSGs should extend the recovery period between repetitions to 2 min.
Once different recovery times induce different physical responses in the players, the
coach can then manipulate SSGs throughout the season in different phases (e.g., pre-
season, competitive period, and after the detraining period) depending on the level of

development of the motor skills desired.

These findings provide new evidence for the relationship between exercise and recovery
durations during SSGs in soccer and offer new insights for researchers, coaches, and

athletes to improve training efficiency and optimize performances.

The main limitations of this thesis include the following;:
i.  Only one SSG format was used.
ii.  The investigation was conducted in only one age group.
iii.  Only HR indicators were used to measure the internal load.
iv.  Changes in tactical behavior and technical proficiency for training methods were

not considered.
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Chapter 6

Overall Conclusions

This thesis emphasizes that during the SSG, the fractionated training method induces

higher training load compared to the continuous method. Also, different fractionated

methods induce different training loads. About the effect of different recovery times, for

the same total exercise time, differences in training load were found.

The main conclusions of this thesis are:

II.

III.

Iv.

VL

VII.

VIII.

IX.

The application of a SSG by using fractionated method allow to induce a greater
training load (greater physical impact) compared to the use of the continuous
training method

In SSGs the increase in the number of exercise repetitions (fractionated
method) led to increase the external load compared to when using the
continuous method.

The continuous method presented the tendency of the decreased in the
distances travelled with different intensities.

Regarding the HR responses, the data were trivially different, suggesting
punctual variations between methods.

During SSGs, although the possible increases in the internal and external load,
the external load seems to be more susceptible to greater variations when
comparing the use of the continuous and fractionated method.

The manipulation of the recovery times induced differences in internal and
external load.

For the same total exercise duration, the use of different recovery times is
enough to induce different responses in the internal and external loads, during
SSGs.

When performing a SSG with the same total duration time, the external and
internal load indicators tend to reveal higher values during the fractionated
method particularly with short moments of recovery time.

Small variations in exercise duration and recovery time can have important
implications for players' physical performance.

The physical impact of the SSG appears to be very sensitive to small variations
in time (in the total duration, in the duration of each repetition, in the duration

of the interval between repetitions)
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XI.

XII.

XIII.

XIV.

XVII.

Longer recovery time periods (e.g., 2 min) tend to cause an increase in the ‘max
speed’ of players,

Short recovery time periods of 30 s tend to promote generally higher internal
and external physical requirement of the exercise and appear to be sufficient to
maintain a high level of exercise intensity during SSG

The recovery time of 1 min 30 s allowed more distance travelled at different
intensities compared to the other recovery times, with exception of the recovery
times of 30-s duration.

Longer recovery times (i.e., 1-2 min) do not necessarily imply an increase in the
internal and external exercise load in a SSG.

If the coach's goal is to induce high training loads in 5-a-side SSG situations, the
fractionated method is the most appropriate, since longer exercise durations
appear to have a direct relationship with the decrease in internal and external
training loads.

During 5-a-side SSG the continuous method seems to provide the ideal training
load for recovery / regeneration training

Both methods are suitable to enhance performance during 5-a-side SSG, and the
choice of training method to be used should be dependent to the type of

objectives defined for the training session.
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Chapter 7

Suggestions for future investigations

This study provides useful knowledge about the training method to be used in SSG and

the consequences of training variables manipulation such as the total duration of the

exercise, the duration of each repetition and the duration of each rest interval between

exercise repetitions. However more detailed information on the topic is need. Some

possible future investigations are listed below:

II.
III.

Iv.

VL

Replicate these studies with different age groups and game formats.

Replicate the study using more internal load variables.

To continue the experimental investigation in a broader context, in other soccer
training exercises.

Understanding and comparing the impact of a team's playing style on training
load indicators, tactical behavior and technical performance resulting from
SSGs applied by different methods.

Compare possible differences in the perception of the players' effort in
performing different fractionated SSG formats with the same total duration and
different recovery times.

Future studies should investigate whether there are changes in the technical and

tactical component based on the use of different training methods.
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