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Abstract

To date, limited data exists regarding the seasonal training-loads incurred by elite soccer
players. The purpose of the thesis was to examine the seasonal training-load incurred by
elite English Premier League soccer players including the influence of different coaching

philosophies on player loading and resulting player training status.

The aim of the first study (Chapter 4) was to compare two different tools used for
measuring internal training load in elite English Premier League soccer players. During
an in-season competitive period, the field-based training sessions of 19 elite players were
monitored across a total of 1010 individual sessions. Players were also categorised in
relation to playing position, with 4 central defenders, 4 wide defenders, 6 central
midfielders, 2 wide midfielders, and 3 attackers participating in the study. The correlation
between changes in sSRPE and heart rates was r = 0.75 (95% CI: 0.71-0.78), with
correlations remaining high across the different player positions (wide-defender, r = 0.81;
central-defender, r = 0.74; wide midfielder, r = 0.70; central midfielder, r = 0.70; attacker,
r =0.84; P <0.001). The correlation between changes in SRPE and HR, measured during

a season-long period of field-based training, is high in a sample of elite soccer players.

The aim of the second study (Chapter 5) was to quantify the seasonal training loads
elicited in elite English Premier League soccer players. External (global positioning
system [GPS]) and internal (SRPE-TL) training loads were analysed in 26 elite soccer
players across an in-season (36-week) competition phase. A stadium-based tracking
system was used to record external load during 49 matches. Training and match loads

were categorised into 6-week mesocycle phases, and subsequent weekly (microcycle)
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calendar blocks. Players were assigned according to playing position, with 4 central
defenders, 4 wide defenders, 7 central midfielders, 3 wide midfielders, and 8 attackers
participating in the study. Daily sRPE-TL (95% CI range, 15 to 111 AU) and total
distance (95% CI range, 179 to 949 m) were higher during the early stages (mesocycle 1
and 2) of the competition period. Across the within-week microcycles, load was greater
on match day and lowest pre-match day (G-1) vs. all other days, respectively (p < 0.001).
SRPE-TL (~70-90 AU per day) and total distance (~700-800 m [per day]) progressively
declined over the 3-days leading into a match (p < 0.001). High-speed distance was
greater 3-days (G-3) before a game vs. G-1 (95% Cl, 140 to 336 m) while very high-speed
distance was greater on G-3 and G-2 than G-1 (95% CI range, 8 to 62 m; p < 0.001). This
was the first study to systematically quantify the training and match loads employed by
an English Premier League team across a competitive season. The observed training and
match load indicated that periodisation of training is mainly evident across the weekly
microcycle, particularly during the 3-days leading into competition. The periodisation
strategy adopted during the competition period, largely reflects the head coach’s personal
philosophy, and attempts to balance the need to ensure adequate post-match recovery with

optimal preparation for the subsequent game.

The aim of the third study (Chapter 6) was to evaluate the training load distribution in
elite English Premier League soccer players under two different coaching strategies. The
20 elite soccer players were monitored across the annual competition phase (36-week) of
two successive seasons (2012-2013 [season 1]; 2013-2014 [season 2]). Training load was
categorised into 6-week mesocycle phases, and subsequent weekly (microcycle) calendar
blocks. There was a significant interaction between season and mesocycle for all variables

(all p <0.05). Mean match high-speed distance covered was 159 + 79 m higher in season
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1 (2334 + 961 m) compared with season 2 (2175 + 907 m) (95% CI range, 57 to 261 m)
(p <0.05). There was a higher frequency of competitive matches in season 1 (n = 49) than
season 2 (n = 34). Daily training minutes were higher across mesocycles 1 and 2 in season
1 versus season 2 (95% ClI range, 1.2 to 13.6 min). In contrast, all other variables (SRPE-
TL, total distance, high-speed distance, very high-speed distance, accelerations,
decelerations) were greater in season 2 than season 1 across selected mesocycles.

There was a statistically significant interaction between season and day type for
all variables (all p < 0.001). Daily training minutes were higher on G-3 (95% CI range,
6.0 to 12.8 min) in season 1 versus season 2. s-RPE-TL, total distance, high-speed
distance, and very high-speed distance were all greater during season 2 compared with
season 1 (all p <0.001). A higher number of accelerations were observed across all day
types (95% ClI range, 13 to 30 [n]), and a greater frequency of decelerations were reported
on G-3, G-2, and G-1 in season 2 compared with season 1 (95% CI range, 18 — 35 [n]).
The present findings indicate novel insights into how different periodisation strategies
adopted by coaches impact the training loads elicited in a sample of elite soccer players.
This was the first study to systematically evaluate the influence of different coaching

philosophies in the same group of elite players at an English Premier League club.

The aims of the fourth and final study (Chapter 7) was to determine the ASRM responses
in elite English Premier League soccer players under two different coaching strategies
(Chapter 6). Daily ASRM (fatigue, sleep quality, and muscle soreness [DOMS]) were
measured in the same 20 elite soccer players using a 7-point Likert psychometric
questionnaire (Hooper et al., 1995). ASRM were taken from each player across the three
training days leading into competition (G-3, G-2, and G-1). Mean differences in ARSM

between mesocycles and day-type were assessed for practical relevance against a minimal
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practically important difference (MPID) of 1-point on the 7-point Likert scale. Match load
covariate adjusted mean wellness measures were significantly higher during season 2
compared with season 1 (p < 0.05). Despite the observed statistically significant
differences for mean daily fatigue (95% CI range, -0.2 to 0.2 AU), sleep (95% CI range,
-0.1 to 0.1 AU), and muscle soreness (95% CI range, -0.04 to 0.04 AU), no MPID were
observed between season 1 and season 2. The present findings demonstrate that
differences in training load across the three days leading into a game did not elicit
practically relevant changes (> 1-point) in the ASRM response when controlled for
differences in match load. These findings have important implications for the application
of ASRM across in-season training weeks in elite soccer. Future research is needed to
examine the responsiveness of ASRM to changes in training and competition loads in

elite players.

The results of this thesis provide novel information regarding the evaluation of training
load in elite soccer players. The data demonstrate that SRPE is a valid, simple and non-
invasive measurement tool for assessing the internal load in soccer players while data
describing training periodisation philosophies adopted by elite teams provides valuable
insights for physical coaches preparing elite players. Finally, information presented on
ARSM provides practitioners with important insights regarding their implementation

across the weekly training microcycle undertaken by elite players.
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1. Introduction

Training to improve athletic performance is a process of adaptation that involves the
progressive manipulation of a physical training load (Manzi et al., 2010). While training
should be considered a multifactorial process, enhancements in performance are achieved
through planned manipulation of the training load (a product of the volume and intensity
of training) (Manzi et al., 2010). As a consequence, accurate assessment of the individuals

training load represents an essential component of effective training prescription.

Evaluating the physical demands of training requires accurate assessment of both the
internal and external load. This is particularly important in team sports such as soccer
where differences in individual responses to the same external workload occur (Manzi et
al. 2010). The physiological strain resulting from the external training factors has been
labelled the internal training load and represents the important stimulus for training
induced adaptation (Viru and Viru, 2000). Therefore, valid and reliable indicators of
internal training load are essential to monitor the training process. Several approaches
derived from heart-rate have been developed in an attempt to quantify the internal training
load across a range of sports (Morton et al., 1990; Impellizzeri et al., 2004; Stagno et al.,
2007). Heart-rate represents a valid means through which to measure exercise intensity
in endurance sports (Astrand & Rodahl, 1986), but this method is questionable in soccer,
where the overall training load can comprise anaerobic-based components (Impellizzeri

et al., 2004).

The sRPE method is used to evaluate training session load in soccer by multiplying sSRPE

derived for the entire session by its duration (Foster et al., 2001). The application of
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various rating scales including the category ratio CR10, CR-100 and Borg 6-20 scales
(Borg, 1982; Borg and Borg, 2001; Foster et al., 2001) have been applied to provide a
valid measure of the internal training load during both aerobic (Impellizzeri et al., 2004)
and anaerobic (Day et al., 2004) exercise. The sRPE has been reported to be a valid
subjective measure of training intensity during endurance sports (Foster, 1998) and
intermittent team-sports such as soccer (Coutts et al. 2003; Impellizeri et al., 2004;
Casamichana et al., 2013). Despite attempts to validate SRPE for use in intermittent team
sports such as soccer, the majority of studies have focused on sub-elite players over a
small number of training sessions under well-controlled conditions (Impellizzeri et al.,
2004; Alexiou and Coutts, 2008; Casamichana et al., 2013), as opposed to monitoring
elite players participating in soccer-specific training sessions over extended periods of
time, which is synonymous with the ‘real world’ of elite soccer. Furthermore, it is
essential in longitudinal studies which ‘track’ sRPE that the most appropriate statistical
approach is employed to quantify within-participant correlations. That is, the longitudinal
dataset is modelled as a whole using the correct degrees of freedom, rather than by
calculating correlations for individual players (Bland and Altman, 1995; Lazic, 2010;
Atkinson et al., 2011). Thus, further work is needed to further investigate the usefulness

of sRPE in elite soccer.

The evolution of global positioning systems (GPS) has provided the opportunity to derive
more detailed, valid, and reliable estimates of the external load in multi-directional team
sports such as soccer (Barbero-Alvarez et al., 2010; Portas et al., 2010). The overriding
aim of the annual training programme in elite soccer is to ensure players are able to cope
with the increasing physical demands of the modern game while simultaneously reducing

susceptibility to injury (Barnes et al., 2014; Martin-Garcia et al., 2018; Gregson et al.,
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2019). The training pattern in elite soccer is largely dictated by competitive match
scheduling (Fessi et al., 2016; Martin-Garcia et al., 2018), domestic and international
travel requirements, and the experiences and philosophy of the head coach (Impellizzeri
et al., 2005; Bangsbo et al., 2006a; Akenhead and Nassis, 2016; Weston, 2018). The day-
to-day distribution of training load within elite soccer has been a highly debated issue,
which has highlighted the importance of the in-season weekly training microcycle around
games. In recent times, there has be an increasing interest in the structure of weekly
training loads in elite soccer, but to date, few reports exist which have published data on
elite players (Malone et al., 2015; Anderson et al., 2016; Los Arcos et al., 2017; Stevens
et al., 2017; Martin-Garcia et al., 2018). Furthermore, no attempts have been made to
understand the degree to which load is influenced by different coaches by examining the
responses in the same players under different training philosophies. As a result, future
work should focus on how training load is programmed during the annual competition
period from the perspective of a more extensive network of elite soccer teams while under

the guidance of different coaching approaches.

In elite soccer, it is paramount that training and match loads are optimally balanced with
sufficient recovery time to negate escalations in fatigue levels, which serves to prevent
the increased risk of injury or illness associated with the debilitating effects of
overtraining (Nimmo and Ekblom, 2007). Evaluating training status allows for the
assessment of individual responses to the prescribed training stimuli as well as monitoring
individual fatigue levels (Halson, 2014). The individual training status in players can also
be used to inform subsequent adjustments in the training loads elicited. One method
currently used to monitor training status of players is psychometric questionnaires

(Borresen and Lambert, 2009; Buchheit et al., 2013). It has been suggested subjective
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measures of athlete monitoring methods have better sensitivity and more consistency than
objective measures, enabling a more accurate reflection of changes to acute and chronic
training loads (Saw et al., 2016). Given the training process is athlete focused, the use of
subjective measures appears to provide the ability to measure constructs and dimensions
that are not objectively measurable, thus enabling the assessment of how an athlete is

tolerating training demands (Jeffries et al., 2020b).

Recent surveys have shown the use of athlete self-report measures (ASRM) have
increased exponentially as the most frequently adopted tool used for monitoring training
status in elite sport (Thorpe et al.,, 2017; Jeffries et al., 2020b). Several ASRM
methodologies currently exist to assess the well-being of athletes, including POMS,
DALDA, TQR, and REST-Q (Kenttd and Hassmén, 1998; Coultts et al., 2007b; Coutts
and Reaburn, 2008; Buchheit, 2015). These methodologies are, however, often time-
consuming and extensive in nature making them unsuitable for application within the
team sports setting due to the large number of athletes involved in the process (Thorpe et
al., 2017). To overcome this problem, simple ASRM can be implemented using a quick,
customised short-duration questionnaire, offering a time-efficient and simple method to
facilitate in the assessment of training status across multiple athletes (Thorpe et al., 2015;
Thorpe et al., 2016). Furthermore, this approach can be used on a daily basis before the
commencement of exercise, to reduce interference with the athlete’s daily training routine

(Thorpe et al., 2017).

Previous observations on endurance athletes have demonstrated that ASRM may be
responsive to changes in performance and biological markers associated with overtraining

syndrome (Hooper et al., 1995; Urhausen and Kindermann, 2002; Coutts et al., 2007b;
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Meeusen et al., 2013). In soccer, morning measured ASRM have been shown to respond
to changes in daily training loads experienced by English Premier League players and
were more responsive than heart-rate derived measures to fluctuations in daily training
session load during a standard in-season training week (Thorpe et al., 2015; Thorpe et al.,
2016). These findings suggest the application of ASRM in elite soccer may represent a
valid method by which to assess the training status of individual players on a daily basis
across the annual competition phase. However, in light of the few studies conducted to
date, further research is needed to fully understand the extent to which ASRM respond to

changes in training load experienced by elite players.

1.1 Background to Research Studies

The measurement of internal load during soccer training is important since it represents
the stimulus for the long-term adaptive response (Viru and Viru, 2000). The accurate
assessment of an individual players training load is therefore a vital component for the
effective programming of training. The sRPE correlates with the heart-rate during field-
based training sessions (Impellizzeri et al., 2004; Casamichana et al., 2013). However, to
date, studies in which the relationship between sRPE and HR-based estimations of
training has been quantified in soccer are sparse and have principally focussed on sub-
elite level players monitored over a small number of training sessions (Impellizzeri et al.,
2004; Alexiou and Coutts, 2008; Casamichana et al., 2013). Elite players possess higher
levels of fitness partly reflecting their exposure to more advanced training methodologies
thus making it unfeasible to extrapolate the findings from sub-elite players to elite players.
Furthermore, studies employing sub-elite players did not employ the appropriate

statistical approach, omitting to quantify within-participant correlations across the
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longitudinal datasets (Bland and Altman, 1995; Lazic, 2010; Atkinson et al., 2011). In the
initial investigation, the within-participant correlation between the sRPE and heart-rate
based methods for estimating training load in elite soccer players will be examined across

an in-season competitive phase (Chapter 4).

The physiological demands of soccer are complex. The training programmes and
associated physiological demands of elite teams are largely influenced by the head coach
and the coaching strategies and tactics employed (Arcos et al., 2017). In recent times, it
appears the tactics employed by elite teams are becoming more wide-ranging, with a
multitude of attacking and defensive playing formations employed, thus impacting the
styles of play adopted by the team. For example, some coaches may employ possession
soccer which is a (low-intensity) strategy designed to give the team greater control of the
game, whereas an alternative approach may be counter-attacking soccer which can be
very effective, particularly for teams with fast attacking players (Fernandez-Navarro et
al., 2016). The employment of new strategies and tactics will influence the physical
demands imposed on individual players which may have implications for both team
performance and the incidence of injury. The stochastic movement demands, and
sporadic high-intensity work bouts further compound the work rate profile, resulting in
variability between the desired training load and the actual training load exposure
(Malone et al., 2015). It is paramount that the training programmes implemented in elite
soccer are multifactorial in content and serve to optimise individual player fitness levels
(Morgans et al., 2014). Monitoring the individual player’s daily training load therefore
represents an important component of the effective planning of a soccer-specific training
regimen (Weston, 2018). To date, few studies have provided insight into the training loads

endured by elite players (Malone et al., 2015; Anderson et al., 2016; Los Arcos et al.,
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2017; Stevens et al., 2017; Martin-Garcia et al., 2018). Recent studies have centred on
examining the training models adopted by elite European soccer teams, with different
training periodisation strategies emerging when observed across the repeated weekly
microcyles (Malone et al., 2015; Los Arcos et al., 2017; Stevens et al., 2017; Martin-
Garcia et al., 2018). Whilst these studies provide valuable insights, further observations
are required in order to gain a comprehensive insight into the periodisation practices
adopted by professional teams (Weston, 2018). Therefore, the second aim of this thesis
is to quantify the combined external and internal training and match-load distribution
across the competition phase of one full season at an English Premier League club

(Chapter 5).

A recent survey of elite English soccer clubs suggests team training is mainly dictated by
the head coach (Weston, 2018), based on tradition, emulation, and historical precedence
as opposed to consideration of the latest scientific research (Stoszkowski and Collins,
2016). In recent times, there has been a greater incidence of elite clubs changing the head
coach responsible for team tactics in an attempt to achieve future success. The
introduction of a new coaching philosophy applied to the same group of elite players, and
how this may impact subsequent training periodisation strategies is currently unknown.
While studies in elite soccer have enhanced or understanding of the nature of
periodisation models adopted by elite teams, the use of different players, standards of
play and different GPS technologies limit our ability to understand the degree to which
different periodisation strategies adopted by coaches influence the training load
encountered by elite players. Therefore, the third aim of this thesis (Chapter 6) is to

examine the loads experienced by the same group of elite players wearing the same
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technology under different coaching philosophies, to further aid our understanding

regarding the degree to which different periodisation models influence player loading.

High competition loads have dramatically influenced how training strategies are
employed in elite soccer, with many coaches adopting different periodised approaches
(Thorpe et al., 2017). Previous research has shown elite soccer teams with lower injury
rates have an increased chance of success in domestic and European league competitions
(Hagglund et al., 2013). Injury prevention strategies are therefore central to the role of
the support team in an attempt to increase the availability of players for selection (Thorpe
etal., 2017). In light of the importance of managing the players training and fatigue status,
the use of ASRM has become a popular choice in recent times, due to its simplistic, non-
invasive, and time-efficient nature (Twist and Highton, 2013). Managing fatigue status is
a vital process in facilitating adaptation to daily training stimuli, ensuring players are
optimally prepared for competitive matches (Pyne and Martin, 2011), while
simultaneously reducing predisposition to illness and injury (Nimmo and Ekblom, 2007).
The final aim of this thesis will examine ASRM responses to the different loading
strategies presented in Chapter 6 to better understand the influence of different training

periodisation strategies on player training status (Chapter 7).
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1.2 Aims and Objectives

Table 1. 1 Aims and objectives of the thesis.

Aims

Objectives

To compare two different tools used
for measuring internal training load
in elite soccer players.

To quantify the seasonal training-
loads elicited in elite English
Premier League soccer players.

To evaluate the training-load
distribution in elite English Premier
League soccer players under two
different coaching strategies.

To determine the ASRM responses
in elite English Premier League
soccer players under two different
coaching strategies.

To examine the relationship between session-RPE
and heart-rate for quantifying the internal training
load in elite soccer players.

To quantify the internal and external training and
match-load distribution across a season in elite
English Premier League soccer players.

To compare the internal and external training-load
distribution in elite English Premier League soccer
players under two different coaching strategies.

To examine the responsiveness of ASRM to
differences in training load distribution observed in
elite English Premier League soccer players under
two different coaching philosophies.
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CHAPTER 2: LITERATURE REVIEW
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2. Literature Review

The aim of this literature review is to provide the reader with information regarding the
quantification and distribution of seasonal training-load in elite English Premier League
soccer players. The initial section of the review outlines the physical and physiological
demands of soccer match-play followed by an examination of how the different
components of training are programmed across the season to physically prepare the
players for competition. Subsequent sections review approaches to quantifying the
training load encountered by elite players and how training load is periodised within the

context of elite soccer.

2.1 Physical and Physiological Demands of Soccer Match-Play

Soccer is characterised as a high-intensity intermittent sport. During a 90-minute soccer
game the activity patterns of players occur sporadically, incorporating bouts of high-
intensity efforts interspersed with periods of lower-intensity activities (Svensson and
Drust, 2005). The physiological consequences of performing irregular bouts of high and
low-intensity activity require players to be competent in several components of ‘soccer-
specific’ fitness, which include aerobic and anaerobic power, muscular strength and
power, and agility and flexibility (Reilly and Thomas, 1976; Ekblom, 1986; Reilly and
Doran, 2003). An effective training programme must therefore incorporate various
components at exercise intensities experienced during competitive games to ensure that
the player is ‘soccer fit’ and capable of meeting the demands of elite level competition

(Reilly, 2005).
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The overall energy demands of competitive soccer match-play are reflected in the total
distance covered during a game. The general consensus within the literature is that
player’s cover about 10-13 km during a 90-minute game at the elite-level (Ekblom, 1986;
Barros et al., 2007; Di Salvo et al., 2007; Dellal et al., 2011; Andrzejewski et al., 2016).
Total distance covered during matches has been shown to fluctuate and these variances
may be attributable to a number of contextual factors, namely the quality of the
opposition, type / level of soccer competition participated in, playing position and tactical
strategies employed by the coach (Di Salvo et al., 2009; Bradley et al., 2013; Barnes et
al., 2014; Bush et al., 2015). Consequently, it appears that the behaviour of each player is
strongly influenced by the team’s tactical strategy. Indeed, previous observations have
shown that high-speed activities are highly variable between games and are influenced
by factors such as ball possession and playing position as a consequence of changes in

the tactical and technical requirements of the game (Gregson et al., 2010).

Total distance covered in soccer may not truly reflect the overall energy provision during
competitive games (Reilly, 1994). Superimposed onto the work-rate profile is a vast array
of activities, which result in an activity profile that has been described as stochastic,
acyclical and intermittent with uniqueness through its variability and unpredictability
(Nicholas et al., 2000; Wragg et al., 2000). The work-rate profile in elite soccer alternates
between standing still to maximal running, whereby frequent bouts of high-intensity
activity, numerous accelerations and decelerations, change of directional mode,
unorthodox movement patterns and the execution of various technical skills also
contribute significantly to the total energy expended (Bangsbo, 1997; Reilly, 1997
Reilly, 2002). During a game, individual players workload encompasses about 1000 —

1525 discrete bouts of activity, with a change in type or intensity of activity occurring
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every 3.5 — 6 seconds, having a pause of 3-seconds every 2-minutes (Reilly and Thomas,
1976; Mohr et al., 2003). These are inclusive of 30 — 40 jumps and tackles, 30 — 40 sprints
(Bangsbo et al., 2006a), 3 — 40 bursts of high-intensity activity (> 23.0 km/h) (Di Salvo
et al., 2007), and about 726 turns (Bloomfield et al., 2007). Thus, a more thorough in-
depth analysis of the high-speed elements of match-play is needed in order to better
understand the physiological characteristics associated with competitive match-play

(Carling et al., 2016).

Elite-level work-rate profiles in soccer indicate that overall exercise intensity for the
duration of a 90-minute match is predominantly aerobic in nature (Di Salvo et al., 2007;
Castagna et al., 2011). Anaerobic efforts are called upon sporadically during match-play
when players are required to perform ‘match influencing’ high-intensity game-related
activities such as tackling, shooting, and jumping to head the ball (Bangsbo, 1994a; Stalen
et al., 2005). The magnitude of these movement patterns, and associated energy
demanding activities suggest the activity profile is intermittent in nature, requiring both
aerobic and anaerobic capacities (Nagahama et al., 1993). The exercise intensity in elite
soccer match-play places high demands on the aerobic energy system eliciting mean peak
heart rate values of ~85-98%HRmax (Ekblom, 1986; Bangsbo, 1994a). Energy
expenditure in soccer is consequential due to the duration of a match. At least 90% of the
energy release must be aerobic, and during a 90-minute game player’s work at intensities
close to anaerobic threshold, or around 85% of maximal heart rate (Hoff et al., 2002), a
value that is equivalent to an oxygen uptake of about 70-75% of VO 2max (EKblom, 1986;

Bangsbo, 1994a).
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During the high-intensity intermittent exercise bouts synonymous with soccer activity,
energy supply must continuously oscillate between fuelling contractile activity during
work periods and restoring homeostasis during intervening recovery periods (Balsom et
al., 1992). A large proportion of the activities undertaken during a soccer match are at
submaximal intensities whereby bouts of walking and jogging predominantly stress the
aerobic energy system (Di Salvo et al., 2009). Elite male soccer players perform around
1350 activities during a game which fluctuates every 4-6 seconds, which includes ~150-
250 bouts of high-intensity efforts, indicating a high rate of anaerobic energy turnover
(Mohr et al., 2003; Zamparo et al., 2015). The total duration of high-intensity exercise
during matches is approximately 7 minutes (Bangsbo et al., 1991), incorporating
movements such as sprints, jumps, tackles, short shuttle runs, changes of direction, and
technical ball-related actions (Mohr et al., 2005), which are regarded as critical elements

to influence the outcome of a match (Stelen et al., 2005; Faude et al., 2012).

The contribution of anaerobic metabolism to soccer performance has been examined
previously by the analysis of blood samples, which have been utilised to establish lactate
concentrations during matches. Several researchers have previously collected blood
samples from players during matches, with mean blood lactate concentrations of about
10 mmol-I being reported for elite-level players (Ekblom, 1986; Bangsbo, 1994a). This
evidence suggests that energy provision via anaerobic pathways is a significant
contributory factor to sustain physical output during elite soccer matches. However, it is
still uncertain how well blood lactate measurements reflect the muscular lactate
concentration as there are many different factors which can affect the release of lactate
from the muscle, and removal from the blood (Bangsbo, 1994b). To achieve a better

understanding of the anaerobic energy turnover during soccer match play, direct
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measurements of muscle lactate and other metabolites are therefore required. Krustrup
and colleagues (2006) carried out a study on thirty-one Danish fourth division players,
taking blood samples and muscle biopsies during three friendly games. Blood lactate
levels were 6.0 + 0.4 and 5.0 + 0.4 mM, with muscle lactate concentrations of 15.9 £ 1.9
and 16.9 + 2.3 mmol-kg1 d.w. reported during the first, and second halves respectively.
Krustrup and co-workers (2006) showed that during intermittent exercise, the blood
lactate levels can be high even though the muscle lactate concentration is relatively low,
concluding that blood lactate is therefore a poor indicator of muscle lactate during soccer

match play.

When studying the exercise patterns inherent in soccer, it becomes apparent that the
physiological demands of the game are complex (Morgans et al., 2014). Previous
researchers have shown that the incidence of high-speed activities completed by players
during matches is highly variable between games (Gregson et al., 2010). Factors such as
playing position, physical / fatigue status of the player, technical demands, and tactics
employed by the head coach increase the highly variable nature in physical demands at
the elite level (Gregson et al., 2010; Akenhead and Nassis, 2016; Weston, 2018). During
a game, players may have a direct involvement in play resulting in the execution of high-
intensity activities such as dribbling the ball, turning, tackling, heading, jumping, and
changes in both the direction of, and velocity of movement, making the activity profile
intermittent. This necessitates contributions from both aerobic and anaerobic metabolism.
Soccer training must therefore incorporate the principles of training which should be
utilised to provide a sport-specific methodology (Reilly, 2005), ensuring that the
necessary energy systems are optimally overloaded to attain and maintain soccer-specific

levels of fitness.
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2.2 Physical Preparation of Soccer Players

The process of training targets the development of specific attributes with the aim of
enabling the proficient execution of various sport-specific tasks (Stone et al., 2007).
These include physical development, technical skills, tactical ‘knowhow’, psychological
characteristics, and injury resistance (Bompa and Haff, 2009). To successfully acquire
these attributes, it is essential that the applied training methodology is both specific to the
sport and the individual athlete. A systematic and soccer-specific training programme is
therefore fundamental to achieving improvements in an individual player’s performance.
The aim of soccer specific training is to minimise the time needed for recovery between
bouts of high-intensity exercise, and to provide an optimal physical stimulus to increase
the capacity to perform repeated bouts of exercise more frequently, throughout a game
(Reilly, 2005). The following sections of this review will aim to evaluate the principles
of soccer-specific training previously described, and the concept of ‘periodisation’
strategies implemented within elite soccer, as well as the systematic methodologies

currently employed to monitor both training and match loads elicited.

Soccer training can help a player endure the physical demands of soccer, sustain technical
ability, and maintain a high-intensity work output for the 90-minute duration of a match
(Bangsbo, 2003). The soccer training programme should therefore incorporate a number
of components, and the method employed by the coaches should reflect that of a multi-
dimensional approach (Morgans et al., 2014). An ergonomics model of the soccer training
process serves to enable the design of a specific conditioning programme tailored to meet
the different physiological characteristic requirements of match-play (Reilly, 2005).

Training these factors allows the player to further add training effects to his endowed
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characteristics in an attempt to maximally fulfil performance potential (Reilly, 2005).
Soccer-specific training should therefore integrate specific training plans for the
development of a number of energy systems as well as specific muscle exercises
(Morgans et al., 2014). Dividing fitness training into a number of components related to
the purpose of the training (Figure 2.1) would serve to increase both the robustness and
endurance levels of the player by improving tolerance to the physical endurance demands
of soccer, while simultaneously sustaining the necessary technical ability (Bangsbo et al.,

2006h).

Fitness Training

Aerobic Training

Anaerobic Training

Specific Muscle Training

e Low-Intensity
e Moderate-Intensity
e High-Intensity

e Speed Endurance

a. Production

e Muscle Strength

a. Functional

. b. Basic
b. Maintenance

- e Concentric
e Speed Training

- Low Speed

- High Speed
e [sometric
e Muscle
e Speed Endurance
e Flexibility

Figure 2. 1 Components of Soccer Fitness (adapted from Bangsbo et al., 2006b).

Training specific to soccer should be multifactorial in design to ensure that the complex
physiological demands of the sport are met. Minimising the time needed for recovery
between bouts of high-intensity exercise, and increasing the capacity to perform repeated
bouts of exercise more frequently throughout a game are key elements (Reilly, 2005;
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Bangsbo et al., 2006b). Aerobic training may be used to ameliorate the technical-tactical
ability of the players while simultaneously increasing the ability to sustain exercise at an
overall higher intensity during a match. Aerobic training should be performed where
possible with a ball (Reilly, 2005). Aerobic training can be divided into three overlapping
components which take into account that the player’s heart rate will fluctuate
continuously throughout the training session (Table 2.1) (Ekblom, 1986). During aerobic
low-intensity training (aerobicyi) the player performs light physical ac