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PREFACE

Soccer remains the world’s most popular form of sport and an integral part of the social and
cultural fabric of society in many countries. In recent decades, there has been a remarkable
expansion of sports science both as an academic discipline and as a field of applied practice.

 A number of institutions across the globe now deliver formal academic programmes of study
specifically related to soccer. Such academic programmes are supported by increasingly
productive research groups, who help to update relevant knowledge of how performance
can be improved in soccer, as well as how the sport can impact on society more broadly. In
the applied field, many professional clubs and national associations now routinely employ
support teams involving practitioners from the various sub-disciplines of sports science
including physiology, psychology, biomechanics, performance analysis, sociology and
coaching science. The historical development of sports science and its relationship with soccer
were documented in the introduction to a previous edition of this book a decade ago (see
Reilly and Williams, 2003); in the intervening years this association has continued to thrive,
with existing links being consolidated and new and innovative partnerships cultivated.

The third edition of this book presents another step in the process of updating knowledge and
reflecting on how improved scientific understanding can translate into a meaningful impact 
in soccer. The content of the book remains multi-disciplinary in scope, although the overall
focus has narrowed somewhat to concentrate more specifically on how science can help to
develop elite performers in the sport. This more focused approach reflects the fact that the
field has grown markedly since publication of the last edition, and consequently, some attempt 
at delineating the scope of the book was deemed essential in order to convey sufficient depth
and clarity in regard to the topics presented. The narrower focus on expert performance
reflects a growing awareness in the academic (Farrow, Baker and MacMahon, 2009; Hodges
and Williams, 2012; Kaufman, 2012) and popular literature (Coyle, 2009; Gladwell, 2008;
Sayed, 2009) of factors that influence the development of expertise in many domains of 
human activity. The focus on performance is not intended to underestimate the broader
impact that the sport can have on culture and society through, for example, its role in facilitating 
improvements in health and well-being.

The book is divided into six parts. The focus in the first part is on the biological sciences.
MacLaren and Morton discuss the nutritional requirements of elite soccer players and how
these differ before, during and after training and match-play. In the following chapter, Bangsbo
and Iaia outline some of the key considerations when ensuring that players are optimally
prepared physically for performance. These authors outline different training activities that may
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be used to improve aerobic and anaerobic fitness, as well as specific muscle function, at 
various stages in the season. The next chapter, by Drust and Gregson, provides a com-
plementary overview of how the different components of fitness may be measured using 
standard field- and laboratory-based measures. Some guidelines are presented as to when
during the season such tests should be employed. Mujika, Halson, Argus and Krustrup then
review methods that may help players to recover following training and matches. A number
of passive and active recovery strategies are presented, with no strong evidence to support 
use of one approach over another. In the final chapter in this part, Gregson and Drust discuss
how environmental stressors, including temperature, altitude and variations in circadian
rhythms, impact upon performance in soccer.

In the second part, the focus shifts to the behavioural and social sciences. Williams and Ford
identify the skills, processes and mechanisms underpinning the superior ability of elite players
to ‘read the game’. The key components of anticipation and decision making are highlighted
and implications for applied practice are discussed. Ford and Williams then consider the
factors that influence effective learning and raise the possibility of a theory–practice divide by
comparing existing coaching behaviours with empirical work from the skill-acquisition
literature. Next, Richardson, Relvas and Littlewood consider some of the social and cultural
factors that impact on elite player development and progression, such as the relative age
effect, place of birth, player migration patterns and the important transition period between
youth and senior professional level. Finally, Pain and Harwood review contemporary research
focusing on stress, coping and other mental attributes such as resilience and toughness. The
authors conclude with some suggestions as to how sport psychologists, parents and coaches
can help to provide an appropriate support network.

In the third part, the focus shifts towards performance analysis, biomechanics and coaching.
Carling and Court review the methods available for undertaking match and motion analysis.

 A review is provided of key performance indicators in soccer, and contemporary empirical
work focusing on the tactical, strategic and physical components of elite performance is
highlighted. Next, Cushion reviews contemporary research from the coaching sciences and
discusses its application. He highlights empirical work on coach behaviours and discusses the
potential implications of this work for coaching and coach education. The role of biomechanics
in developing elite performers is reviewed in the chapter by Lees. The author provides an
overview of methods available for analysing soccer skills such as kicking, the throw-in and
goalkeeping. He illustrates how biomechanical measurement techniques provide objective
methods for quantifying and improving the performance of elite players in soccer.

 A cross-disciplinary emphasis is adopted in Part IV, which provides an overview of research
on different population groups in soccer. The vast majority of researchers have focused on elite
male soccer players and, unfortunately, there is far less published work involving alternative
population groups. Scott and Andersson outline the physical demands of the women’s game
and discuss the implications for training, as well as the nutritional requirements of elite female
players. Boyd and Goosey-Tolfrey then consider the demands placed upon soccer players with
cerebral palsy and those with visual impairments. These authors outline some of the
assessments they have undertaken with these players and present a case study of their work
with the England Cerebral Palsy team at the 2007 World Championships. Weston and Helsen
consider the specific demands of match officials, who clearly can have a significant influence
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on the outcome of matches involving elite players. The authors consider the physical and
perceptual–cognitive demands of officiating in soccer and present implications for the
preparation and development of elite referees and assistant referees. A common theme
emerging from chapters in this part is the need for more systematic programmes of work with
these and other populations so that each group’s specific training and development needs can
be met.

In the next part, two chapters are presented on the theme of talent identification and
development. Vaeyens, Coelho e Silva, Visscher, Philippaerts and Williams consider some of 
the practical and conceptual issues underpinning the early identification of young players. The
authors argue the need for cross-disciplinary and longitudinal approaches to examine how elite
players are best identified and developed. Malina, Coelho e Silva and Figueiredo highlight how
issues related to growth and maturity impact on performance and whether players may be
included or excluded from elite development programmes. The authors conclude with some
implications for current practice.

In the final part, the aim is to illustrate more explicitly how some of the principles of science
presented in the earlier sections of the book are currently being applied in professional clubs.
Strudwick illustrates how science underpins his work with professional players at the highest 
level of the game, with a particular focus on the physical conditioning and preparation of 
players. He highlights some of the challenges involved when working at the elite level, as well
as how science can have a positive impact on the preparation and development of players.
Next, Nesti draws on his experiences working as a sport psychologist at several clubs in the
Premier League in England. He uses vignettes to illustrate some of the challenges faced by
players in dealing with the mental demands of the game and considers how the psychological
needs of players should be addressed. Finally, Burgess and Drust reflect upon their experiences
of developing a physiologically based sports science support strategy in the professional game.
The authors highlight key areas for consideration through the use of a detailed, case-study
approach. These final chapters nicely illustrate the translational impact of sports science at the
very highest level of the game.

In closing, I would like to acknowledge the sad passing of the editor of the original edition of 
this book, as well as my co-editor on the last edition. Professor Thomas Reilly passed away
after a long and brave battle with cancer, in June 2009. His visionary leadership of this field
and the phenomenal body of published scientific work that he leaves behind will continue to
have a significant impact for many generations to come. He inspired many people and paved
the way for future generations of scientists and practitioners interested in promoting greater
understanding and application of science in soccer. We will forever be in his debt.

 A.M. Williams
Brunel University
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PART I

BIOLOGICAL SCIENCES





CHAPTER 1

NUTRITION

D. MacLaren and J. Morton

INTRODUCTION

Soccer consists of an intermittent activity profile, incorporating periods of intense exercise
interspersed with lower levels of activity over 90 min. The estimated energy requirements for
a game involving both casual recreational and top-class professional players are between
21 and 73 kJ min–1 (5–17 kcal min–1). For a 70-kg player, the result could be the loss of 
approximately 100–200 g of carbohydrate. Since the body’s stores of carbohydrate are limited
(approximately 300–400 g), this loss is significant. If muscle stores of carbohydrate are not 
adequately replenished, subsequent performance will be impaired. The carbohydrate intake
of elite soccer players is often inadequate and so the concentration of carbohydrate in active
muscle may become low.

The energy demands of soccer are such that there is likely to be a significant production of 
heat within the body. Even in cold conditions, considerable amounts of sweat are lost in an
attempt to dissipate this heat, thereby resulting in a degree of dehydration. A mild degree of 
dehydration impairs skilled performance and affects strength, stamina and speed and thus,
an adequate fluid intake is necessary to offset the effects of dehydration.

 Although the major causes of fatigue for soccer players are the depletion of muscle and liver
glycogen stores as well as dehydration, players should be aware that muscle is composed of 
protein and water, and that following training there is the need to recover muscle structure
by stimulating protein synthesis (which is diminished during the exercise bout). Furthermore,
players are forever looking for nutritional supplements to help improve their performance
and aid recovery. Supplements which are relevant to soccer players include caffeine, creatine
and β-alanine.

In this chapter the nutritional requirements of soccer players are considered in terms of 
carbohydrates, fluid intake and protein. In addition, reference will be made to selected
ergogenic aids. Where possible, references are made to research in soccer and recom-
mendations are stated for use before, during and after training or competition. The reader is
directed elsewhere for a more complete understanding of the basic biochemistry of sport and
metabolism (see MacLaren and Morton 2011).
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CARBOHYDRATE REQUIREMENTS

Carbohydrates (CHO) are the main energy source for moderate to high-intensity exercise and
are therefore the most important energy source for soccer match play and training. The CHO
intake for soccer players should vary according to the specific training and competitive goals
of that particular day. Based on this premise of a periodised approach to CHO intake, an
overview of recommended daily CHO intake within a typical week of the soccer player’s
training and match schedule is shown in Table 1.1. The scientific rationale underpinning these
recommendations is discussed in the following sections. It should be noted that these
guidelines may be further modified according to individual players’ training and competition
goals as well as their preferred food choices.
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Table 1.1 Summary of suggested CHO intake for soccer players according to specific time-
points of the weekly training and playing schedule. Recommended intakes are expressed as
g.kg–1 of the athlete’s body mass. HGI, high glycemic index; LGI, low glycemic index.

Specific Suggested Additional comments
 situation CHO intake

Day before 6–10 g.kg–1 HGI CHO foods and drinks to augment glycogen stores for
game competition  on  the  following  day.

Breakfast on 1–3 g.kg–1 LGI CHO foods and drinks consumed. For a 3 pm kick-off, this
match  day meal  should  be  consumed  between  8  and  9  am.

Pre-match 1–3 g.kg–1 LGI CHO foods and drinks consumed. This meal should be
meal consumed  3–4  h  prior  to  kick-off.  For  mid-day  kick-offs,  this  meal

would effectively be breakfast.

During match 30–60 g.h–1 HGI CHO in the form of 6% CHO drinks or sports gels. Players
could take advantages of breaks in play to consume small but 
regular CHO intake to avoid gut discomfort. Additionally, the half-
time break should be used for refuelling according to the player’s
preferred approach. Players should practise fuelling strategies
during training in order to develop individually suited strategies.

Post-match 1.2  g.kg–1 h–1 HGI CHO foods and drinks consumed for several hours post-match
so as to promote glycogen re-synthesis.

Day after game 6–10 g.kg–1 HGI CHO foods and drinks consumed so as to promote glycogen
re-synthesis.

General 4–6 g.kg–1 Combination of LGI and HGI CHO foods and drinks consumed to
training  day ensure  adequate  CHO  availability  for  training  and  recovery

purposes, depending on the specific energy demands of the
particular training day as well as individual training goals. For
players wishing to lose body fat, <4 g.kg–1 would prove beneficial
(in conjunction with increased protein intake e.g. 2 g.kg–1) and LGI
choices should be emphasised.
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Muscle glycogen utilisation

The importance of muscle glycogen availability for soccer performance was recognised as
early as the 1970s. Saltin (1973) examined the effects of commencing a soccer game with
normal or low glycogen stores on players’ subsequent activity profiles and distances covered.
The distance covered during the second half was observed to be higher for the normal versus
low glycogen store (5.9 vs. 4.1 km, respectively). In the low condition, glycogen was nearly
depleted at half time (Figure 1.1) and significantly more time was spent walking (50 vs. 27%)
and less time spent sprinting (15 vs. 24%), as compared with the normal condition. Since this
initial observation, a number of other researchers have confirmed the presence of significant 
glycogen depletion during soccer match play (Jacobs et al. 1982) or simulated game activity
(Nicholas et al. 1999; Foskett et al. 2008).

The most informative investigation examining muscle glycogen utilisation in soccer was
from Krustrup et al. (2006). These authors observed that muscle glycogen over the course of 
3 friendly games was 449 ± 23 mmol.kg–1 dw at the start and decreased to 225 ±
23 mmol.kg–1 dw immediately after the match (Figure 1.2). These observations highlight that 
certain players started the game with what would be considered sub-optimal muscle glycogen
availability (likely due to inappropriate dietary practices in the days leading up to competition).
 Although post-game glycogen values in whole muscle suggest sufficient glycogen available to
continue exercising, analysis of individual muscle fibre types revealed that 50% of fibres could
be classified as empty or almost empty (see Figure 1.3). This pattern of depletion or near
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Figure 1.1 Muscle glycogen utilisation during a soccer game when commenced with either
normal or low muscle glycogen stores.

Source: Data taken from Saltin (1973).
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Figure 1.2 Muscle glycogen at rest and at various stages throughout the first and second half 
of a 90-min soccer match as well as immediately after the game. Each dot represents individual
values.

Source: Adapted from Krustrup et al. (2006: fig. 1).

Figure 1.3 Relative glycogen content in type I, IIa and IIx fibres as well as all fibres before
and after a soccer game.

Source: Adapted from Krustrup et al. (2006: fig. 2).
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depletion was evident in type IIa and IIx fibres, the fibres responsible for sprinting and high-
intensity activity. The finding of glycogen depletion in these muscle fibres is likely a contributing 
factor underpinning the progressive decline in the amount of high-intensity running and
sprinting that occurs throughout the course of a game (Mohr et al. 2003). These findings
highlight the potential role of muscle glycogen depletion as a key factor contributing to
nutritional-related causes of soccer-specific fatigue.

Importance of CHO loading the day(s) before the game

It is apparent that one of the main nutritional goals for soccer players is to ensure that they
commence the game with elevated muscle glycogen stores. The classic super-compensation
approach to CHO loading is not applicable to professional soccer players, owing to the
requirement of continual daily training as well as often playing 3 games within 7–8 days.
Fortunately, more moderate super-compensation protocols were later developed which
essentially focused on a reduction in training volume and a concomitant increase in CHO
intake in the days leading up to competition. It is now recognised that trained athletes can
CHO load and achieve high glycogen levels with as little as 1 day of a CHO rich diet and no
activity (Bussau et al. 2002).

Soccer players are recommended to consume a diet high in CHO for 1–2 days before
competition and certainly in the day preceding a match (see Table 1.1). In order to maximise
glycogen synthesis, it is appropriate to consume high glycaemic index (HGI) as opposed to low
glycaemic index (LGI) foods. A more detailed exposé on the Glycaemic Index (GI) can be seen
in MacLaren and Close (2009). Burke et al. (1993) observed that glycogen synthesis over a
24-h period is approximately 50% greater when HGI as opposed to LGI carbohydrates are
consumed. Such a nutritional approach coupled with the reduced energy demands associated
with training the day before the game (where coaches often schedule more tactical-related
training sessions) should optimise muscle glycogen availability. This approach to CHO loading 
has been shown to increase exercise capacity during intermittent running (Bangsbo et al.
1992). It is noteworthy that many soccer players often do not appreciate the importance of 
adequately fuelling up in the days prior to competition and are more concerned with the
evening meal the night prior to the game or the pre-match meal per se. For this reason, it is
important to educate players and coaches on the importance of nutrition for the day preceding 
competition.

Pre-match meals

Nutritional strategies for match day are largely dependent on the location and timing of the
match. For example, for a regular 3 pm Saturday kick-off nutritional preparation on match day
would consist of a light breakfast and the main pre-match meal consumed around 11.15 am.
 Alternatively, for an evening kick-off between 7.45 and 8 pm, match day nutrition would be
extended and the pre-match meal should be consumed at around 4–4.30 pm. Finally, at the
opposite end of the spectrum is the lunch-time kick-off (usually between 12 and 1 pm), and
in this situation match day nutrition would be limited, with breakfast effectively serving as the
pre-match meal. Regardless of the timing of the game, it is always advised that the pre-match
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meal be reasonably high in CHO content and consumed 3–4 hours prior to kick off so as to
allow sufficient time for digestion and avoid gastrointestinal problems such as nausea and
feelings of gut fullness. It is important that the stomach be reasonably empty at the time of 
commencing the match so that digestion and absorption of food do not compete with the
exercising muscles for blood supply. Furthermore, consumption of high fibre and high fat 
foods (even those associated with protein sources such as red meat and cheese) should be
avoided, given that they slow down the rate of gastric emptying.

The interpretation of scientific data on the effects of pre-exercise CHO ingestion on exercise
performance is complicated by variations in methodology between studies such as amount,
timing and type (i.e. HGI versus LGI) of CHO provided as well as exercise mode (e.g. running 
or cycling) and choice of performance test (i.e. capacity or performance test). Nevertheless,
the general consensus from studies in this area is that pre-exercise CHO provision improves
performance or capacity, as compared with commencing exercise in fasted conditions (see
Hawley and Burke 1997). However, considering that virtually all players will consume some
form of pre-match meal, as opposed to commencing games fasted, it is perhaps more
important to consider the effects of quantity and type of CHO consumed in pre-competition
meals. In relation to the former, Sherman et al. (1991) observed that time trial performance
after 90 min of steady state exercise at 70% V ˙O2max was greater when 150 g of CHO was
consumed before exercise, as compared with 75 g of CHO, both of which were greater than
no meal. The enhanced performance was associated with maintenance of blood glucose
concentration late during exercise, which is important because liver glucose production and
muscle glucose uptake and oxidation become more important when muscle glycogen
concentrations decline. A previous study by the same group also demonstrated that pre-
exercise feeding of 312 g CHO consumed at 4 hours pre-exercise was more effective in
augmenting exercise capacity, as compared to 156 and 46 g (Shermanet al. 1989). In the case
of the soccer player, such high intakes of CHO with the pre-match meal may not be practical.
In our experience of working with professional soccer players, breakfast and pre-match meals
on match day usually range between 100 and 250 g CHO (1.5–3 g.kg–1 body weight) and, as
such, augmenting CHO intake beyond players’ habitual intake may lead to gastrointestinal
problems. Furthermore, assuming that players have glycogen loaded appropriately in the
day(s) preceding competition, augmenting CHO availability in the pre-match meals to such
high levels may not be warranted.

The effect of the GI of the pre-exercise meal on metabolic responses during exercise and
subsequent performance is a hot topic for sports nutrition researchers (Donaldson et al. 2010).
Findings suggest that LGI CHO feeding in the hours prior to exercise confers a metabolic
advantage over HGI by inducing a smaller insulin response in the postprandial period. In this
way, there is an increased free fatty acid (FFA) availability and lipid oxidation during exercise,
coupled with a more stable plasma glucose concentration. The result of these metabolic
changes could be a sparing of muscle glycogen utilisation during exercise, which of course
would be advantageous for the soccer player, given the link between glycogen availability and
fatigue. In this regard, Wee et al. (2005) observed that provision of an HGI breakfast of 2.5 g 
CHO.kg–1 body mass 3 hours before a 30 min run at 70% V ˙O2max attenuated fatty acid
availability during exercise and increased CHO oxidation, whereas an LGI meal favoured
lipid oxidation. Additionally, glucose concentration during exercise was more stable during 
exercise with the LGI meal.
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More recently, researchers (Little et al. 2009, 2010) investigated the effects of the GI of the
pre-match meal during soccer-specific exercise. No effect of GI on substrate oxidation rates
was observed, though both CHO conditions increased performance, as compared with fasted
conditions. In reviewing the collective literature concerning the GI of the pre-exercise meal,
an important limitation is the lack of experimental trials that have provided CHO intake during
the exercise protocol itself. Such studies are important, as this is common practice for soccer
players during match play. In this regard, Burke et al. (1998) observed that consuming CHO
during prolonged continuous exercise negates the metabolic effects of altering the GI of the
pre-exercise meal. However, it is important to note that soccer players’ access to energy intake
during games is limited to unscheduled breaks (e.g., breaks in play due to injuries) and half 
time. For this reason, it is probably more beneficial to emphasise LGI CHO choices at pre-
match meals, especially in situations where players have not CHO loaded appropriately and
thus glycogen availability may not be optimal. Finally, many players have customary pre-
match meals and are often superstitious about their pre-game preparations. For such
individuals, it may be beneficial to consume their preferred meal (regardless of whether it is
LGI or HGI), though the basic principles of ensuring adequate CHO provision and low fat and
fibre should always remain.

Provision of CHO within 60 min before the game

The intake of CHO should probably be avoided within the 30–60 min period prior to kick-off,
owing to the possibility of experiencing rebound hypoglycaemia and thus low blood glucose
within the first 20 min of exercise. Certain individuals are particularly sensitive to rebound
hypoglycaemia and the response can be induced by as little as 20 g of CHO, equivalent to
approximately 350 ml of a 6% CHO sports drink. To minimise the risks of hypoglycaemia, it is
sufficient to consume CHO within 5–10 min prior to kick off (i.e., in the last stages of the warm-
up or in the changing room). When CHO is consumed within this timescale, the exercise-
induced (i.e., warm-up) increase in catecholamines is thought to blunt the insulin response and
therefore minimise the effect of rebound hypoglycaemia (Jeukendrup and Killer 2010).

Provision of CHO during the game

In addition to commencing the match with adequate muscle glycogen availability, there is
evidence that provision of additional CHO during the game improves performance such as
exercise capacity (Nicholas et al. 1995; Foskett et al. 2008), as well as ability to perform
technical skills such as passing and shooting (Ali et al. 2007). The mechanisms underpinning 
enhanced performance with exogenous CHO provision may be due to factors such as
prevention of hypoglycaemia, since blood glucose values <3.5 mmol.L–1 have been observed
during soccer match play (Krustrup et al. 2006). The maintenance of high CHO oxidation rates,
glycogen sparing, and effects on the central nervous system are important considerations.

Nicholas et al. (1999) observed that muscle glycogen utilisation during 90 min of intermittent 
shuttle running was reduced when CHO was ingested during exercise, especially in type II
fibres. The same group later observed that glycogen sparing is not evident when exercise is
commenced with elevated pre-exercise glycogen stores, as would be expected following the
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CHO loading strategies that soccer players are advised to adopt (Foskett et al. 2008).
Nevertheless, these authors observed that intermittent running capacity was greater with
CHO, as compared with placebo ingestion (158 vs 131 min), despite no differences in mixed
muscle glycogen utilisation. The enhanced exercise capacity may have been due to the
maintenance of plasma glucose availability and high rates of CHO oxidation required to sustain
exercise. The ingestion of CHO during exercise augments plasma glucose availability and
maintains its oxidation rates during soccer-specific exercise (Clarke et al. 2008).

In relation to the quantity of CHO that should be consumed during exercise, researchers have
shown that peak glucose oxidation rates from exogenous sources are approximately 1 g.min–1

and thus an intake of 30–60 g per hour has been advised (Jeukedrup 2010). Players would be
required to consume 500–1000 ml per hour of conventional 6% CHO sports drinks, though
given the restricted access to fluid intake during soccer this intake is unlikely. Given that there
are no differences between exogenous CHO oxidation rates when provided in the form of 
liquid or sports gels (Pfeiffer et al. 2010), it may be prudent to provide access to both energy
sources during exercise and at half time so as to cater for individual players’ preferences and
promote CHO intake. The provision of gels would be especially applicable to those players
who prefer water for hydration purposes, as opposed to sports drinks. Soccer players should
experiment with different strategies during training so as to devise individualised approaches
for match play that maximise performance and minimise gut discomfort. In relation to the
latter, we have shown that provision of 6% CHO drinks in repeated small amounts at 15-min
intervals reduces sensations of gut fullness, as compared with ingesting an equivalent total
volume of fluid and CHO when administered as two larger boluses pre-game and at half time
(Clarke et al. 2008).

 Jeukedrup and colleagues (2010) reported that adding fructose to glucose can enhance
exogenous CHO rates to >1.5 g.min–1. However, such feeding strategies are more appropriate
for prolonged endurance exercise, as opposed to soccer, given the duration and intermittent 
activity profile of the game and also that saturation of gut glucose transporters would be
unlikely. There is also growing evidence that mouth rinsing with CHO beverages can improve
performance, likely through the central nervous system via receptors in the mouth and oral
space (Jeukendrup and Chambers 2010). However, the performance-enhancing effects of 
mouth rinsing are not apparent when a pre-exercise meal is ingested (Rollo and Williams
2010), and so whether this approach offers any advantage to the soccer player who consumes
a pre-match meal requires further research.

Post-match muscle glycogen re-synthesis

The major goal for carbohydrate intake after competition is to replenish both muscle and liver
glycogen stores. This factor is especially important in those instances where there is a further
fixture in the coming days; such is the case for top players, who routinely play midweek
European Champions league games 3–4 days after their domestic league game. If carbohydrate
intake is not sufficient during this time, then muscle glycogen levels are unlikely to be fully
restored. To maximise rates of muscle glycogen re-synthesis, it is crucial that CHO intake is
consumed within minutes of the game ending, as this is the time when the glycogen-
synthesising enzymes are most active. Delaying CHO intake until 2 hours post-exercise, as
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opposed to consuming within the first 2 hours post-exercise can reduce the absolute amount 
of glycogen re-synthesised by 50% over a 4-hour period (Ivy et al. 1988). It is important that 
the CHO consumed in the first few hours is HGI and in fact, consuming HGI over a 24-hour
period post-exercise induces greater muscle glycogen re-synthesis, as compared to LGI (Burke
et al. 1993). In terms of quantities of CHO intake, it is generally advised (Jentjens and
 Jeukendrup 2003) that muscle glycogen re-synthesis plateaus at intakes corresponding to 1.2
g.kg–1 body mass per hour. A 75-kg player would therefore be advised to consume 90 g of 
CHO per hour in the few hours after the game ends. Whether or not the CHO is provided in
solid or liquid form is immaterial and should be left to the player’s preference. In practice,
therefore, a selection of high CHO snacks and drinks should be readily available in the
changing room post-game (see Table 1.1). Additionally, these meals should contain moderate
protein intake so as to support post-exercise protein synthesis. In those instances where CHO
availability is less than 1.2 g.kg–1, the addition of small amounts of protein (e.g. 20 g) can
accentuate glycogen re-synthesis (Betts and Williams 2010).

It is noteworthy that addition of creatine to CHO feeding in the days after glycogen-depleting 
exercise has been shown to augment glycogen levels (Robinson et al. 1999). This approach
to post-game feeding may be particularly applicable during times of intense fixture schedules.
Finally, in situations where muscle damage has occurred, due to lengthening contractions,
muscle glycogen re-synthesis can be impaired even when high CHO intakes are consumed
(Costill et al. 1990). For those players who experience regular symptoms of muscle damage
post-game, consuming additional macronutrients (e.g., protein) and micronutrients (e.g.,
antioxidants) in an attempt to reduce the severity of muscle damage may prove beneficial. In
addition to muscle glycogen re-synthesis, it is important to incorporate strategies which
promote restoration of liver glycogen. For this purpose, fructose is more effective than glucose
(Decombaz et al. 2011) and thus, the provision of fructose-rich foods (e.g., fresh fruit juice)
in the changing room after the match is recommended.

CHO requirements for training

Traditional guidelines for athletes during training often focus on ensuring a high daily CHO
intake that entails 60–70% of the athlete’s daily energy intake. However, the terminology
used to describe daily CHO requirements is now changing and Burke et al. (2011) suggest 
that describing a high CHO diet as a percentage of energy intake is a nebulous term that is
poorly correlated to the actual amount of CHO consumed and the fuel requirements of the
athlete’s training and competition demands. These authors suggest that it is more appropriate
to discuss CHO requirements in terms of the availability required to meet the actual energy
demands associated with the training and competition schedule. Such an approach makes
practical sense for the soccer player, given that the energy requirements vary according to the
daily, weekly and monthly training goals and fixture schedules. In contrast to a one size fits all
approach, it is advised that CHO intake is specific to the individual player’s needs.
Nevertheless, given the duration and intensity of a typical soccer training session, it can be
estimated that a daily intake of 4–6 g.kg–1 body mass is sufficient to ensure adequate CHO
availability for training and recovery purposes. For those days other than pre-game CHO
loading and post-game recovery, where HGI choices should be emphasised, consuming the
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majority of CHO as LGI sources would prove beneficial for helping to promote lipid oxidation
and maintain low body fat levels (Morton et al. 2010).

There is a growing body of literature suggesting that deliberately commencing training sessions
with reduced CHO availability provides an enhanced stimulus to induce oxidative adaptations
of skeletal muscle. This approach to training has become known as the train-low:compete-
high model, surmising that carefully selected training sessions be performed with low CHO
availability but that competition is always commenced with high CHO availability. In a recent 
study in our laboratory, we observed that commencing 50% of training sessions with reduced
muscle glycogen stores enhanced oxidative enzyme activity of both the gastrocnemius and
vastus lateralis muscles (Morton et al. 2009). However, consuming additional CHO in the
form of 6% sports drinks offset this enhanced adaptation, despite the reduced muscle glycogen
prior to training. Clearly, both endogenous (i.e., glycogen) and exogenous (i.e., blood glucose)
CHO availability can modulate the molecular signalling pathways that mediate mitochondrial
biogenesis (see Hawley and Burke 2010). It is possible that deliberately restricting CHO
availability during certain periods of the week may provide an enhanced training stimulus for
the soccer player, though further research is warranted. There may be certain side-effects
associated with this approach, such as impaired training intensity (Yeo et al. 2008), loss of lean
mass (Howarth et al. 2010) and reduced immune function (Gleeson 2007). Soccer players
should therefore work closely with sports nutrition professionals before implementing this
approach. It is of course important to ensure that high CHO intakes are consumed in the
day(s) prior to and after games so as to support glycogen loading and re-synthesis, respectively.
 A potential strategy to incorporate the train-low:compete-high model into practice would be
to reduce the CHO intake on training days to <4 g.kg–1 (but to ensure loading takes place on
the pre-match and match days). The train-low:compete-high approach to training would be
particularly applicable for those players simultaneously aiming to lose body fat, owing to the
role of CHO intake in regulating lipid metabolism (Morton et al. 2010), but maximise match
day performance. On those days where low CHO availability is implemented, it is important 
to increase protein intake (e.g., 2 g.kg–1) so as to minimise protein oxidation and loss of lean
mass, as well as to promote training-induced increases in protein synthesis.

FLUID REQUIREMENTS

Given the intense energy demands of soccer match play, metabolic heat production can
increase rectal and muscle temperature to >39°C (Mohr et al. 2004). The main biological
mechanism for losing heat during exercise is through evaporation of sweat. Sweat losses of 2
L have been observed during both match play and training (Maughanet al. 2007), even when
ambient temperature is <10°C. For a 75-kg player, this sweat loss equates to >2% dehydration
and, if appropriate fluid intake is not consumed, performance can be impaired. Dehydration
of this magnitude has been shown to reduce repeated sprint capacity (Mohr et al. 2010) as
well as soccer dribbling performance (McGregor et al. 1999). For more comprehensive
discussions on the effects of dehydration on performance, the reader is directed to Judelson
et al. (2007). Potential mechanisms underpinning dehydration-induced decrements in physical
and mental performance include increased core temperature, cardiovascular strain, muscle
glycogen utilisation and impaired brain function (Gonzalez-Alonso 2007).
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From observations of players during training and match play, sweat loss and dehydration
appear to be lower in temperate (<10°C) as compared with warm environments (25–35°C)
(Kurdak et al. 2010). To compensate for the warmer conditions, however, players voluntarily
consume significantly more fluid during training. The development of fatigue during match
play is more pronounced during high ambient temperatures (Mohr et al. 2010). Regardless of 
ambient temperature, players routinely drink less than they sweat during both training and
match play (Kurdak et al. 2010; Maughan et al. 2007; Mohr et al. 2010), a finding that has
been termed involuntary dehydration. In addition to fluid loss per se, sweat contains
electrolytes such as sodium, chloride, potassium, calcium and magnesium. Loss of sodium is
the most significant for athletes, and soccer players can lose between 2 and 13 g during training 
or match play (Kurdak et al. 2010; Maughan et al. 2007). The importance of high salt loses is
underscored by observations linking them to exercise-related muscle cramps (Bergeron 2003)
and, for this reason, it is important to identify players who are salty sweaters, so as to develop
individually tailored hydration strategies.

It is difficult to provide fixed prescriptive fluid recommendations for soccer players, due to
player differences in workload, heat acclimatisation, training status and match-to-match
variations in ambient temperatures. Nevertheless, in order to offset the negative effects of 
dehydration on performance, the American College of Sports Medicine advises fluid ingestion
at a rate that limits body-mass loss to <2% of pre-exercise values (Sawka et al. 2007). Players
should not, however, aim to drink so as to gain mass during exercise, as this can lead to water
intoxification, a condition known as hyponatremia (a serum sodium concentration <135
mmol.L–1), which in extreme cases is fatal (Almond et al. 2005). In developing individualised
hydration strategies, it is important to perform regular estimations of pre-exercise hydration
status in order to identify those players who may need particular attention. Within the field
setting of training grounds or on match days, assessment of pre-exercise urine osmolality and
colour provides reasonably inexpensive and informative measures. Osmolality values <700
mOsmol.kg–1 are suggestive of euhydration, as is a urine colour that is pale yellow.

Urine indices of hydration are sensitive to changes in posture, food intake and body water
content and, for these reasons, a urine sample passed upon waking is often advised as the
criterion sample. However, values indicative of dehydration at this time (e.g., 7 am) may not 
mean that the player is dehydrated upon commencing training at 10:30 am, assuming that 
appropriate fluid intake has been consumed upon waking and with breakfast. The same can
be said for match day, in that samples suggestive of dehydration collected prior to the pre-
match meal may not mean players are dehydrated at kick-off. Where practical, players should
therefore be assessed at both the former and latter time points so as to initially identify players
who are causes for concern and to verify that any subsequent hydration strategies implemented
are effective to ensure euhydration prior to competition. Soccer players studied prior to an
evening kick-off have exhibited pre-game osmolality values >900 mOsmol.kg–1 (Maughan et
al. 2007), despite the fact that they would have had the morning and afternoon to hydrate.
Such values are indicative of 2% dehydration and effectively mean that players are
commencing the game dehydrated, thereby running the risk of impaired physical and mental
performance.

It is recommended that 5–7 ml.kg–1 of fluid is consumed at least 4 hours prior to the game
(Sawka et al. 2007). Additionally, if the individual does not produce urine or the urine remains
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dark coloured, a further 3–5 ml.kg–1 could be consumed about 2 hours before kick-off.
Drinking within this time schedule should allow for fluid absorption and enable urine output 
to return to normal levels. Consumption of sports drinks at this time, as opposed to water, is
beneficial, given that they contain not only electrolytes but also additional CHO. For training 
days, fluid intake should be consumed upon waking (before travelling to training) and with
breakfast, which soccer players usually consume at the training ground.

In order to promote a drinking strategy which prevents weight losses >2%, players should
routinely weigh themselves nude before and after exercise to ascertain if their habitual drinking 
patterns are effective. Players should have individually labelled drinks bottles so that support 
staff can monitor habitual fluid intake, and furthermore, any urine passed during exercise
should be accounted for when calculating sweat loss. Cold beverages (10°C as opposed to 37
or 50°C) are beneficial to attenuate the rise in body temperature during exercise (Lee and
Shirreffs 2007), and sports drinks are considered superior than water, due to the provision of 
electrolytes and CHO. Sports drinks should be in the range of 4–8% CHO (administered as
glucose polymers), as both high CHO concentration and osmolality can delay gastric emptying 
(Vist and Maughan 1995). It is important that players practise with different fluid intake
strategies during training so as to develop individually suited approaches that maximise gastric
emptying, fluid absorption and CHO delivery, and yet are suited for taste and do not cause
gastrointenstinal discomfort during match play.

On training days (as opposed to match days), players may wish to consume water or low-calorie
sports drinks only, given that CHO ingestion during exercise may attenuate skeletal muscle
adaptations to training (Morton et al. 2009). This factor is especially applicable to those players
who are adhering to the train-low:compete-high model. Finally, there is no need for aggressive
rehydration strategies post-training or match play, as the normal schedule would allow for
appropriate rehydration within several hours post-exercise. Nevertheless, those players
identified as salty sweaters may benefit from the addition of sodium to drinks or foods or the
provision of salty snacks, so as to promote fluid retention.

PROTEIN REQUIREMENTS

 A consequence of exercise is that muscle protein breakdown occurs and protein synthesis is
reduced (Beelen et al. 2010). In the recovery period following such exercise, these processes
are reversed – hence the importance of appropriate recovery between training sessions. Since
muscle protein breakdown results in loss of muscle tissue, it is important to determine whether
this process can be slowed or even reversed by appropriate nutritional strategies. An indicator
of the protein requirements of the body is that of nitrogen balance. Nitrogen balance is a
measure of whether the body is gaining or losing protein. The body is in nitrogen balance when
the amount of protein taken in the food eaten is equal to that lost in faeces, urine and sweat.
 A positive nitrogen balance infers that more protein is ingested than is lost, whereas a negative
nitrogen balance occurs when more is lost than taken in the diet. It is on this basis that various
government agencies and the World Health Organisation make their recommendations for
protein intake based on gender, age and activity. Current recommendations are that sedentary
adults should consume around 0.8g.kg–1 body mass per day of protein in order to achieve
nitrogen balance, whereas athletes engaged in resistance training should take about 2.0 g.kg–1
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body mass per day, and endurance trained athletes around 1.5 to 1.8 g.kg–1 per day (Lemon
1995). This enhanced protein requirement arises because the turnover is greater when exercise
is undertaken, especially resistance exercise.

In order to achieve a protein intake of 2 g.kg–1 per day for an 80-kg player, ingestion of 160
g of protein is required. Since most meat and fish (good sources of protein) on average contain
about 25 g of protein per 100 g, the player would need to eat around 500 g (this could be 5
chicken breasts!!). There are, of course, other sources of protein which can be consumed, such
as eggs, milk, yoghurt, nuts, beans etc. Athletes often wish to know if they should take more
protein than is recommended (i.e., is more better). In answer to the question, findings have
been equivocal. However, based on consensual findings, it would be prudent to consider 1.5
to 2.0 g.kg body mass per day for soccer players, depending on the severity of the training 
programme.

The data presented in Figure 1.4 show why athletes need to ingest more protein during times
of intense training. These data demonstrate that additional protein intake in the period before
and during a training programme could prevent negative nitrogen balance until the body
adapts to the training regime (which may take up to 2 weeks). After this period the protein
intake may be lowered. In this study, where participants consumed 1g.kg–1 body mass per
day of protein, followed by a period of training, they went into negative nitrogen balance for
a period of around 14 days before becoming ‘balanced’. This finding clearly highlights the need
for a greater protein intake in order to achieve nitrogen balance when engaged in exercise,
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Figure 1.4 Effect of endurance training regimen on nitrogen balance when ingesting 1g.kg 
body mass of protein a day.

Source: After Gontzea et al. (1974).



but also that the body does in time adapt to the training. In other words, there is a substantial
net protein breakdown, as compared with protein synthesis, in the early stages of a training 
intervention when insufficient protein is provided. However, the stimulus of exercise in evoking 
greater protein synthesis (probably via increases in DNA transcription and translation into new
structural proteins) takes some time before nitrogen balance is reached. Imagine that this
happens during pre-season training when players arrive after a 6-week holiday period. Under
such circumstances it may be advisable for such players to consider increasing their protein
intake (at least for the first 2 weeks or so) to around 2 to 2.5 g.kg–1 per day (Forslund et al.
1999).

Importance of protein intake before and after training

The relationship between protein synthesis, protein breakdown and net protein balance is
illustrated in Figure 1.5. After an overnight (i.e., 12-hour) fast, there is net overall protein loss
from muscle (note the ‘balance’ is negative – greater breakdown than synthesis). Following 
resistance exercise after the overnight fast, there is an even greater net loss of protein. This
effect would happen if a player failed to eat some protein for breakfast before morning training.
Clearly, this is not desirable, and so players are strongly encouraged to eat or drink some form
of protein for breakfast. Foods such as yoghurt, milk, eggs and cold meats (e.g., ham, smoked
salmon, sardines etc.) are recommended.

Recently, researchers have shown that a number of dietary factors can attenuate the
breakdown of muscle protein following exercise and promote protein synthesis. These include
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(a) ingestion of carbohydrates and either protein or amino acids before exercise; (b) ingestion
of carbohydrates during exercise; and (c) ingestion of carbohydrates and protein or amino acids
after exercise. For more detail see MacLaren (2008).

For protein synthesis to happen, amino acids are required in a muscle cell, where they provide
the building blocks for repairing and rebuilding the muscle. In addition, there is a need for an
increase in circulating anabolic hormones such as insulin and testosterone. The latter increases
as a consequence of exercise (particularly high-intensity bouts), whereas the former increases
if carbohydrate and/or amino acids are ingested. So, an increase in blood amino acid levels
invariably results in greater uptake into muscles and a stimulation of protein synthesis. In part,
some of this stimulation is as a result of elevated insulin levels brought about by some amino
acids (called insulinogenic amino acids – because they stimulate the release of insulin) and by
carbohydrate ingested. The muscle is most responsive to protein synthesis activation by amino
acids immediately after exercise. Researchers have shown that as much as a 25% to 300%
greater rate of protein synthesis occurs after training when amino acids and carbohydrate are
ingested immediately, as opposed to 2 or 3 hours later (Ivy and Portman 2004). In fact,
researchers have repeatedly shown that delaying protein feeding after exercise by 2–3 hours
can result in a net loss of protein in the short term (Rasmussen et al. 2000). Furthermore,
ingesting essential amino acids an hour before training has been shown to promote net muscle
protein balance, as compared with ingestion 1 hour after the training (Tipton et al. 2001).

It has also been reported that the combination of protein and carbohydrate ingestion causes
a significantly higher rate of protein synthesis than carbohydrate alone (Beelen et al. 2010).
This is to be expected, since the combination not only evokes a higher insulin concentration
but also that the availability of the amino acids (not found in carbohydrates) leads to
incorporation of the amino acids into protein.

We would recommend that soccer players should ingest 15–20 g of protein (or 6–9 g of 
essential amino acids) an hour before training or a match and then repeat the amount within
an hour of completion of training or a match. It is probably more suitable to drink a protein-
based supplement in the hour before training, due to the ease of gastric emptying, whereas
consuming protein-containing foods after training is suitable (preferably if easily digested forms
such as milk, eggs, yoghurt and white meat, for example). For those players who find it difficult 
to eat in the hour after a match, a whey protein drink could be provided.

Type of protein supplements

Protein supplements include whey, soya and casein. The overall quality of the protein in terms
of biological value, net protein utilisation rate and chemical score is highest for whey and soya
proteins and lowest for casein. In terms of some key amino acids required (i.e., branched
chain amino acids and glutamine), soya contains them all, whereas whey protein is somewhat 
lacking in glutamine. Many trained athletes avoid soya protein because it contains plant 
hormones called isoflavones, which are purported to have an oestrogenic effect (though this
does not mean that lowered testosterone is a consequence). For those athletes who are lactose
intolerant, however, soya protein has become the protein supplement of choice, although it 
should be remembered that whey protein isolate has had almost all its lactose removed and
may be considered an alternative source.
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 A few researchers have reported the beneficial effects of whey protein, as compared with
casein, in terms of short-term protein synthesis, since whey protein is easily digested and
elevates blood amino acids faster than the slower-digested casein (Boirie et al. 1997).
 Advantages of casein may accrue when ingested before sleep at night, where the slow release
may aid recovery whilst sleeping. Tang et al. (2009) explored the benefits of whey vs. casein
vs. soy proteins at rest and after exercise. The observations were that whey protein resulted
in significantly elevated blood and muscle amino acids and an increase in muscle protein
synthesis, as compared with casein and soy proteins (Figure 1.6).

We would recommend that taking approximately 15 g of whey proteins (or 6–10 g of essential
amino acids) an hour before training or a match, and another dose within an hour after is
advisable to help promote protein synthesis and thereby recovery of muscle. However, the
choice for a bed-time protein on days of heavy training (or after an evening match) would be
20 g of casein or about 200 g of cottage cheese (which contains around 20 g casein).

ERGOGENIC AIDS

Nutritional ergogenic aids are supplements that a player would consider ingesting in order to
help improve performance or capacity. There is a plethora of products available that purport 
to have ergogenic properties, and it is beyond the scope of this chapter to examine them in
any detail. The reader is recommended to consult recent reviews (MacLaren 2011; Chester
2011; Bishop 2010; Mujika and Burke 2010) for more detail. However, based on available
evidence, Table 1.2 summarises three supplements that are considered particularly relevant 
for soccer performance.
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SUMMARY 

 Although carbohydrate stores are limited, it is the most important energy source for soccer
training and match play. There is substantial evidence relating depletion of carbohydrate
reserves in the muscle or liver to fatigue. Players should therefore ensure that they are loaded
with carbohydrate in the day(s) before a match, as well as consuming additional carbohydrate
before and during the game itself. We recommend that the pre-match meal be based on LGI
carbohydrates, whereas the post-match recovery meal should emphasise HGI carbohydrates.
In addition, protein intake is of significance for players in the hour before and after training 
or a match so as to promote protein synthesis. Players should also incorporate protein in
all their daily meals and snacks. Of equal importance is consuming appropriate fluid intake
before and during training or match such that the negative performance effects associated
with dehydration do not occur. Finally, consideration may be given to exploring the use of 
nutritional ergogenic aids such as caffeine, creatine and β-alanine so as to maximise physical,
mental and technical performance on match day.
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Table 1.2 Overview of potential ergogenic aids which are relevant to soccer performance.

Ergogenic  aid Recommended  dosage Proposed  physiological  effects

Caffeine 2–4  mg.kg–1 body mass 60 min Improves function of the central nervous
before competition or training. system (CNS), which can therefore improve

reaction times and reduce perception of 
effort. Improves power output during single
and repeated sprints. Enhances lipolysis,
increases fat oxidation and spares muscle
glycogen utilisation.

Creatine 4–5 days of loading dose consisting Increases the phosphocreatine store (PCr) of
of 20 g (4 x 5 g daily) followed by skeletal muscles which enhances the
maintenance doses of 3–5 g per day. capacity to generate ATP through the ATP-
Should also be consumed with HGI PCr system. Enhances power output during
carbohydrates to promote muscle single and repeated sprints and promotes
uptake. PCr  re-synthesis  between  repeated  sprints.

 Augments gains in fat-free mass, strength
and power when used with an appropriate
resistance training programme.

β-alanine 3–6 g per day administered in equal Increases carnosine content in skeletal
doses  (e.g.,  3–6  x  1  g). muscle,  which  is  one  of  the  main

intracellular buffers which can protect 
against metabolic acidosis that is induced
by high-intensity exercise. Improves
performance during single and repeated
high-intensity exercise tasks.
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CHAPTER 2

PRINCIPLES OF FITNESS TRAINING

 J. Bangsbo and F. M. Iaia

INTRODUCTION

Soccer players need a high physical capacity to cope with the demands of the game and to
allow technical skills to be utilized throughout a match. Fitness training is therefore an
important part of the overall development programme for players. In soccer, as in other sports,
the exercise performed should resemble the sport (i.e., match play) as closely as possible; it 
is therefore crucial to understand the requirements of the game. In this chapter, after a short 
description of the physical demands of the game, we discuss training methods and present 
the various categories of fitness training in soccer, with examples of drills. In addition, the
physiological adaptations that occur through exposure to the various types of training and
how fitness training can be prioritized throughout the year are described. The reader is directed
elsewhere for further discussion of the practical aspects of fitness training and for suggestions
in relation to activities that can be used in soccer (Bangsbo, 1994a, 2008).

PHYSICAL DEMANDS

Soccer is an intermittent sport characterized by ~1200 acyclical and unpredictable changes
in activity (one every 3–5 s on average) involving, among others, 30–40 accelerations (Mohr,
Krustrup, and Bangsbo, 2003), more than 700 turns (Bloomfield, Polman, and O’Donoghue,
2007), 30–40 tackles and jumps (Mohr et al., 2003) as well as other intense actions such as
kicking, dribbling and tackling (Bangsbo, 1994b). All these efforts exacerbate the physical
strain imposed on the body and contribute to making the game highly demanding physically
for players.

The use of computerized and semi-automatic, video-based time–motion analysis systems has
revealed that during a game top class soccer players perform 2–3 km of high-intensity running 
(>15 km/h) and ~0.8 km at sprinting speed (>20 km/h) (Bangsbo, Norregaard, and Thorso,
1991; Bradley et al., 2009; Di Salvo et al., 2007; Di Salvo, Gregson, Atkinson, Tordoff, and
Drust, 2009; Mohr et al., 2003; Rampinini, Coutts, Castagna, Sassi, and Impellizzeri, 2007a;
Rampinini, Impellizzeri, Castagna, Coutts, and Wisloff, 2009). These values are approximately
28 and 58% higher when compared with what is performed by moderate-level professional
players (Mohr et al., 2003). In addition, less successful teams exhibit larger decrements in the
total sprint distance run throughout the match (Di Salvoet al., 2009), suggesting that the ability
to perform repeated intense activities over the duration of a game is of great importance.
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Nevertheless, despite the importance of maintaining workload, it has been demonstrated that 
the amount of high-intensity running declines towards the end of a match (Mohr et al., 2003),
with this type of activity being 20–40% lower in the last third of the second half, as compared
with the first 15 min of the game (Bradley et al., 2009; Di Salvo et al., 2009; Mohr et al., 2003).
Moreover, the decrement in high-intensity running is more evident when a greater amount 
of activity is performed in the first half (Rampinini et al., 2007a). In the 5 min following the
most demanding 5-min period of a game, the distance covered at high intensity is reduced
by 6–12%, as compared with game average (Bradley et al., 2009; Di Salvo et al., 2009; Mohr
et al., 2003), indicating that players experience fatigue not only towards the end of a match,
but temporarily during a game (Mohr, Krustrup, and Bangsbo, 2005). Accordingly, both single
and repeated-sprint test performances are impaired after a high-intensity period during, as
well as at the end of, the game (Krustrup et al., 2006). Fatigue development may also have a
negative impact on passing ability (Rampinini et al., 2008; Rostgaard, Iaia, Simonsen, and
Bangsbo, 2008), with the deterioration in technical performance being more pronounced in
the less fit players (Rampinini et al., 2008). It should be emphasized that each playing position
is characterized by its own activity profile and different tactical requirements (Bangsbo et al.,
1991; Bradley et al., 2009; Di Salvo et al., 2007; Di Salvo et al., 2009; Mohr et al., 2003;
Rampinini et al., 2007a; Rampinini et al., 2009).

The physical demands of a soccer match can also be evaluated using physiological mea-
surements. The recording of heart-rate and body-temperature shows that the average aerobic
energy production is ~70% of maximum oxygen uptake (Bangsbo, Mohr, and Krustrup,
2006; Ekblom, 1986), indicating that the aerobic energy production is highly taxed during 
the game, accounting for more than 90% of total energy consumption (Bangsbo, 1994b).
During a competitive match, a top-class player performs 150–250 intense actions (Mohr
et al., 2003), thereby reducing the concentration of muscle creatine phosphate, which is
resynthesized following rest or during a low-intensity exercise period (Bangsbo, 1994b).
Glycolysis leading to lactate production will also occur to a significant extent, despite the
majority of the intense exercise periods lasting less than 5 s (Buchheit, Mendez-Villanueva,
Simpson, and Bourdon, 2010). In support, elevated levels of muscle and blood lactate are
recorded during a game (Bangsbo, 1994c; Bangsbo, Iaia, and Krustrup, 2007; Krustrupet al.,
2006), further highlighting that the anaerobic energy system is heavily stimulated during 
match-play.

It is evident that soccer is physically demanding and that players need a high fitness level to
cope with the energy demands and a well-developed capacity to express power in single
actions during a match. Therefore, it is important that players improve their ability to perform
repeated maximal or near maximal efforts over prolonged periods, which can be achieved by
proper fitness training.

COMPONENTS OF FITNESS TRAINING

Fitness training has to be multifactorial in order to cover the different aspects of physical
performance in soccer. Thus, the training can be divided into a number of components based
on the different types of physical demands during a match, as illustrated in Figure 2.1. The
terms aerobic and anaerobic training are based on the energy pathway that dominates during 
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the activity periods of the training session. Aerobic and anaerobic training represent exercise
intensities below and above the maximum oxygen uptake, respectively. However, during 
training practices and small-sided games, the exercise intensity for a player varies continuously,
and some overlap exists between the two categories of training. The separate components
within fitness training are briefly described in this chapter. These include aerobic, anaerobic
and specific muscle training.
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Figure 2.1 Components of fitness training in soccer.


