1.1 Physical demands of football

Introduction

Understanding the physical demands of playing football and the corresponding energy
systems, which power the movement of the football player, are fundamentally important
for sports nutrition. Understanding how the player’'s body responds to meet the challenge
of football-specific exercise, provides the basis to inform nutrition recommendations. In
this unit, we will aim to classify and quantity the physical demands of football. With this
knowledge, it is possible to design football-specific nutrition strategies to enhance the
development of players and allow them to adequately cope with the physical demands
football places on them. The game of football will be introduced before covering how
player specific activity has been studied. The key variables, which influence the player’s
physical workload, will be covered to allow you to identity when changes to the nutrition
strategies may be required. Unit 2 will discuss how the player’s body responds to meet
the physical demands of football activity.

Overview of football

A football team is composed of eleven players including one goalkeeper and ten outfield
players. Although, rules may vary between competitions, since the year 2020 teams have
been permitted to make five substitutions during a 90 min match. If a match goes to extra
time, an additional substitution can be made. Therefore, a total of six players out of 11
players can be changed.

An important update to the substitution rule is that teams are now allowed to use a
maximum of two concussion substitutions in a match. In situations where there are clear
symptoms of concussion (head injury), teams are permitted to replace the player with a
permanent concussion substitution. These substitutions can be made in addition to the
normal substitutions.

Substitutions are an important consideration for sports nutrition, as they create a break in
play as players exit and enter the pitch. Therefore, each substitution represents an
opportunity for players on the pitch to take on fluids and energy, which will be covered in
detail in later modules.

For the purpose of this course, we will focus on the outfield players. Nevertheless, general
principles of sports nutrition can also be applied to goalkeepers. Football is a match of two
45-minute halves separated by a 15-minute half-time interval (figure 1). Two opposing
teams compete for possession of a single ball. The objective of the team is to pass or shoot




the ball into the opponent goal, whilst preventing the opposing team from completing the
same objective. The team'’s score is a product of the number of goals they have achieved.
The match score is a product of the number of goals scored/conceded by both teams. A
football match may result in a win, where more goals have been scored than the
opponent, a draw where both teams score the same amount of goals or no goals during
the match or a loss where the opponent scores more goals. In league competitions, “3”
points are awarded to the team for a win, “1” point for a draw and “0” points for a loss.
For cup competitions, in the event of a draw, the game may be extended into extra time
involving an additional two 15-minute periods. Should there be no result following extra
time, the result of the match is decided by both teams completing a penalty shoot-out. In
this situation five players from each team are selected to take a penalty. A penalty kick
involves placing the ball on a penalty spot marked 12 yards (11 m) from the goal line and
striking the static ball towards the goal. The goal is defended only by the opposition
goalkeeper. After five penalties, the team with the most goals wins the match. In the event
of an equal amount of goals being scored, the teams continue to take penalties
consecutively until one team outscores the other. The full laws of the match as directed by
Fédération Internationale de Football Association (FIFA) can be downloaded here:

https://digitalhub.fifa.com/m/3f3el5cclab8977b/original/datdzOpms85ghbnqy4j3k-
pdf.pdf

Did you know?

Significant dates in football history

1849: First written rules of a non-handling form of football
produced at Eton School, England.

1863: Formation of the Football Association, England.
1899: FC Barcelona founded by Joan Gamper.
1906: Formation of FIFA.

1930: Inauguration of the World Cup.




Figure 1. Number of players required and duration of a standard football match
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Source: own elaboration.

Did you know?

The ball used in professional leagues and international
competitions is a “size 5.” The specifications of an official size 5
ball are the following: circumference 27 to 28 inches (69 to 71 cm);
weight 14 to 16 oz (400 to 450 grams), pressure between 8.5 to
15.6 PSL

Match analysis




There are many challenges a football player must face during a match. In addition to the
physical demands, the player must cope with psychological stress, tactical awareness,
skill execution, crowd support/hostility and social interaction with team
members/opposition. This unit will concentrate on the physical demands of football. The
assessment of the physical demands can be achieved through the analysis of player
movement patterns and quantifying specific football activities.

The energy expended during football is primarily a product of the total distance covered
and speed at which that distance was covered (Reilly, 1997). The first studies to perform
match analysis to determine the physical demands of football were performed in Sweden
in the late 1960s. These early studies used video analysis of short filmed sequences of the
football players during a match. The video analysis approach was further developed in
England and later in Denmark. By the early 1990s, scientific data was available on the
differences in physical demands among players, in different playing positions (Bangsbo,
2014). Following these early studies, much of our understanding on the physical demands
of football is owed to the work of Professor Jens Bangsbo and his research group at the
August Krogh Institute, Copenhagen, Denmark, and Professor Thomas Reilly and
colleagues at Liverpool John Moores University, UK. In more recent research, many
methods of monitoring player movement during competition are used including tape-
recorded commentaries, video recordings, film analysis, synchronized and computer-
aided video analysis. It is important to note that whichever method is adopted, it must
comply with quality control criteria and provide valid, objective and reliable observations
(Reilly, 1997). Common methods used to capture match activities and classify
movements/activity intensity include video-based technologies, global positioning
satellite (GPS), automated systems and subjective scales. Each of these techniques are
described below in more detail.

Video-based technologies

The gold standard of capturing physical activities during a match are video-based
technologies. Video-based technologies are considered the most accurate systems and
use multiple-camera methods developed by companies such as Amisco and Prozone.
Such systems use high-speed cameras installed at the stadium to film different sections
of the field for post-match analysis. Separate from tactical analysis, these systems also
provide detailed information on characteristics of the physical work that occurred during
the match. These physical characteristics, captured via time motion analysis, include
running intensity, acceleration/deceleration rates, total distances covered and distances
covered at different intensities (Bangsbo, 2014). These systems can generate information
of every outfield player. More than 2500 codes (see match activity classification below)
for a single match are recorded, which can result in more than 3.5 million data points
(Bangsbo, 2014).




Historically, these systems were only able to accurately measure approximately 60 % of
a players' activity, with the remaining 40 % requiring manual input to prevent
inaccuracies. As a result, data from semi-automatic systems (such as video analysis) was
delayed to approximately 24 to 48 hours after the match. In addition to the physical
activity profile, video filming can also be used to quantify other important match metrics
such as the direction and success rate of passing, tackles and ball interceptions, number
of shots and success.

Global positioning satellite

Global positioning satellite (GPS) systems and GPS-based technologies do not require
manual intervention to analyse the activity profiles of the player. Such systems work by
players wearing GPS devices, typically in vests worn under training or football shirts
during training and/or matches. In general, the outputs (velocities, distances,
accelerations, decelerations) generated by GPS systems are determined via mathematical
algorithms. A main issue with these systems is that they fail to provide context, such as
insight into the opposition or the ‘skills’ completed by the player (Castellano et al., 2011).
The use of GPS-based technology has become a common method to assess the physical
demands of football, both in training and matches. A key benefit of GPS technology is that
it permits real time or deferred analysis of the data. In addition, there is no need for third
party assistance, thus the individual club coaches, sports science departments or
statisticians can rapidly interpreted data generated.

Automated systems

Over the last decade, there has been an influx of computer-based technologies to assess
movement in football. These technological advances have included automated multiple-
camera systems, which allow the real time measurement of speed. These systems use
cameras that are usually permanently installed in stadiums. Players are tracked in real
time by recognition algorithms, capturing the positional data (co-ordinates) from the
players’ bodies. Importantly, real time automated systems demonstrate good validity over
a range of soccer specific movements and speeds, up to and including sprinting
(Redwood-Brown et al., 2012). Automated player tracking systems are installed in many
professional clubs. For example, these systems have been used to measure the metabolic
power and energy expenditure in the German Bundesliga (Venzke et al., 2023).

Subjective scales

Questionnaire and/or “paper/pen” (more recently electronic tablet) based data collection
is common in professional clubs. Although this method does not provide any information




on the physical activities per se (such as distance covered) the overall intensity of the
training or match can be determined by asking players to rate their perceived exertion
following exercise. Typically, clubs adopt the Borg 1-20 rating of perceived exertion (RPE)
scale or a modified 1-10 rating scale (Borg, 1982). The Borg scale has been shown to be an
accurate and reliable instrument to measure perceived exertion across multiple sports
and is a universally adopted method in exercise physiology studies. The RPE of a player
can accurately reflect exercise intensity as well as some physiological features of fatigue.
The RPE has been reported as a tool sensitive enough to dictate training intensity
(Impellizzeri et al., 2004) as well as detect changes in training load in professional players
(Gaudino, 2015).

Did you know?

FIFA allowed the use of GPS devices during
competitive matches in 2015.

Match activity classification

In football, movement activities during matches are generally “coded” according to the
intensity i.e. determined by the speed of action (table 1). When evaluating a players’ match
performance, the frequency of each type of movement and the time spent or distance
covered in each movement can be analysed. The main physical activity categories used to
analyse football work rate are standing, walking, jogging, low speed running, moderate
speed running (cruising/striding), high speed running and sprinting. These categories
have recently been extended to include other activities such as skipping, jockeying and
shuffling. Most activities in football are carried out at submaximal intensities and levels of
exertion (figure 2). Analysis of football matches allow those activities (beyond football
specific movements: pass, control, shots, headers) to be classified as detailed in table 1.
However, it is important to note that ideally individual player or team specific thresholds
can also be set (Carling et al., 2008; Carling et al., 2016). For example, the high-speed
running velocities may be significantly different between players.

Table 1. Example of match coded activities and the associated velocities to classify
movements




Standing 0
Walking 0-6
Jogging 6-8

Low speed run 8-12
Moderate speed run 12-15
High speed run 15-18
Sprinting 18 -30 +
Backward running 0-10

Source: own elaboration.

Did you know ?

The fastest sprint recorded in the English Premier League during the
2023/2024 season was 36.93 km/h

Quantifying physical demands

During a 90-minute match, the distance covered by a top-level outfield player typically
ranges between 10 km and 13 km (Bangsbo, 1994a; Mohr et al,, 2003; Bangsbo et al.,, 2006;
Di Mascio and Bradley, 2013). The majority (>80 %) of the distance is covered by walking
and low to moderate intensity running (figure 2). Tabulated data from elite footballers
allow either individual or team physical demand standards to be established. These




metrics may act as a benchmark from which to inform the recruitment of new players or
maintain performance standards (table 2).

However, it is the high-intensity exercise periods, which are associated with critical
moments during a football match (Gregson et al., 2010). This is because the key actions in
a match (i.e. goal being scored/conceded) are in general, preceded by a high intensity
effort. Therefore, it is reasonable to suggest that the ability to maintain high intensity
efforts for the duration of 90-minutes is a critically important performance consideration.
This observation has significant implications for the nutrition of the player, which will be
discussed in later modules (Filter et al., 2023).

The sprints or “all out efforts” in football are rarely longer than 2-4 seconds covering
average distances of 10-15 meters. Sprints typically occur every 90 seconds, followed by
several seconds of recovery, before players are in action again (Reilly, 1997). Longer
duration sprints will require greater recovery times. There are two main types of sprint in
football: an explosive sprint, defined as attainment of sprint speed preceded by rapid
acceleration (from low or moderate speed) reaching the high-speed zone within less than
0.5 seconds and a leading sprint which is characterized by gradual acceleration from low
to moderate to high speed (Bangsbo, 2014).

The common pattern of play in football can be described as ‘stop and go’, i.e. where
players perform repeated bouts of brief high-intensity exercise interspersed by periods of
lower intensity activity (Williams and Rollo, 2015).

This is observed during match play when a player sprints to tackle an opponent (or gain
possession of the ball), followed by dribbling the ball, passing it and then jogging into
position to support an attack or defence. During a match, a player responds approximately
every 3-5 seconds to around 1200 unpredictable changes in activity, instigated by either
their own team or their opponents. Analysis of the English Premier League (first division)
has shown that physical demands of match play have intensified (Bush et al., 2015).
Physical performances during matches (analysed using a video tracking system), were
collected across seven consecutive seasons (2006-07 to 2012-13). The total distance
covered remained relatively unchanged (10679 + 956 vs. 10881 + 885 m) between 2006
and 2013. However, it was found that high-intensity running distance increased (+0.4 km)
in the final season in comparison to the first season in all playing positions. Specifically,
high-intensity running distance and high-intensity actionsincreased by ~30 % (890 + 299
vs. 1151 + 337m) and ~50 % (118 + 36 vs. 176 + 46), respectively. Sprint distance and
number of sprints rose by ~35 % (232 + 114 vs. 350 + 139m) and ~85 % (31 + 14 vs. 57 + 20),
respectively. Importantly, this trend was observed in all outfield positions (central
defenders, fullbacks, central midfielders, wide midfielders and attackers). In addition,
players were also found to be more skilfully proficient. Modern players are required to




make more passes (35 + 17 vs. 25 + 13), with a higher success rate (83 % + 10 % vs. 76 + 13
%).

More recent analysis of professional football has reported the physical-tactical profiles of
elite teams and individual players according to final league rankings (Ju et al., 2023). In
this study, 100 English Premier League match and 583 player observations were analysed
by coding the player’s physical-tactical actions through synchronising tracking data and
video. Teams were categorised into tiers based on their final league rankings: (A) 1st-5th
ranking (n = 25), (B) 6th—10th ranking (n = 26), (C) 11th-15th ranking (n = 26), and (D) 16th—
20th ranking (n = 23). This approach of combining physical and technical profiles is
important in football as it highlights the need to contextualise the high intensity running
that is completed in a match. Specifically the tier A teams performed high speed runs to
“receive/exploit space” and “run with the ball”, as well as better technical skills (greater
number of shots on target, number and successful passes) compared to those in lower
tiers. Regarding positional trends, central defensive players and wide defensive players in
tier A covered more distance (65-550 %) at high-intensity to “move to receive/exploit
space” in comparison to other tiers (Ju et al., 2023).

For international football, the contextualised physical demands of positional roles were
analysed for the FIFA World Cup in Qatar 2022, using a multi-camera computerised
tracking systems (Bradley, 2024). During a match, defensive and central midfielders
covered 8-19 % more total distance than other positional roles. The distances covered at
higher intensities (=20 and -25 km/h) were 16-92 % and 36-138 % higher for wide
midfielders and wide forwards compared to central defenders, defensive and central
midfielders as well as centre forwards. Importantly, from a nutrition perspective, all
positional roles demonstrated a significant reduction in second half-total distance
covered compared to the first half. A decline between halves for the distances covered at
higher intensities (-20 and 25 km/h) were more evident in attacking midfielders, wide
defenders and midfielders than for other positional roles.

Thus, the preservation of skill as well as high intensity running are key requirements for
domestic professional and international football. These key observations highlight the
importance of effective nutritional strategies to support player performance.

Key point

The common pattern of play in football can be described as ‘stop and go'.




Figure 2. Classification of football activities by the amount of time spent in each activity
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Table 2. Example of elite standards of physical performance*

Overall distance ~12 km ~120 km
covered

Distance covered in ~0.6 km ~3.6 km
sprints

Distance covered in ~1.6 km ~8.5 km
high speed runs

Number of sprints ~90 -

Top speed ~9.5m/s ~9.5m/s
Average recovery ~30s ~35s
time

Number of ~15 -
interceptions

Number of tackles ~10 -
Change of activity ~1350/match -

every 4-6 sec
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Other activities Heading, passing, | -
dribbling, shooting

Penalty area entries - ~40 +
Final third entries - ~80 +
Crosses - ~30 +

Source: own elaboration.

*Metrics of football specific activities, shots per match, interceptions, tackles won can also
be included and modified to be relevant to the specific position.

Other physically demanding activities during match play

Football also involves other energy-demanding activities such as alterations in pace,
decelerations, changes in direction, execution of specific match skills, heading, tackles,
jumps, physical contact for possession of the ball and tracking opponents (Carling et al.,
2008). The data presented on high-intensity running for example does not include a
number of other energy-intensive activities, such as short accelerations, turns, actions
with the ball, tackles and jumps. Most maximal accelerations are not performed at speeds
associated with high-intensity running, but are still metabolically taxing (Osgnach et al.,
2010). It has been reported that players in the FA Premier League make about 700 turnsin
a match, with around 600 of them being 0—90 degrees and are also involved in about 110
actions with the ball, with marked variation between players (Bloomfield et al., 2007,
Bangsbo, 2014).

At the top level of the sport, the number of tackles and jumps have been shown to vary
from 3-27 and 1-36 per match, respectively (Mohr et al., 2003). However, this depends on
the individual playing style and position in the team. Regarding headers, central defenders
head the ball most frequently, data from the Spanish League and English League suggest
that these players head the ball 5-15 times during a match (Bangsbo, 2014).

Finally, attacking players and defenders frequently fall to the ground in match-play, with
the emphasis usually on defenders to get-up quickly. Thus, repeatedly regaining a
standing position from lying on the floor is another physically demanding activity for
players during football-specific activity.

Did you know?
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An objective of a “tackle” in football is to dispossess an
opposing player of the ball or to prevent the opposing

on player from completing an activity that they intend to  the ball activities
complete.

A review by Bloomfield
et al. (2007) investigated ball interactions by players during competitive matches (figure
3). Although there was variation between playing position, there was no significant
difference found in the number of ball interactions. In general, a player will interact with
the ball between 90 and 140 times in a match; however, the average time of interaction is
extremely short. The typical interaction is a one-touch pass or a control-pass. Players,
especially at the elite level, will usually receive the ball within 1 to 5 meters of space
between them and an opponent. Consequently, a player usually has less than a second
“on the ball” to execute a skill. On the appropriate occasions, a player may control and
dribble the ball leading to rare situations of up to 4 seconds of possession. On average,
over an entire 90-minute match, a player will typically have up to 60 to 90 seconds of ball
time. Thus, players have ~1 % of the total playing time to impact the match through “on
the ball” interaction.

Figure 3. Frequency of ‘on the ball’ activity within total match-play performed by
players of different positions. Data are means (+-SD)

Pass long air (right foot) 13(25)* 7.0 (6.9) 9.7 (6.9) 59 (6.7) 15.6 <.001
Pass short air (header) 8.8(9.2) 5.0 (6.6) 7.0 (6.9) 7.0 (7.7) 2.2 325
Pass short ground (right foot) 13.9 (9.6) 273 (28.8) ¥ 9.0 (7.8) ¥ 16.7 (19.3) 6.1 .046
Receive (right foot) 14.8 (11.2) 22.7 (20.4) 11.7 (12.1) 16.4 (15.5) 43 118
Receive (left foot) 6.3 (7.6) 11.0 (10.3) 5.0 (8.0) 7.4 (8.9) 5.6 .061
Dribble 18.0 (13.4) 22.7 (24.3) 12.0 (12.5) 17.6 (17.7) 3.6 152
Total 102.3 (51.1) 139.7 (111.1) 90.3 (47.6) 110.6 (76.9) 29 234

Follow up Mann Whitney U tests: * significantly different to both other positions, ¥ pair of positions annotated is significantly different.

Source: Bloomfield et al., 2007, https://lc.cx/jsrs6_

Factors that influence physical demands of football
i) Standard of play

As previously mentioned, players typically spend approximately 80 % of the match
engaged in low-intensity and walking activities (figure 2). Of interest, is that this pattern
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does not appear to change between moderate level and top-class level professional
players (figure 4). Instead, the amount of high-speed running may be a distinguishing
factor between top-class and moderate-level professional players from those players who
complete at a lower standard (figure 5). For example, a review by Bangsbo (2014)
explained how international top-class players performed 28 % more high-intensity
running (2.43 vs. 1.90 km) and 58 % more sprinting (650 vs. 410 m) than professional
players at a lower level (Mohr et al., 2003). Furthermore, Ingebrigtsen et al. (2012) found
that players in the top teams (top half) in the Danish League covered 30-40 % more high-
speed running distance compared to the middle and bottom ranked teams (Ingebrigtsen
et al.,, 2012). Conversely, some studies observed that English Championship players
(second league) covered greater overall distance and performed more high-speed
running and sprinting than players in the English Premier League (top league) (Di Salvo et
al,, 2013). Although these changes were reported to be statistically different, the actual
differences (~0.2 km) were negligible in practical terms (Di Salvo et al., 2009; Di Salvo et
al,, 2013).

A similar study, comparing the match performance of players in the top three competitive
standards of english football, found that players in the second (Championship) and third
(League 1) leagues performed more high-speed running (>19 km/h) than those in the
Premier League (top league) (803, 881 and 681 m, respectively), which was also the case
for sprinting (308, 360 and 248 m, respectively) (Bradley et al., 2013). This observation was
consistent for all outfield players (Bangsbo, 2014). In addition, players (n=20) who
changed teams, moving down from the Premier League to the Championship League,
were found to cover more distance with high-intensity running (1103 vs. 995 m), whereas
no difference was observed for players moving up from Championship to Premier League
(945 vs. 1021 m). Nevertheless, when comparing higher and lower standard footballers, no
difference in the Yo-Yo Intermittent Endurance Test Level 2 was observed (see “Physical
capacity” section). This would suggest that the difference between the top and second tier
players were not due to differences in the players physical fitness (Bradley et al., 2013).

Interestingly, it has been reported that successful (winning) teams in the Italian Serie A
league (first division) appear to cover less (4-12 %) high-intensity running distance
compared to unsuccessful teams, but more distance while in possession of the ball
(Rampinini et al.,, 2009). In addition, players cover more ground with high intensity
running when playing against higher in comparison to lower quality opponents
(Rampinini et al., 2007, Castellano et al. 2011; Castellano et al., 2012). Playing against strong
opponents has been found to be associated with lower ball possession (Bloomfield et al,,
2005). It is possible that lower-standard players must cover greater distances in an
attempt to “close down” players and regain possession. It may also be that higher-
standard players are more selective about their high-intensity efforts (Bangsbo, 2014).
Differences in match demands between higher and lower league players may also be
related to playing style. For example, higher level teams may aim for possession tactics,
rather than the long ball or direct tactic typically associated with lower standards of play.
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Figure 4. Activities performed in percentage of total time are not different between top-
class and moderate level players*
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Source: own elaboration.

Figure 5. Total distance and distance covered during high intensity running is greaterin
elite footballers
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i) Influence of team tactics on physical demands

The distance covered and intensity of activities performed by a player during a match will
be heavily influenced by the coaches’ tactical requests and team system. A study
investigated the effect of playing formation on high-intensity running and technical
performance of English Premier League teams (Bradley et al., 2011). Bradley et al. (2011),
found no differences in total distance covered or high-intensity running between the 4-4-
2,4-3-3 and 4-5-1 formations. However, players in a 4-5-1 formation performed less very
high-intensity running when their team was in possession and more when their team was
not in possession, compared to the 4-4-2 and 4-3-3 formations. These differences may be
related to the attacking and defensive characteristics inherent to these playing
formations, as a 4-5-1 formation is considered more defensive than a 4-4-2 or 4-3-3, due
to the reinforcement of the midfield areas at the expense of forward players (Bangsbo,
2014). Although few differences in physical demands were observed between formations
on an individual player basis, formation did impact the physical demands of attacking
players. In a 4-3-3 formation, forward players performed approximately 30 % more high-
intensity running than forwards in the 4-4-2 and 4-5-1 formation (Bradley et al., 2011). It
was also observed that attacking players in a 4-5-1 formation had a significant decline in
high-intensity running in the second half, which was not observed in the other systems.
This could be explained because the 4-5-1 formation requires the single attacking player
to pressure the defenders when not in possession of the ball (Bangsbo, 2014). Overall, ball
possession does not seem to differ between the 4-4-2, 4-3-3 and 4-5-1formations, but the
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number of passes and the proportion of successful passes are found to be higher in a 4-
4-2 compared with 4-3-3 and 4-5-1 formations.

In general, the available data suggest that playing formation per se does not influence the
overall activity profiles of players (Bangsbo, 2014). Instead, it is the playing position within
the formation that governs the differences in physical demands. For example, analysis of
positional data regarding physical demands across formations, showed differences in
forwards and central midfielders (Arjol-Serrano et al. 2021). Thus, it could be suggested
that “additional” consideration be paid to the nutritional preparations of the central
midfield and attacking players in the 4-5-1 and 4-3-3 formations. Especially if the player is
inexperienced in the system, they are at greater risk of premature fatigue (Bloomfield et
al., 2007; Bangsho, 2014).

Did you know?

The sequence of numbers in a team'’s “formation” refers
to the number of players moving from defensive to
attacking positions. For example, 4-4-2; 4 defenders, 4
midfield players and 2 attacking players. The goal keeper
is notincluded in the “formation” information.

iii) Positional differences

The activity profile and demands on a player are determined by his/her positional role in
the team (Reilly, 1997). Mohr et al. (2003) studied top-class players and found that central
defenders covered less total distance and engaged in less high-intensity running than
players in the other positions, which is probably linked to their tactical roles and lower
physical capacity (Bangsbo, 2014 Mohr et al., 2003). On the other hand, midfielders
typically cover the greatest distances. However, there are marked differences between
players within the same position (figure 6) (Bangsbo, 2014). Differences in distance
covered has also been reported to differ between players in the same position, this may
be related to playing style and could explain contrasting results between studies.

Data from the English Premier League has shown that defenders and central midfielders
performed fewer leading sprints compared to other positions (Bloomfield et al., 2007). In
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general, data from top English and Spanish leagues suggests that central defenders and
central defensive midfield players cover the least high-speed running and sprinting
distances, whereas forwards cover the greatest high-speed running distances (Bangsbo,
2014). Central defensive midfield players cover a greater distance than central attacking
midfielders (Dellal et al., 2011) and external/wide midfield players cover the most high-
intensity running distance (Carling et al., 2008). Finally, central attacking and wide
midfielders also cover the most distance in high-speed running when their team has
possession of the ball (Bradley et al., 2013).

Therefore, it is important to consider the team formation and track trends in formation of
national professional football leagues. As tactical formations continue to evolve it will be
important to understand how they influence the physical demands placed on football
players (Gonzalez-Rodenas et al., 2023).

Figure 6. Position specific demands of the match in different football leagues
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positions. Each player is represented by a symbol.

Source: Bangsbo et al., 2014, https://lc.cx/s0Jp9K

iv) Physical capacity

To manage and perform football specific exercise, the physical capacity of the player
should also be considered. The physical capacity of a player has a great influence on work
rate during a match. Differences in physical capacity exist among top-class players even
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within the same position, which to some extent can explain the differences observed in
high-speed running during the match (Bangsbo, 2014). Differences in a players physical
capacity can be determined using the Yo-Yo Intermittent Recovery Level 1 (Yo-Yo IR1) and
Level 2 (Yo-Yo IR2) Tests (figure 7) (Bangsbo et al., 2008).

The two Yo-Yo intermittent recovery (IR) tests evaluate an individual's ability to repeatedly
perform intense exercise. The Yo-Yo IRl test focuses on the capacity to carry out
intermittent exercise leading to a maximal activation of the aerobic system, whereas Yo-
Yo IR2 determines an individual's ability to recover from repeated exercise with a high
contribution from the anaerobic system (Bangsbo, 2014).

On average, central defenders had lower Yo-Yo IRl test scores than players in other
positions. Whereas no differences were observed in the Yo-Yo IR2 test, showing that on
the whole central defenders had lower intense endurance capacity, but the same ability
to recover (Krustrup et al,, 2006a).

Physical capacity is highly related to the training load accumulated by the player. For
example, trained football players have been reported to have 67 % improved Yo-Yo scores
in comparison to untrained individuals (Krustrup et al., 2015). Interestingly, more
successful teams have been reported to have superior physical capacities measured by
Yo-Yo score (Mohr and Krustrup, 2014). The detailed discussion for training a football
player is beyond the scope of this unit. Specific nutrition strategies to support football
training are covered in later modules. To summarise, the exercise volume that the player
completes is typically referred to and subdivided into “external” and “internal” load.
External load refers to parameters such as time, distance, speed, and number of
repetitions of each activity performed by the player. Internal load refers to the
physiological response to the external load. The internal response relates to specific
demands placed on the physiological systems such as the cardiovascular system (Unit 2).

Figure 7. Yo-Yo intermittent recovery level 1 and level 2 in relation to playing position.
Each player is represented by a symbol
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V) Gender

The studies described in this unit (Unit 1) have in general, examined male players, but
female players have also been evaluated (Bradley et al., 2014). The amount of high-
intensity running in elite women’s football has been shown to be approximately 30 %
lower than in male elite football (Krustrup et al., 2005). This has been confirmed in studies
of top-class females competing in the European Champions League, showing that they
cover less high-speed running distance than their male counterparts (Bangsbo, 2014).
One of the major reasons is that female players possess lower physical capacity than male
players across a range of aerobic and anaerobic fitness tests (Krustrup et al., 2010; Bradley
et al,, 2014).

vi) Pitch size

Small-sided games are widely used by coaches to develop technical and tactical skills as
well as to improve the endurance of football players. In this sense, several studies have
investigated the effects of altering different variables or match rules, including the
duration of the match formats and pitch size. During training, the size of the pitch can be
constantly modified to manipulate the intensity or focus of the session. Some studies have
found that small-sided matches played on larger pitches are more intense than those
played on smaller ones (Rampinini et al., 2007) whereas other studies have found
opposite results. In any case, it is important to recognize that modifying the size of the
pitch may change the physical demands placed on a player during training and matches.

Did you know?

The dimensions of a professional football pitch can vary
significantly. The length of a pitch can range between 100
yards (90m) and 130 yards (120m) and the width can range
between 50 yards (45m) and 100 yards (90m).
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vii)  Heat and hypoxia

Players may be expected to play in temperatures >30 °C during early and later stages of
the season. The potential for matches to be played in extreme temperatures was also
highlighted in the last International Federation of Association Football (FIFA) World Cup
played in Qatar, 2022. Within both competitive and non-competitive football matches,
studies have reported a reduction ranging from 2.6 to 57 % in total distances players
achieved at high intensity in hot conditions (Mohr et al,, 2003; Buchheit et al., 2011, Mohr
and Krustrup, 2013). Exertional heat stress elicits substantial decrements upon football-
specific performance, due to increasing body temperatures amongst other multi-factorial
mechanisms accelerating fatigue (Mohr et al., 2010; Nybo et al., 2014). Thus, high
environmental temperatures can influence the completion of football-specific activities
(Mohr and Krustrup 2013).

Total distances players achieved at high intensity are known to reduce between 3 and 20
% in hypoxic environments (McSharry, 2007). Elite clubs playing in the Union of European
Football Associations (UEFA) Champions and Europa leagues could play in altitudes as
high as 1000 meters above sea level. However, “low altitudes” classified as 500 meters —
2000 meters are sufficient to produce minor impairments in aerobic performance, due to
a reduction in partial pressure of oxygen (Gore et al,, 2013). A reduction in maximum
oxygen uptake will inhibit recovery from repeated sprint activities and inhibit total
distances covered within a match (Taylor and Rollo 2014). As such, players usually have
more time on the ball and may be perceived as more technically proficient.

It is important to recognize the influence that environmental extremes may have on the
physical performance of players and subsequent match outcome. Appropriate nutrition
strategies to combat these extreme environments will be covered later in the course
(Nutrition Considerations in Football).

Did you know?

Professor Tom Reilly (1941 — 2009) pioneered applied practice in the football world. This
early work on notational analysis and work rate profiles has paved the way for
generations of sports science graduates to apply their knowledge and expertise in the
football industry.

To know more about Professor Reilly, visit the following link:
https://www.ljmu.ac.uk/about-us/bicentenary/our-people/professor-tom-
reilly/professor-tom-reilly-profile
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Unit 1. Summary

The physical demands on a football player during a match can be determined from
the analysis of match activities using time motion analysis.

The typical total distance covered by a top-level outfield male player during a
match is approximately 10-13 km.

High intensity running/activities/sprints precede key events in a match.

Players perform approximately 1200 unpredictable changes in activity, every 3-5
seconds.

Countless factors influence the physical demands placed on players during a
match including, but not limited to:

standard of play
playing position
tactical formation
gender

pitch size
environmental factors

o O O O O O
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Unit 2. Physiological response to football activity

Unit 1 outlined the physical demands of football. Now, it is important to describe the
physiological responses to football exercise. This information not only provides
understanding of how the players’ body responds to meet the energy demands, but also
provides the rationale for appropriate sports nutrition strategies. It is also important to
understand what causes a player to fatigue. This is because understanding fatigue will
inform the players’ daily diet as well as acute sports nutrition strategies to preserve
running and skill performance. As demonstrated in the previous unit, many studies have
analysed football match activities. However, studies investigating the physiological
demands during match play are less prevalent.

Homeostasis is the ability to maintain a stable internal environment of the body.
Physiological variables such as body temperature and fluid balance are kept within
narrow limits. Thus, to maintain a stable internal environment the body must continuously
adjust to changes created by either the internal and/or external environment. The
participation in football poses a great challenge to the internal environment of the player’s
body. Luckily, humans have evolved over millions of years to cope with the demands of
exercise. Specifically, humans have evolved to cover great distances on foot but maintain
the capacity for bursts of short fast movements. Therefore, it could be argued that humans
have, in fact, evolved to play football.

Figure 8. Humans have evolved to cope with the physical demands of football

Challenge

64414

“The milieu interieur never varies. All The vital mechanisms... have
only one object, that of preserving constant the conditions of life in
the internal environment”...

Claude Bernard, 1878

Source: own elaboration.

Physiological responses
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As a player initiates in football exercise there is an immediate increase in the demand for
energy by the contracting muscles, to perform the movements classified in Unit 1.
Providing energy, via the aerobic energy system, is dependent upon the availability of fat,
carbohydrate and oxygen to the working muscle. The bi-product of aerobic metabolism,
carbon dioxide, must be removed simultaneously. These key processes of oxygen delivery
and carbon dioxide removal during football are achieved by the respiratory and
cardiovascular systems.

Did you know?

The composition of atmospheric air is approximately 21 %
oxygen, 78.0 % nitrogen and 0.04 % carbon dioxide.

The role of the respiratory system

Gaseous exchange occurs in the lungs, where the gases (oxygen and carbon dioxide)
move by diffusion from areas of high concentration to low concentrations. As such,
oxygen diffuses from the atmospheric air in the lung (alveoli) into the blood, and carbon
dioxide diffuses from the blood into the lung and is subsequently expelled from the body.

Oxygen is bound in the blood by the protein haemoglobin (found in red blood cells, which
gives blood its red colour), to form oxyhaemoglobin. Ingesting sufficient iron in the diet is
required for the formation of haemoglobin (covered in detail in Nutrition Considerations
in Football course). The oxygenated blood from the lungs returns to the heart to be
pumped to the working muscles, via the circulatory system to the working muscles. A 75
kg male adult footballer will have approximately 5 L of blood. Just under half of the blood
composition will consist of red blood cells with the remaining volume of blood (~55 %)
consisting of plasma (a watery solution that suspends the blood cells and serves as an
essential solvent for the transport of nutrients, electrolytes, proteins and gases).

In response to increased football intensity, the player increases both the depth (tidal
volume) and frequency of their breathing, with the aim of matching breathing to the
oxygen demand of the football exercise. The mechanism on how ventilation is increased
during exercise is likely due to the respiratory centres in the brain being stimulated (Ursino
and Magosso, 2004). This stimulation is likely in response to specialised receptors
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(chemoreceptors) detecting changesin the blood chemistry, such asanincreasein carbon
dioxide that results from increased energy production in the muscle.

The role of the cardiovascular system

Football activity also causes a rapid increase in the blood flow to the working muscles,
caused by repeated muscle contractions. The redistribution of blood, from central organs
to the contracting muscle provides the oxygen and nutrients required for energy
production, whilst also facilitating the removal of heat and carbon dioxide. The brain
registers this disturbance and compensates by increasing the heart rate (the number of
heart beats per minute) and stroke volume (the volume of blood pumped out per heart
beat). Both these factors combined increases the total volume of blood being pumped by
the heart per minute (cardiac output) as well as blood pressure at the onset of exercise. A
football player’s heart rate during football exercise is largely determined by the intensity
of the match or training session. The relative exercise intensity is usually expressed as a
percentage of a player's maximal heart rate. Ideally, maximal heart rate should be
determined through a graded maximal exercise test, alternatively it may be estimated by
subtracting a player's age from 220, though significant variation will exist. Though beyond
the scope of this course, cardiac screening (using electrocardiography and
echocardiography) is now performed annually on all professional players (Berge et al.,
2019).

Did you know?

The player's heart works constantly without ever pausing to
rest. It is made of cardiac muscle that never gets tired. It has
a dual function: to pump oxygen-rich blood to the player's
body and oxygen-poor blood to the player's lungs.

The combined ability of the cardiovascular system to deliver oxygen to the working
muscle and the muscle’s capacity to use the oxygen will determine the maximal rate of
energy generation via aerobic metabolism. Maximal oxygen uptake (V'Ozma) is the
common measure of aerobic fitness and relative intensities of exercise can also be
expressed as a percentage of this value. The V'O.nax Will differ among players, dependent
upon playing position, body composition and training status. Those players with higher
V'O2max Values have been reported to perform better at football-specific tasks such as the
Yo-Yo test and cover greater distances during a football match (Krustrup et al., 2015).
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Physiological demands of football

Research studies have shown that football is an intermittent sport in which the aerobic
energy system is highly taxed. During a match, the average oxygen uptake is around 70
% V'02max, With mean and peak heart rates reported to be approximately 85 % and 98 % of
maximal values, respectively (Reilly and Thomas, 1979; Bangsbo, 1994a; Bangsbo, 1994b).
These values were determined by indirect measurements. Specifically, heart rate values
were recorded during a football match and extrapolated to those gathered during an
incremental treadmill running test measuring both heart rate and oxygen uptake
(Bangsbo, 1994a). Later studies validated these observations by directly measuring heart
rate and oxygen uptake (using mobile oxygen update devices) during football drills.
Interestingly, these studies reported similar heart rates for a given oxygen uptake during
football training to those values found during treadmill running (Reilly, 1997; Wong del,
Carling et al,, 2011). It is important to note that heart rate values recorded during a match
may overestimate the oxygen uptake of the player. This is because several factors such as
hypohydration, psychological stress, and increased core temperature may increase the
heart rate without affecting oxygen uptake in the muscle.

A player’s heart rate during a match is rarely below 65 % of their maximal value. This
suggests that blood flow to the exercising muscles is continuously higher than at rest,
which also means that oxygen delivery is high (Bangsbo, 2014). This is visually evident
during matches, as the player's breathing frequency is notably increased to meet the
oxygen demand. The rapid change in oxygen uptake kinetics, required during a football
match to change from low to high intensity running, appear to be dependent upon, but
not limited to, the oxidative capacity of the contracting muscles (Nyberg et al., 2010).
Players can enhance their muscles oxidative capacity by aerobic and or intense interval
training (Iaia et al., 2009).

Metabolic heat production is a consequence of metabolism in the muscle. The heat is
dissipated by the body through a thermoregulatory process, but some of the heat is stored
by the body causing a gradual rise in core temperature. As such, core temperature can be
used as another indirect measurement of energy production during exercise. A linear
relationship has been reported between the rectal temperature (method to measure core
temp) and relative work intensity during continuous cycling exercise (Saltin and
Hermansen, 1966). Interestingly, core temperature has been reported to be approximately
0.3 °C higher during intermittent exercise in comparison to continuous exercise at the
same relative intensity (Ekblom et al, 1971). From a football perspective, core
temperatures recorded during a match have been reported to reach 39-40 °C.
Reassuringly these values signify a mean aerobic load to that reported previously i.e.
approximately 70 % V'O.max (Smodlaka, 1978; Mohr and Krustrup, 2012).
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Did you know?

Muscle covers the player skeleton, giving the players body its
shape. Muscle is attached to the skeleton by tendons. Every
movement the player makes is a consequence of skeletal muscle
contraction that is under the voluntary control of the player.

Fatigue during a football match

The aim of the player is to maintain their running and technical performance for the
duration of match play. However, research studies have shown that the players” ability to
perform high-intensity exercise is reduced towards the end of matches in both elite and
sub-elite football players (Mohr et al.,, 2005). In the absence of appropriate nutrition
strategies, the volume of sprinting, high-intensity running, and distance covered are
generally lower in the second half than in the first half of a match (Bangsbo et al., 1991;
Reilly, 1997).

Notably, it is the high-speed running in the second half, which is reduced. The degree of
the reduction in the high intensity running is likely to be influenced by the activities
performed in the first half. For example, those players who play in the most physically
demanding roles (Unit 1; full-backs, central and external midfield players) have been
reported to experience the greatest reductions in running performance in the second half
(Bradley et al., 2013). In general, over 90 minutes, the volume of high intensity running is
reduced in the final 15-minute period, even in a professional match (Mohr et al., 2003;
Bradley, 2024).

It has also been suggested that reductions in match running performance could be a result
of conscious or subconscious pacing strategies. A change in pacing strategies would
theoretically adjust the players running speeds so that they have enough “energy” to
complete the match. However, it is important to note that the player’s activity will be
largely dictated “externally” by the activities of teammates and the opposition. Therefore,
itis difficult for players to dictate the intensity of exercise. Furthermore, the player's ability
to perform jumps and repeated sprints (figure 9) is significantly reduced at 90 minutes
compared to pre-match performance scores (Mohr et al., 2005; Rebelo et al.,, 2014). This
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would suggest that the fatigue experienced is due to physiological consequences of
playing football, rather than pacing strategies per se.

Itisimportantto note that not all studies report reductions in performance during a match.
For example, one study observing elite french teams reported that players were generally
able to maintain their skill-related performance throughout a match (Carling and Dupont,
2011). Nevertheless, most studies indicate that physiological mechanisms are responsible
for reductions in physical performance and technical abilities, especially in the final 15
minutes of a match. As reductions in player performance are likely a consequence of
player fatigue, discrepancies between research studies and observations in matches
could reflect the standard of player used (professional versus non-professional players)
or level of competition (tier 1 versus tier 2 leagues). This is because matches failing to
induce sufficient fatigue are unlikely to influence player physical performance or technical
skill.

Figure 9. Multiple sprint performance during a match (a)*
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triangles) half. Data are means+SEM.
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Causes of fatigue

The physiology of fatigue has been extensively studied (Enoka et al,, 2011). Fatigue is
considered a psychophysiological condition. Playing football results in players
experiencing “temporary fatigue” during a match and more “permanent fatigue” towards
the latter stages of a match. The causes of fatigue during a football match are multifactorial
with no single factor responsible for any decline in physical or skill performance (Behrens
et al. 2022). The exact underlying mechanism(s) responsible for football induced fatigue
are still under investigation. For sports nutrition it is important to understand and be able

nou

to identify “temporary”, “permanent” and “mental” fatigue as explained below.

Temporary fatigue

Players experience temporary fatigue during a match. Temporary fatigue can be identified
by a reduction in high-intensity exercise, below match average, in the five-minute period
following the most intense periods of the match (Mohr et al,, 2003). Indeed, decrements
in physical performance follow peak 1-minute, 2-minute and 5-minute periods of high
speed running during a match (Leifsson et al.,, 2024). When independently assessed,
repeated sprint performance is significantly reduced after an intense period during the
match (as well as at the end of each half) (figure 10) (Krustrup et al., 2006a). Thus, it would
appear that the temporary fatigue players experience during training and matches is a
result of physiological mechanisms.

Itisimportantto consider that fluctuationsin physical performance after an intense period
of play could be a consequence of the natural “flow” in match intensity. For example, two
players may sprint to contest for a ball, with the result being a corner kick. In this situation,
a period of lower intensity running is typically observed as both attacking and defending
teams take their tactical positions. Nevertheless, for well-motivated players, the cause of
temporary fatigue is associated with peripheral disturbances (within the muscle) which
ultimately result in impaired physical performance (Bigland-Ritchie et al., 1986).

Figure 10. Multiple sprint performance during a match (b)*
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Coaches and players commonly blame “lactate” or “lactic acid” accumulation on fatigue.
This is potentially because reductions in performance during a match or training have
been previously associated with moderate increases in muscle or blood lactate
concentrations (figure 4). However, this terminology is not accurate because there is little
evidence to support that elevated lactate is the cause of temporary fatigue during a
football match, nor limiting to high intensity intermittent performance per se (Bangsho et
al., 1992a). Instead, it is highly likely that lactate is serving as (i) an energy source, (ii) a
gluconeogenic precursor, (iii) a signalling molecule (Brooks, 2018; Brooks et al., 2023).

Elevated lactate concentrations can result in an increase in hydrogen ions within the
muscle. If hydrogen ions accumulate, the muscle becomes more acidic and the contractile
properties of muscle are impaired (Bangsbo et al,, 1992a). However, the degree of muscle
acidity reported during a football match is only mild (pH ~6.8) and to date is not
considered as the direct cause of reduced football performance (Krustrup et al., 2006a).

Did you know?
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Gluconeogenesis is a pathway of reactions that generate
glucose from non-carbohydrate substrates, occurring
primarily in the liver.

Figure 11. Muscle lactate production during a football match
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Did you know?

pH is a measure of the degree to which a solution is acidic or alkaline.
The more acidic a solution the greater the hydrogen ion
concentration. A pH of 7.0 is an indicator of neutrality, a pH of more
than 7 indicates alkalinity and a pH of less than 7 is an indicator of
acidity. The pH of the player’'s blood is approximately 7.4.

Other potential causes of fatigue may be due to low muscle phosphocreatine
concentrations. This mechanism of fatigue is supported by studies which report improved
performance during intense intermittent exercise following dietary supplementation of
creatine monohydrate (Football Nutrition Skills).

Phosphocreatine concentrations have been reported to be almost depleted in individual
fibres at the point of fatigue, after intense exercise (Soderlund and Hultman, 1991).
However, in football, muscle phosphocreatine concentrations are only 25 % lower than
resting concentrations after the intense periods ina match ( Krustrup et al,, 2006a). This
relatively small reduction in muscle phosphocreatine observed during football is likely a
consequence of the fast recovery of phosphocreatine that would have occurred within the
15-30 second delay in the preparation and collection of muscle biopsies. This may also
account for the absence of change in muscle phosphocreatine reported in the final stages
of the Yo-Yo IRT at the point of exhaustion (Krustrup et al., 2003).

Did you know?

A muscle biopsy is a procedure that removes a small sample of
muscle tissue. The muscle sample is freeze dried and later
analysed in a laboratory.

To date, the best candidate for the development of temporary fatigue during high-
intensity exercise is related to an accumulation of potassium in the muscle interstitium
and the associated electrical disturbances in the muscle cell (Juel et al., 1990; Nielsen et
al., 2004; Street et al., 2005). Prior to contraction, the muscle must be innervated by its
motor neuron. Neurons send messages electrochemically (using sodium and potassium)
to cause an electrical impulse. The accumulation of potassium in the muscle interstitium
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may impair the impulse to the muscle and subsequent recruitment of the muscle. This
hypothesis is supported by studies that have reported the muscle interstitial potassium
concentrations to be higher than 11 mmol/L during exhaustive exercise (Nielsen et al.,
2004), which according to in vitro studies is sufficient to depolarize the muscle membrane
potential and reduce force development (Cairns and Dulhunty, 1995).

During a football match, venous plasma potassium concentration taken from the arm have
been reported to be 5 mmol/L, values only slightly lower than values observed after
exhaustive incremental intermittent exercise (Krustrup et al., 2003). However, these
plasma values do not provide a clear picture of the concentrations around the contracting
leg muscles engaged during football. Thus, further research is needed and studies
continue to improve our understanding of transient fatigue during football exercise (Mohr
et al,, 2005).

Did you know?

A motor neuron is a nerve cell that conveys impulses from the
player’s central nervous system to a muscle that is required for
contraction.

Permanent fatigue
Muscle glycogen

The development of fatigue during prolonged intermittent exercise has long been
associated with low glycogen availability in the muscle (Bergstrom et al.,, 1967). Studies
have demonstrated that elevating muscle glycogen prior to football exercise, through a
high carbohydrate diet, results in enhanced high intensity intermittent running
performance (Bangsbo et al,, 1992, Balsom et al., 1999). Failure to increase pre-exercise
muscle glycogen concentrations or provide carbohydrate during exercise may result in
muscle glycogen levels falling below the concentration required to maintain maximal
glycolytic rate (~200 mmol/kg d.w.) (Bangsbo et al., 1992a). Analysis of individual muscle
fibres revealed that approximately half of both type 1 and type 2 were almost depleted or
fully depleted of glycogen at the end of a 90-minute match (Krustrup et al., 2006a). This
reduction was associated with a decrease in sprint speed during a sprint test performed
immediately after the match. Therefore, the depletion of glycogen in muscle fibres may
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prevent a maximal effort in single and/or repeated sprints and be responsible for the
“permanent fatigue” towards the end of a match (figure 2).

Furthermore, low glycogen concentrations are likely to inhibit the electro-chemical chain
of events between the brain and skeletal muscle contraction (Rollo and Williams, 2023).
Therefore, low carbohydrate availability and “permanent” fatigue is likely to be
detrimental to coordinated skill performance also.

Hypohydration and hyperthermia

Other factors that contribute to the onset of fatigue in the latter period (final 15 minutes)
of a match include hypohydration and hyperthermia Nutrition Considerations in Football)
(Reilly, 1997). The fluid losses in football players are highly varied between individuals,
even in response to the same training session or match (Baker et al., 2016). It has been
reported that football players lose 1-3 litres of fluid during matches in thermoneutral
environments, and fluid losses may exceed 3 L in hot and humid environments (Laitano et
al., 2014). High fluid losses are of importance because hypohydration equivalent to 2 %
body mass losses have been reported to impair football skill performance (McGregor et
al., 1999). In other intermittent running sports such as tennis, greater fluid deficits equating
to 2.7 % body mass loss have been reported to reduce five and ten meter sprint
performance (Magal et al., 2003). In football, even modest fluid losses (approximately 1%
of the players body mass) have been reported to result in significant reductions in sprint
performance, despite having no effect on core temperature (Mohr et al., 2004; Mohr et al.,
2005). Thus, it appears that fluid loss is also a contributing factor to impaired performance
at the end of a match. This is of great relevance to sports nutrition for football, because
fluid replacement strategies can be personalised to support individual player training and
match requirements.

Did you know?

Thermoneutral environments cover a range of temperatures that
allows a player to maintain a body temperature (~37 °C) without
regulatory changes in metabolic heat production or evaporative heat
loss. Many factors will influence the range of “thermoneutral”
temperatures, such as the players body composition and the clothing
(kit) worn during training and matches.

Fixture congestion
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A relevant question in professional football is whether “chronic” fatigue may manifest
because multiple matches are played within a short period of time. For example, players
are often required to play 2-3 matches a week during specific stages of the season. To
date, no differences in either skill or physical performance were observed when three
matches were played within seven days (Carling and Dupont, 2011). Howeuver, players'
ability to sprint, jump and perform repeated intense exercise has been reported to be
impaired when playing two competitive matches a week over a six week period (Rollo et
al., 2014). To this end, a nutritionist must modify the nutrition plan for the team and
individual players based on both the “single” match demands and in context of the
“overall” fixture schedule. Emphasis during these busy stages of the season should focus
on appropriate fuelling and recovery strategies between matches.

Mental fatigue

Mental fatigue is defined as a psychobiological state that arises during prolonged
demanding cognitive activity and results in an acute feeling of tiredness and a decreased
cognitive ability as well as mood changes (Habay et al., 2021). Mental fatigue can reduce
physical capacity and increase ratings of perceived exertion. Relevant for football, mental
fatigue has been shown to fluctuate throughout a competitive season (Russell et al., 2022).
This is important as mental fatigue has been reported, in one review, to have a negative
influence on 37 % of soccer specific skills (n.=92) (Habay et al., 2021).

Thus, mental fatigue has been recognised as a key consideration in football, due to the
associated negative impact on physical, technical, decision-making, and tactical
performance (Smith et al., 2018). Contributing factors to mental fatigue in team sport
environments include but are not limited to prolonged cognitive demands, team
meetings, travel, and the inability to “switch off” (Smith et al., 2018). These factors are of
interest, as there are occasions which can be influenced by the sports nutritionist.

Unit 2. Summary
e The players body responds rapidly to the energy demands of football exercise.
e The aerobic energy system is highly taxed during a football match, with average

and peak heart rates around 85 % and 98 % of maximal values, respectively,
corresponding to average oxygen uptake of around 70 % of maximum.
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e Playing football results in players experiencing “temporary” fatigue during a
match, most likely due to an accumulation of potassium in the muscle interstitium.

e The “permanent fatigue” towards the latter stages of a match is associated with a
reduction in muscle glycogen and significant hypohydration.

e Mental fatigue fluctuates over the season.
References

Arjol-Serrano, J. L., Lampre, M., Diez, A,, Castillo, D., Sanz-Lépez, F., Lozano, D. (2021). The
Influence of Playing Formation on Physical Demands and Technical-Tactical Actions
According to Playing Positions in an Elite Soccer Team. Int. J. Environ Res. Public Health,
18(8), 4148.

Baker, L. B., Barnes, K. A., Anderson, M. L., Passe, D. H. and Stofan, J. R. (2016). Normative
data for regional sweat sodium concentration and whole-body sweating rate in athletes.
J Sports Sci, 34(4), 358-368.

Balsom, P. D., Wood, K., Olsson, P. and Ekblom, B. (1999). Carbohydrate intake and
multiple sprint sports: with special reference to football (soccer). Int J Sports Med, 20(1),
48-52.

Bangsbo, J. (1994a). Energy demands in competitive soccer. J Sports Sci, 12(1), 5-12.
https://doi.org/10.1080/02640414.1994.12059272

Bangsbo, J. (1994b). The physiology of soccer--with special reference to intense
intermittent exercise. Acta Physiol Scand Suppl, 619, 1-155.

Bangsbo, J. (2014). Physiological Demands of Football. Sports Science Exchange, 27(125), 1-
6.

Bangsbo, J., Graham, T., Johansen, L., Strange, S., Christensen, C. and Saltin, B. (1992a).
Elevated muscle acidity and energy production during exhaustive exercise in humans. Am
J Physiol, 263(4 Pt 2), R891-899.

Bangsbo, 1., Graham, T. E., Kiens, B. and Saltin, B. (1992b). Elevated muscle glycogen and
anaerobic energy production during exhaustive exercise in man. J Physiol, 451, 205-227.

Bangsbo, J., Iaia, F. M. and Krustrup, P. (2008). The Yo-Yo intermittent recovery test: a
useful tool for evaluation of physical performance in intermittent sports. Sports Med, 38(1),
37-51.

36


https://doi.org/10.1080/02640414.1994.12059272

Bangsbo, J., Mohr, M. and Krustrup, P. (2006). Physical and metabolic demands of training
and match-play in the elite football player. J Sports Sci, 24(7), 665-674. DOI:
10.1080/02640410500482529.

Bangsbo, J., Norregaard, L. and Thorso, F. (1991). Activity profile of competition soccer. Can
J Sport Sci, 16(2), 110-116.

Bangsbo, J., Norregaard, L. and Thorsoe, F. (1992). The effect of carbohydrate diet on
intermittent exercise performance. Int J Sports Med 13(2), 152-157.

Behrens, M., Gube, M., Chaabene, H., Prieske, 0., Zenon, A., Broscheid, K. C, Schega, L.,
Husmann, F., and Weippert, M. (2022) Fatigue and Human Performance: An Updated
Framework. Sports Medicine, (1), 7-31.

Berge, H. M., Andersen, T. E. and Bahr, R. (2019). Cardiovascular incidents in male
professional football players with negative preparticipation cardiac screening results: an
8-year follow-up. Br J Sports Med, 53(20), 1279-1284.

Bergstrom, J., Hermansen, L., Hultman E. and Saltin, B. (1967). Diet, muscle glycogen and
physical performance. Acta Physiol Scand 71(2), 140-150.

Bigland-Ritchie, B., Furbush, F. and Woods, J. J. (1986). Fatigue of intermittent
submaximal voluntary contractions: central and peripheral factors. J Appl Physiol, 61(2),
421-429.

Bloomfield, J., Polman, R, Butterly, R. and 0'Donoghue, P. (2005). Analysis of age, stature,
body mass, BMI and quality of elite soccer players from 4 European Leagues. J Sports Med
Phys Fitness, 45(1), 58-67.

Bloomfield, J., Polman, R. and 0'Donoghue, P. (2007). Physical Demands of Different
Positions in FA Premier League Soccer. J Sports Sci Med, 6(1), 63-70.
https://pmc.ncbi.nlm.nih.gov/articles/PMC3778701/

Borg, G. (1982). Ratings of perceived exertion and heart rates during short-term cycle
exercise and their use in a new cycling strength test. Int J Sports Med, 3(3), 153-158.

Bradley, P. S., Bendiksen, M., Dellal, A., Mohr, M., Wilkie, A., Datson, N., Orntoft, C., Zebis,
M., Gomez-Diaz, A., Bangsbo, J. and Krustrup, P. (2014). The application of the Yo-Yo
intermittent endurance level 2 test to elite female soccer populations. Scand J Med Sci
Sports, 24(1), 43-54.

37



Bradley, P. S., Carling, C., Archer, D., Roberts, 1., Dodds, A., Di Mascio, M., Paul, D., Diaz, A.
G., Peart, D. and Krustrup, P. (2011). The effect of playing formation on high-intensity
running and technical profiles in English FA Premier League soccer matches. J Sports Sci,
29(8), 821-830.

Bradley, P.S., Carling, C., Gomez Diaz, A., Hood, P., Barnes, C., Ade, 1., Boddy, M., Krustrup,
P. and Mohr, M. (2013). Match performance and physical capacity of players in the top
three competitive standards of English professional soccer. Hum Mov Sci, 32(4), 808-821.

Bradley, P. S. (2024). Setting the Benchmark Part 1: The Contextualised Physical Demands
of Positional Roles in the FIFA World Cup Qatar 2022. Biol Sport., 41(1), 261-270.

Bradley, P. S. (2024) Setting the Benchmark' Part 2: Contextualising the Physical Demands
of Teams in the FIFA World Cup Qatar 2022. Biol Sport, 41(1), 271-278.

Bradley, P. S., Dellal, A., Mohr, M., Castellano, J. and Wilkie, A. (2014). Gender differences
in match performance characteristics of soccer players competing in the UEFA Champions
League. Hum Mov Sci, 33, 159-171.

Brooks, G. A. (2018). The Science and Translation of Lactate Shuttle Theory. Cell Metab,
27(4), 757-785.

Brooks, G. A., Osmond, A. D., Arevalo, J. A., Duong, J. J., Curl, C. C., Moreno-Santillan, D. D.
and Leija, R. G. (2023) Lactate as a myokine and exerkine: drivers and signals of physiology
and metabolism. J Appl Physiol., (3), 529-548.

Buchheit, M., Voss, S. C., Nybo, L., Mohr, M. and Racinais, S. (2011). Physiological and
performance adaptations to anin-season soccer camp in the heat: associations with heart
rate and heart rate variability. Scand J Med Sci Sports, 21(6), 477-485.

Bush, M., Barnes, C., Archer, D. T., Hogg, B. and Bradley, P. S. (2015). Evolution of match
performance parameters for various playing positionsin the English Premier League. Hum
Mov Sci, 39, 1-11.

Cairns, S. P. and Dulhunty, A. F. (1995). High-frequency fatigue in rat skeletal muscle: role
of extracellular ion concentrations. Muscle Nerve 18(8), 890-898.

Carling, C., Bloomfield, J., Nelsen, L. and Reilly, T. (2008). The role of motion analysis in
elite soccer: contemporary performance measurement techniques and work rate data.
Sports Med, 38(10), 839-862.

Carling, C., Bradley, P., McCall, A. and Dupont, G. (2016). Match-to-match variability in
high-speed running activity in a professional soccer team. J Sports Sci, 1-9.

38



Carling, C. and Dupont, G. (2011). Are declines in physical performance associated with a
reduction in skill-related performance during professional soccer match-play? J Sports Sci,
29(1). 63-71.

Castellano, J,, Blanco-Villasenor, A. and Alvarez, D. (2011). Contextual variables and time-
motion analysis in soccer. Int J Sports Med, 32(6), 415-421.

Castellano, J., Casamichana, D. and Lago, C. (2012). The Use of Match Statistics that
Discriminate Between Successful and Unsuccessful Soccer Teams. J Hum Kinet, 31, 139-
147.

Dellal, A., Chamari, K., Wong, D., Ahmaidi, S., Keller, D., Barros, R., Bisciotti, G. and Carling,
C. (2011). Comparison of physical and technical performance in European soccer match-
play: FA Premier League and La Liga. European Journal of Sports Science, 11(1), 51-59.

Di Mascio, M. and Bradley, P. S. (2013). Evaluation of the most intense high-intensity
running period in English FA premier league soccer matches. J Strength Cond Res, 27(4),
909-915.

Di Salvo, V., Gregson, W., Atkinson, G., Tordoff, P. and Drust, B. (2009). Analysis of high
intensity activity in Premier League soccer. Int J Sports Med, 30(3), 205-212.

Di Salvo, V., Pigozzi, F., Gonzalez-Haro, C., Laughlin, M. S. and De Witt, J. K. (2013). Match
performance comparison in top English soccer leagues. Int J Sports Med, 34(6), 526-532.

Ekblom, B., Greenleaf, C. J., Greenleaf, J. E. and Hermansen, L. (1971). Temperature
regulation during continuous and intermittent exercise in man. Acta Physiol Scand, 81(1),
1-10.

Enoka, R. M., Baudry, S., Rudroff, T., Farina, D., Klass, M. and Duchateau, J. (2011).
Unravelling the neurophysiology of muscle fatigue. Journal of Electromyography and
Kinesiology. 21(2), p. 208-19.

Gaudino, P., Iaia, F. M., Strudwick, A. J., Hawkins, R. D., Alberti, G., Atkinson, G. and
Gregson, W. (2015). Factors influencing perception of effort (session rating of perceived
exertion) during elite soccer training. Int J Sports Physiol Perform, 10(7), 860-864.

Gore, C. J,, Aughey, R. 1., Bourdon, P. C., Garvican-Lewis, L. A., Soria, R., C. Claros J.,,
Sargent, C, Roach, G. D., Buchheit, M., Simpson, B. M., Hammond, K., Kley, M.,
Wachsmuth, N., Pepper, M., Edwards, A., Cuenca, D., Vidmar, T. Spielvogel, H. and

39



Schmidt, W. F. (2013). Methods of the international study on soccer at altitude 3600 m
(ISA3600). Br J Sports Med 47(1), i80-85.

Filter, A., Olivares-Jabalera, J., Dos'Santos, T., Madruga, M., Lozano, J., Molina, A,
Santalla, A., Requena, B. and Loturco, 1. (2023). High-intensity Actions in Elite Soccer:
Current Status and Future Perspectives. Int J Sports Med., (8), 535-544.

Gonzalez-Rodenas, J., Moreno-Pérez, V., Campo, R. L., Resta, R. and Coso, J. D. (2023).
Evolution of Tactics in Professional Soccer: An Analysis of Team Formations from 2012 to
2021 in the Spanish La Liga. J Hum Kinet, 15(87), 207-216.

Gregson, W., Drust, B., Atkinson, G. and Salvo, V. D. (2010). Match-to-match variability of
high-speed activities in premier league soccer. Int J Sports Med, 31(4), 237-242.

Habay, J.,, Van Cutsem, J., Verschueren, J., De Bock, S., Proost, M., De Wachter, J.,
Tassignon, B., Meeusen, R., and Roelands, B. (2021). Mental Fatigue and Sport-Specific
Psychomotor Performance: A Systematic Review. Sports Medicine, 51(7), 1527-1548.

Iaia, F. M., Rampinini, E. and Bangsbo, J. (2009). High-intensity training in football. Int J
Sports Physiol Perform, 4(3): 291-306.

Impellizzeri, F. M., Rampinini, E., Coutts, A. J,, Sassi, A. and Marcora, S. M. (2004). Use of
RPE-based training load in soccer. Med Sci Sports Exerc, 36(6), 1042-1047.

Ingebrigtsen, J., Bendiksen, M., Randers, M. B., Castagna, C. Krustrup, P. and
Holtermann, A. (2012). Yo-Yo IR2 testing of elite and sub-elite soccer players: performance,
heart rate response and correlations to other interval tests. 7 Sports Sci, 30(13), 1337-1345.

Ju, W., Hawkins, R., Doran, D., Gomez-Diaz, A., Martin-Garcia, A., Evans, M., Laws, A. and
Bradley, A. P. S. (2023). Tier-specific contextualised high-intensity running profiles in the
English Premier League: more on-ball movement at the top. Biol Sport, 40(2), 561-573.

Juel, C., Bangsbo, J., Graham, T. and Saltin, B. (1990). Lactate and potassium fluxes from
human skeletal muscle during and after intense, dynamic, knee extensor exercise. Acta
Physiol Scand, 140(2), 147-159.

Krustrup, P., Bradley, P. S., Christensen, J. F., Castagna, C., Jackman, S., Connolly, L.,
Randers, M. B., Mohr, M. and Bangsbo, J. (2015). The Yo-Yo IE2 Test: Physiological
Response for Untrained Men versus Trained Soccer Players. Med. Sci. Sports Exerc., 47(1),
100-108.

40



Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, 1., Steensberg, A., Pedersen,
P. K. and Bangsbo, J. (2003). The yo-yo intermittent recovery test: physiological response,
reliability, and validity. Med Sci Sports Exerc 35(4), 697-705.

Krustrup, P., Mohr, M., Ellingsgaard, H. and Bangsbo, J. (2005). Physical demands during
an elite female soccer game: importance of training status. Med. Sci. Sports Exerc., 37(7),
1242-1248.

Krustrup, P., Mohr, M., Nybo, L. Jensen, J. M., Nielsen, J. J. and Bangsbo, J. (2006b). The
Yo-Yo IR2 test: physiological response, reliability, and application to elite soccer. Med Sci
Sports Exerc, 38(9), 1666-1673.

Krustrup, P., Mohr, M., Steensberg, A., Bencke, 1., Kjaer, M. and Bangsbo, J. (2006a).
Muscle and blood metabolites during a soccer game: implications for sprint performance.
Med Sci Sports Exerc, 38(6), 1165-1174. DOI: 10.1249/01.mss.0000222845.89262.cd

Krustrup, P., Zebis, M., Jensen J. M., and Mohr, M. (2010). Game-induced fatigue patterns
in elite female soccer. J Strength Cond Res, 24(2), 437-441.

Laitano, 0., Runco, J. L. and Baker, L. (2014). Hydratation science and strategies in football.
Sports Science Exchange, 27(128), 1-7.

Leifsson E. N., Krustrup, P., Mohr, M. and Randers, M. B. (2024). Effect of peak intensity
periods on temporary fatigue and recovery kinetics in professional male football. 7 Sports
Sci. 12, 1-7.

Liverpool John Moore University. (n.d.). Professor Tom Reilly 1941-2009.
https://www.ljmu.ac.uk/about-us/bicentenary/our-people/professor-tom-reilly/professor-tom-
reilly-profile

Magal, M., Webster, M. J., Sistrunk, L. E., Whitehead, M. T., Evans, R. K. and Boyd, J. C.
(2003). Comparison of glycerol and water hydration regimens on tennis-related
performance. Med Sci Sports Exerc, 35(1), 150-156.

McGregor, S. 1., Nicholas, C., Lakomy, W. H. W and Williams, C. (1999). The influence of
intermittent high-intensity shuttle running and fluid ingestion on the performance of a
football skill. Journal of Sports Sciences 17(11), 895-903.

McSharry, P. E. (2007). Effect of altitude on physiological performance: a statistical
analysis using results of international football games. BMJ, 335(7633), 1278-1281.

41


https://www.ljmu.ac.uk/about-us/bicentenary/our-people/professor-tom-reilly/professor-tom-reilly-profile
https://www.ljmu.ac.uk/about-us/bicentenary/our-people/professor-tom-reilly/professor-tom-reilly-profile

Mohr, M. and Krustrup, P. (2012). Heat Stress Impairs Repeated Jump Ability after
Competitive Elite Soccer Games. J Strength Cond Res.

Mohr, M. and Krustrup, P. (2013). Heat stress impairs repeated jump ability after
competitive elite soccer games. J Strength Cond Res, 27(3), 683-689.

Mohr, M. and Krustrup, P. (2014). Yo-Yo intermittent recovery test performances within an
entire football league during a full season. J Sports Sci, 32(4), 315-327.

Mohr, M., Krustrup, P. and Bangsbo, J. (2003). Match performance of high-standard
soccer players with special reference to development of fatigue. J Sports Sci, 21(7), 519-
528.

Mohr, M., Krustrup, P. and Bangsbo, J. (2005). Fatigue in soccer: a brief review. J Sports
Sci, 23(6), 593-599.

Mohr, M., Krustrup, P., Nybo, L., Nielsen, J. J. and Bangsbo, J. (2004). Muscle temperature
and sprint performance during soccer matches beneficial effect of re-warm-up at half-
time. Scand J Med Sci Sports, 14(3), 156-162.

Mohr, M., Mujika, I., Santisteban, J., Randers, M. B., Bischoff, R., Solano, R., Hewitt, A,
Zubillaga, A., Peltola, E. and Krustrup, P. (2010). Examination of fatigue development in
elite soccer in a hot environment: a multi-experimental approach. Scand J Med Sci Sports,
20(3), 125-132.

Nielsen, J. 3., Mohr, M., Klarskov, C., Kristensen, M., Krustrup, P., Juel, C. and Bangsbo, J.
(2004). Effects of high-intensity intermittent training on potassium kinetics and
performance in human skeletal muscle. J Physiol, 554(3), 857-870.

Nyberg, M., Mortensen, S. P., Saltin, B., Hellsten, Y. and Bangsbo, J. (2010). Low blood flow
at onset of moderate-intensity exercise does not limit muscle oxygen uptake. Am J Physiol
Regul Integr Comp Physiol, 298(3), R843-848.

Nybo, L., Rasmussen, P. and Sawka, M. N. (2014). Performance in the heat-physiological
factors of importance for hyperthermia-induced fatigue. Compr Physiol, 4(2), 657-689.

Osgnach, C., Poser, S., Bernardini, R., Rinaldo, R. and di Prampero, P. E. (2010). Energy cost
and metabolic power in elite soccer: a new match analysis approach. Med Sci Sports Exerc,
42(1), 170-178.

42



Rampinini, E., Impellizzeri, F. M., Castagna, C., Abt, G., Chamari, K., Sassi, A. and Marcora,
S. M. (2007). Factors influencing physiological responses to small-sided soccer games. J
Sports Sci, 25(6), 659-666.

Rampinini, E., Impellizzeri, F. M., Castagna, C., Coutts, A. J. and Wisloff, U. (2009).
Technical performance during soccer matches of the Italian Serie A league: effect of
fatigue and competitive level. J Sci Med Sport, 12(1), 227-233.

Rebelo, A., Brito, J., Seabra, A., Oliveira, J. and Krustrup, P. (2014). Physical match
performance of youth football players in relation to physical capacity. Eur J Sport Sci, 14(1),
S148-156.

Redwood-Brown, A., Cranton, W. and Sunderland, C. (2012). Validation of a real-time
video analysis system for soccer. Int J Sports Med., 33(8), 635-40.

Reilly, T. (1997). Energetics of high-intensity exercise (soccer) with particular reference to
fatigue. J Sports Sci, 15(3), 257-263.

Reilly, T. and Thomas, V. (1979). Estimated daily energy expenditures of professional
association footballers. Ergonomics, 22(5), 541-548.

Rollo, I, Impellizzeri, F. M., Zago, M. and Iaia, F. M. (2014). Effects of 1 versus 2 games a
week on physical and subjective scores of subelite soccer players. Int J Sports Physiol
Perform, 9(3), 425-431.

Rollo, I. and Williams, C. (2023). Carbohydrate Nutrition and Skill Performance in Soccer.
Sports Med. 53(1), 7-14.

Russell, S., Jenkins D. G., Halson S. L., Juliff, L. E., and Kelly, V. G. (2022). How do elite female
team sport athletes experience mental fatigue? Comparison between international
competition, training and preparation camps. European Journal of Sport Science. 22(6), 877-
887.

Saltin, B. and Hermansen, L. (1966). Esophageal, rectal, and muscle temperature during
exercise. J Appl Physiol, 21(6), 1757-1762.

Smith, M. R, Thompson, C., Marcora, S. M., Skorski, S., Meyer, T. and Coutts, A. J. (2018).
Mental Fatigue and Soccer: Current Knowledge and Future Directions. Sports Medicine.

48(7), 1525-1532.

Smodlaka, V. N. (1978). Cardiovascular Aspects of Soccer. Phys Sportsmed, 6(7), 66-70.

43



Soderlund, K. and Hultman, E. (1991). ATP and phosphocreatine changes in single human
muscle fibers after intense electrical stimulation. Am J Physiol 261(6 Pt 1): E737-741.

Street, D., Nielsen J. J., Bangsbo, J. and Juel, C. (2005). Metabolic alkalosis reduces
exercise-induced acidosis and potassium accumulation in human skeletal muscle
interstitium. J Physiol, 566(2), 481-489.

Taylor, L. and Rollo, I. (2014). Impact of Altitude and Heat on Football Performance. Sports
Science Exchange 27(131), 1-9.

Ursino, M. and Magosso, E. (2004). Interaction among humoral and neurogenic
mechanisms in ventilation control during exercise. Ann Biomed Eng, 32(9), 1286-1299.

Venzke, J., Weber, H., Schlipsing, M., Salmen, J. and Platen, P. (2023). Metabolic power
and energy expenditure in the German Bundesliga. Front Physiol, 22(14), 1142324.

Williams, C. and Rollo, I. (2015). Carbohydrate Nutrition and Team Sport Performance.
Sports Med, 45(1), 13-22.

Wong del, P., Carling, C., Chaouachi, A., Dellal, A., Castagna, C., Chamari, K. and Behm, D.
G. (2011). Estimation of oxygen uptake from heart rate and ratings of perceived exertion in
young soccer players. J Strength Cond Res 25(7), 1983-1988.

44



