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Abstract

Recovery from high-intensity exercise in soccer is very important for players to be able to
cope with the physical demands of match-play. Evaluation of soccer players ability to perform
repeated high-intensity running should therefore be of particular importance to coaches. The

aim of this thesis was to develop and apply a high-intensity intermittent running protocol
where sub-maximal and maximal components of soccer-specific endurance could be assessed.

In Study 1 and Study 2, initial pilot work on the 15-50 protocol and then the 15-30 protocol,
two high-intensity intermittent running protocols, were examined for reliability and
physiological responses. It was reported that a large learning bias was present in both
protocols reflected by performance improvements between trials. These improvements were
supported by an improved running economy on the test. The physical load was higher in the
maximal stage compared to the sub-maximal stage in both protocols with both aerobic and
anacrobic energy production highly simulated as a result of a manipulation of the exercise and
rest periods from the sub-maximal stage. It was concluded that several familiarisation sessions
were needed on both protocols especially for recreational players to remove any learning bias.
The structure of the 15-50 protocol may restrict its application to soccer and may be more
suitable as an interval conditioning drill than as a test. The structure and the physiological

responses in the 15-30 protocol make it a more practical assessment of soccer-specific
endurance.

The relationship between the 15-30 protocol and physical performance during match-play,
soccer-specific field test performances and aerobic endurance measurements in young
professional soccer players was examined in Study 3. There was no relationship between any
of the soccer-specific field tests and indices of physical performance during match-play. A
significant correlation was reported between maximal oxygen consumption and distance
covered in the maximal stage of the 15-30 protocol. No relationship was found between other
standardised field tests used in soccer and the 15-30 protocol. It was concluded that physical

performance during match-play is highly variable which makes evaluation of the physical
capacity of soccer players very difficult. Maximal high-intensity exercise performance was

highly influenced by maximal aerobic power. It is plausible that higher acrobic endurance
would have facilitated a rapid recovery between high-intensity bouts in the maximal stage.

In Study 4 and Study 5, the sensitivity of the 15-30 protocol to pre-season and in-season
training periods was investigated. The in-season training period consisted of weekly
additional aerobic interval training. Expected improvements in performance were observed at
the end of the six-week pre-season training period in both the 15-30 protocol and the Yo-Yo
Intermittent recovery test in young professional soccer players. Small increases in maximal
oxygen consumption as well as a greater increase in 15-30 protocol performance were also
reported after the in-season training. It was concluded that significant physiological
adaptations can be obtained as a result of soccer-specific training periods during the season.

The physiological adaptations are more likely to be attributed to peripheral factors than
central factors.

A new unique high-intensity intermittent running protocol has been developed during these
studies. The physiological mechanisms which govern test performance seem to be different
from responses to other soccer-specific field tests. Evaluation of soccer-specific endurance
performance is complex since physical performance is influenced by numerous variables.
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Chapter 1 General Introduction

1.0 General Introduction

1.1 Background

Soccer (association football) consists of an activity pattern where periods of high-
intensity exercise are interspersed with periods of lower intensity exercise. This
intermittent activity profile leads to a high aerobic and anacrobic energy turnover
depending on the ratio of exercise and rest (Bangsbo, 1993a). There are periods during a
match where the exercise intensity is either above or below the lactate threshold (Hoff,
2005). In order to sustain work rate during match-play, it is very important for players to
be able to recover rapidly between high-intensity exercise bouts and thus delay the onset
of fatigue. Mohr et al. (2003a) reported that the amount of high-intensity running is
reduced towards the last 15 min of the match. This ability to perform repeated high-

intensity exercise may also be referred to as soccer-specific endurance.

Soccer is a dynamic activity where the high-intensity exercise bouts occur frequently but
randomly. However, the mean duration of a high-intensity bout during match-play bout 1s
2-4 s (Mayhew and Wenger, 1985; Bangsbo et al., 1991; Mohr et al., 2003a). The
definition of high-intensity exercise varies between different studies, which has to be
taken into consideration. For example, Bangsbo et al. (1991) defined high-intensity
exercise as speeds >15 km.h™. The rest period after a bout of high-intensity exercise is
variable, highly dependent on the players’ positional role, physical capacity and direction
of the ball. Due to this inherent unpredictability of soccer match-play, the challenge for
players is to be able to recover rapidly from one high-speed bout and perform another
bout with minimal rest (Bangsbo, 1993a). As a result, the players can perform more high-
intensity bouts with minimal rest during the course of the match. During high-intensity
intermittent exercise, there is an accumulation of various metabolites involved in
anaerobic glycolysis (Ballor and Volvosek, 1992; Balsom et al., 1992a; Bangsbo and
Saltin, 1993). The speed of recovery and removal of these metabolites will depend on
several factors including aerobic endurance capacity (Jansson et al., 1990; Hamilton et
al., 1991). 1t is clear that physical performance during soccer, characterised by high-

intensity intermittent exercise, is very complex and makes assessment very challenging.
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Despite the difficulties in assessing physical performance in soccer, assessment of soccer-
specific endurance is important. Data from performance tests can provide objective
information on selection criteria, evaluate the effectiveness of training programmes,
assess physical performance of new signings and monitor progress during injury
rehabilitation (Balsom, 1994). The mode of assessment can take place both in the field or

in the laboratory. Field testing may provide a more ecologically valid assessment whereas

laboratory tests offer better sophisticated feedback on the players’ physical status
(Svensson and Drust, 2005). Field tests which evaluate players’ physical capacity should
where possible reflect the activity pattern observed in match-play. There has been a
massive development in the design and implementation of field tests in soccer over the
last few decades. Until recently, acrobic endurance performance in elite players was
generally evaluated via field tests utilising a continuous activity pattern such as the 12-
min Cooper run (Cooper, 1968) and the 20-m shuttle run (Ramsbottom et al., 1988).
However, intermittent field tests are more ecologically valid and offer a more specific
assessment of endurance. The Yo-Yo tests (Bangsbo, 1993b), which have a progressive
intermittent activity profile, have been the most popular field tests to assess elite soccer
players in the last decade (Erith, 2004). Physical performance in high-intensity
intermittent exercise such as soccer is dictated by a large number of variables. The tests

described above may only evaluate some aspects of soccer-specific endurance. Although

the Yo-Yo tests have been very popular to use for the evaluation of soccer-specific

endurance, there should be further developments of other test protocols with a different
structure and activity pattern.

A new prototype for a high-intensity running protocol has been developed based on the
above rationale (Svensson and Drust, 2005). The prototype consists of intermittent high-

speed runs at a fixed running speed separated into different exercise blocks. The duration
of each high-speed run in the protocol is slightly longer than the average time (2 s) spent
in high-speed running in match-play (Bangsbo et al., 1991). It was decided that two
seconds exercise is too brief for a protocol so the duration of the high-speed runs was
longer. The distance of the high-speed runs would be manipulated so that they would
resemble a running speed equivalent to high-speed running in match-play. Every other
high-speed runs in the new protocol also include a turn at 180°. Furthermore, there is one

short and one long rest period in between the high-speed runs to resemble the
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unpredictable activity pattern in soccer. The new protocol has been adapted from the

typical activity pattern observed in match-play.

At the moment, no test protocol which assesses soccer-specific endurance has been

developed where sub-maximal and maximal performance can be evaluated from separate

components. Such a protocol would be very attractive for coaches as they would have the
option of assessing sub-maximal or maximal capabilities. In the new protocol, sub-

maximal performance can be evaluated at any time during the season even the day prior
to a match since the aim is to limit energy demanding maximal exercise. Maximal
performance can then be assessed in the second stage which is performed immediately

after the sub-maximal stage. Performance is evaluated through heart rate measurements
in Part 1 and distance covered in Part 2.

The aim of the new protocol is to be practical for coaches but in addition go through a
rigorous research design. This thesis is based on the development of a new protocol.
Initially, two protocols will be developed; the 15-50 protocol and the 15-30 protocol.
Extensive pilot work and reliability assessment will aid in refining one protocol that
would be suited for the application of assessment of soccer-specific endurance. This
protocol has to undergo a carefully controlled scientific procedure which would involve

thorough reliability and validity analysis as well as investigating the sensitivity to
experimental interventions.

1.2 Aims

This thesis had an overall global aim and this aim was achieved through the completion
of five studies. The overall aim of this thesis was to develop a high-intensity intermittent

running protocol that can be used in the assessment of soccer-specific endurance.

This overall aim was achieved through the completion of a series of five studies. The first

two studies of the thesis were performed to provide background and pilot work for the

development of a soccer-specific protocol. The aim of the first two studies was to:
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1) examine the reliability of two soccer-specific high-intensity intermittent running
protocols- the 15-50 protocol and the 15-30 protocol in both male and female

soccer players

The third study of the thesis explored the internal and external validity of the 15-30

protocol in professional youth soccer players. The aims of study 3 were to:

1) explore the relationship between the 15-30 protocol and standard measures of

aerobic fitness.

2) examine the relationship between the 15-30 protocol and field tests used to
assess soccer-specific endurance and estimated aerobic power.
3) investigate the relationship between the 15-30 protocol and physical

performance during competitive soccer match-play.

The fourth and fifth studies of the thesis examined test performance during the 15-30
protocol in response to seasonal training interventions in both professional senior and
youth soccer players. This section was split into two parts: pre-season and in-season

training interventions. The aim of study 4 was to:

1) examine the sensitivity of the 15-30 protocol to a period of pre-season training in
senior professional soccer players
2) examine the sensitivity of the 15-30 protocol and the Yo-Yo Intermittent

Recovery test to a period of pre-season training in young professional soccer

players.

The aims of study S were to:

1) examine the sensitivity of the 15-30 protocol to a period of aerobic interval
training in-season.
2) investigate the sensitivity of maximal oxygen consumption to a six-week in-

season acrobic interval training programme
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2.0 Review of the Literature

2.1 Introduction

This review aims to outline the physical demands of soccer by examining multiple

factors. Furthermore, high-intensity intermittent exercise models in the laboratory and in

the field will be reviewed to show the role of these models in informing the physiological
mechanisms that support activity during soccer match-play. Finally, the rationale for

physiological assessment of soccer players will be outlined, including a critical

evaluation of soccer-specific fitness tests.

2.2 Physical Demands during Soccer Match-Play

2.2.1 Work-Rate

Soccer is an intermittent sport with an acyclic activity pattern. The acyclic activity pattern
are characterised by high-intensity exercise periods (e.g. cruising and sprinting)
interspersed with lower intensity recovery periods (e.g. jogging and walking). In order to
determine the activity pattern and quantify work-rate indirectly through distance covered
measurements, it is necessary to film individual players during match-play. Modern
technology now allows distance covered to be determined accurately through either

complex computerised models (Figueroa et al., 2006) or by global positioning systems

(Kirkendall et al., 2003; Carling et al., 2005). An example where activity patterns have

been categorised from motion analysis is shown in Figure 2.1.

The total distance covered in a match for both male and female players ranges between 9-
14 km (Reilly and Thomas, 1976; Ekblom, 1986a; Gerisch et al., 1988; Ohasi et al.,
1988; Bangsbo et al., 1991; Bangsbo, 1994a; Riensi et al., 2000; Mohr et al., 2003a;
Thatcher and Batterham, 2004; Krustrup et al., 2005). Distance covered is also reduced
by 5-10% from the first to the second half as reported from the aforementioned studies.
Such a decrease in distance covered may indicate a reduced exercise intensity and work
rate in the second half compared to the first half. Midfield players cover a greater

distance than forwards and defenders (Reilly and Thomas, 1976; Ekblom, 1986a;
- Yamanaka et al., 1988; Bangsbo et al., 1991; Rienzi et al., 2000). The tactical role of the
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midfielder requires linking defence and attack leading to longer periods of sustained
running resulting in a greater distance covered (Bangsbo, 1992). Full-backs and attackers
also undertake longer sprints than centre-backs and midfielders (Withers ef al., 1982:
Barros et al.. 1999: Mohr et al., 2003a). The total distance covered can be influenced by

the team tactics, fitness levels, the opposition and environmental conditions. Each playing

position has therefore a unique characteristic where the physical role is very demanding.

1 Danish Premier League M ltalian Serie A

Walking Low intensity High intensity
running running

Match activities

Figure 2.2.1. Example of the activity profile during soccer match-play between two
calibre of professional players (data adapted from Bangsbo et al., 1991 and Mohr et al., 2003a with

the mean of Danish Premier League players combined from these two studies). Low-intensity running
encompassed jogging, low-speed running (12 km.h"') and backward running. High-intensity running

consisted of moderate-speed running (15 km.h™"), high-speed running (18 km.h™) and sprinting (25 km.h™).

The time spent in high-intensity running (high-speed running, sprinting) is very important
as success in these activities often determines the outcome of a match. Typical values for
high-intensity exercise in match-play range from 8% (van Gool et al., 1988; Bangsbo et
al., 1991) to 11% (Reilly and Thomas, 1976; Mayhew and Wenger, 1985) of the total
distance covered. The mean duration of high-intensity efforts is approximately 5-7 s
(Bangsbo et al., 1991) with the average duration of a sprint lasing 2-3 s or the equivalent
of 10-20 m (Reilly and Thomas, 1976; Mohr et al., 2003a). In Figure 2.2.1, the top-class
players (Italian Serie A) spent more time in high-intensity exercise compared to the
moderate-class players (Danish Premier League), which demonstrates the importance of

such activities. Time spent in high-intensity exercise periods can also discriminate
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between professional and amateur players (Yamanaka et al., 1988). The ability to
perform high-intensity exercise does seem to be highly variable in elite soccer depending

on the stage of the season (Krustrup et al., 2003). Mohr et al. (2002) reported that aerobic

power and exhaustive exercise performance was reduced towards the end of the season 1n
Danish top league players compared to the start of the season. Since distance covered and
especially the time spent in high-intensity exercise are sensitive to discriminate between

calibre of players and playing positions, these measures should be used concomitant to

evaluate individual work-rate profiles.

Another useful indicator of the physical load for players is provided by observing the
proportion of high-intensity exercise in relation to low-intensity exercise. This index 1s
expressed as the ratio of high:low intensity exercise. Mayhew and Wenger (1985)
reported a ratio of high:low exercise during a game as approximately 1:7. For example,
for every 4 s spent running in high intensities, 28 s may be spent in low-intensity
activities. Other authors have reported ratios of 1:11 (Reilly and Thomas (1976) and 1:9
(Tumilty et al., 1988). In these studies, high-intensity activities were classified as cruising
and sprinting where low-intensity activities included walking and jogging and such a bout
will typically last no longer than 20 s (Faina et al., 1988). Due to the limitations in some

of the methodologies used to classify specific match actions in these studies, the results

may be misrepresentative and restrict comparison between studies.

The high:low intensity exercise ratio will be lower (i.e. recovery between high-intensity
efforts is quicker leading to more bouts performed) for higher calibre players. The
duration and frequency of high intensity exercise periods in match-play seem to be
sensitive to training. Verheijen (2003) reported that there was an increase in the number
of high-intensity periods performed during match-play following 3 months of preparation
training for the 2002 World Cup in South Korean national team players. For an adequate
training adaptation to occur resulting in more high-intensity bouts performed, there needs
to be some form of overload stimuli in training. The only study where the number of
repeated sprints has been quantified from match-play was performed by Spencer et al.
(2005) in members of the Australian national field hockey team. They reported that 25%
of all recovery periods was less than 21 s. The mean number of sprints within a repeated

sprint bout was 4 £+ 1 s and the mean recovery time was 14.9 £ 5.5 s from the games
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analysed. These findings can be related to soccer as field hockey has a similar activity

pattern to soccer.

The activity pattern during a match is very unpredictable with players performing about
900-1000 changes in activity, for example jumping to head the ball, competing for

possession, tackling and changing direction. This accounts for a change in activity
approximately every 6 s (Reilly and Thomas, 1976; Yamanaka et al., 1988). Observations

from more recent studies have shown about 1500 changes in movement with a change of
activity every 4 s (Rienzi et al., 2000). It is difficult to evaluate the energy cost of such
utility movements and activities directly in match situations due to the methodological
issues associated with indirect estimations of work-rate discussed previously. Therefore,
attempts to quantify the energy cost of activities such as dribbling, sideways and
backwards running have been made in standardised conditions in the laboratory. Reilly
and Ball (1984) reported that dribbling a soccer ball on the treadmill at different running
speeds leads to an 8% higher energy cost compared to normal running at the same speeds.
Other unorthodox movements include backward and sideways running (Reilly and
Bowen, 1984). Even though a small proportion (~2%) of the total game time is spent in
possession of the ball, it is clear dribbling activities are more energy demanding than
running without the ball (Reilly, 2003). It is therefore important that players have a high

soccer-specific fitness levels that enable them to be ‘fresh’ for when possession of the
ball.

2.2.2 Factors Affecting Work-Rate

A player’s work-rate during a match may be affected by factors such as the style of play
and the environmental conditions. The style of play is directly influenced by the tactics
selected by the coach and indirectly by the playing characteristics of the club and/or
country (Reilly, 2000). For example, the characteristics of Latin and South American
tcams are the emphasis on possession and varied rhythmic changes in pace. In
comparison, the British and Norwegian style of play has been characterised by direct play
involving long passes, high pressure when retaining possession and pressuring opponents
into mistakes often employing a 4-4-2 or a 4-5-1 formation (Bangsbo and Peitersen,
2000). The direct style of play is very physically demanding, which often results in a
greater distance covered compared to the more rhythmic and possession style of play

seen In South America, as observed by Rienzi et al. (2000). These findings seem to

10
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support the view that there are differences in work-rate during match-play between

cultures.

Work-rate may also be restricted due to hot environmental conditions with a high
humidity and ambient temperature (Kirkendall, 1993). Such conditions will lead to
increases in core temperature, dehydration and an inability to dissipate heat through

sweat production (Reilly, 2000). Loss of water from the body leads in turn to a decrease

in plasma volume. As a result, physical performance during match-play may be affected

as an impaired muscle circulation is associated with more rapid muscle glycogen
depletion (Shephard, 1999). As reduced muscle glycogen has been associated with a
reduced distance covered (Saltin, 1973) and time spent in high-intensity exercise (Balsom
et al., 1999a), it is reasonable to suggest that playing soccer in hot conditions may lead to
reductions in work-rate. In order to combat the effects of a hot environmental conditions

on physical performance, adequate hydration strategies before, during and after a match
are essential (Rico-Sanz et al., 1996).

2.2.3 Summary

Soccer 1s a complex intermittent activity, which is made up of several utility movements.
Data from motion analysis can provide valuable information on distance covered and
therefore indirectly quantify work-rate during a match. The time spent in high-intensity
exercise during match-play can discriminate between different calibre of players and
playing positions. A more useful indicator of soccer-specific fitness is to report the
number of high-intensity exercise periods in match-play. However, in order to quantify

work-rate directly, physiological responses during match-play have to be monitored.

11
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2.3 Physiology of High-Intensity Intermittent Exercise (Soccer)

The physiology of soccer involving periods of high-intensity intermittent exercise 1s
complex. Both the aerobic and anaerobic energy systems are activated during this type of
exercise but the role of these energy systems in the exercise and recovery periods is not
clear due to the complex and dynamic acyclic activity pattern of soccer. The lack of
clarity in understanding the physiology of soccer may be due to the limited physiological
information that can be obtained directly from match-play. Therefore, the aim of this

section is to discuss different evaluation techniques (field- and laboratory-based) that are

used to examine the physiological responses during soccer and high-intensity intermittent
eXCrcise.

2.3.1 Field Methods

As discussed in section 2.2, distance covered is an indirect measure of work-rate during
match-play and provides no direct information on the physical demand of the activity.
Therefore, coaches and practitioners have to use physiological measurements during the
game to be able to quantify work rate directly. However, players are limited to what
measurement devices they can wear during the game. Any device worn must be of
minimal discomfort and interference to the players when performing complex movements
such as tackling, heading and dribbling during the game. Measurements that can be
performed continuously during the game are often limited to heart rate via short-range
telemetry. Additional measurements can be performed intermittently during half-time or

whenever there is a break in play (e.g. blood sampling and temperature measurements).

Moreover, measurements are often restricted to lower calibre players (i.e. semi-
professional, amateur and recreational). Monitoring of physiological responses of
professional players during competitive matches is difficult as coaches are reluctant to
allow any measurements to be performed. Some of the most common techniques used to

evaluate the physical demand directly during soccer match-play will be discussed below.

12
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2.3.1.1 Heart Rate

The use of heart rate measurements via short-range telemetry is one of the most simplistic
methods to measure work-rate directly during a game. Modern short-range telemetry
equipment is small and light, where the player wears a transmitter belt strapped around
their chest. Wearing the belt causes minimal discomfort and has no interference when
running and performing game-related activities. Information on heart rate data during
match-play has often been limited to studies using low standard players or elite players
during friendly rather than competitive matches. Heart rate values for male players during
match-play typically range between 77-85% of HR..x (Rohde and Espersen, 1988; Van
Gool et al., 1988; Krustrup et al., 2003; Mohr et al., 2004). Average heart rates in elite

female players of 89-91% and 87% of HRpeax have been reported in Swedish (Brewer and
Davies, 1994) and Danish (Krustrup et al., 2005) players, respectively.

These results show that soccer is a predominantly aerobic sport where the exercise
intensity is either above (accumulation of lactate) or below (removal of lactate) the
lactate threshold (Hoff, 2005). The relative exercise intensity seems to be similar in
professional and non-professional soccer but the absolute intensity is greater In
professional soccer (Ekblom, 1986a). In the aforementioned studies, there was a trend for
heart rate to be slightly lower in the second half compared to first half. Such observations
may indicate a reduced work-rate in the second half compared to the first half,
concomitant with earlier discussions on distance covered. It seems that training induced
Improvements in physical performance can be detected by monitoring heart rate during
match play. Helgerud et al. (2001) reported that time spent in high-intensity zone

(defined as >90% of HRpex) was 19 min longer following 8 weeks of high-intensity
training compared to pre-training.

2.3.1.2 Oxygen Uptake

Oxygen uptake in the field has been traditionally measured by using portable Douglas gas

bags (~2-3 kg) or more recently by lightweight (~500 g) telemetric devices (i.e. Cosmed
K2 and Cortex Metamax 3B). It is obvious that measuring oxygen uptake during match-

play using these devices is not practical. In addition to the device’s size and weight, the
player has to wear a facemask which makes involvement in tackles, headers and other

game activities more difiicult. A limited number of studies have been conducted where

oxygen uptake has been directly measured during match-play. Ogushi et al. (1993)

13
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reported that the average oxygen uptake ( VO,) measured with Douglas bags in 3-minute
periods 1n two players during match-play ranged between 47-61% of maximal oxygen

uptake (VOzmax). Distance covered for the two players wearing the Douglas bag was 11%

shorter compared to those who did not wear the device. The low oxygen uptake values

may indicate that VO, was underestimated and the reduced distance covered that physical
performance was inhibited during the game (Stolen et al., 2005). Such limitations may
restrict the use of portable gas analysers to non-contact game simulations and other

soccer-specific situations- for example fitness tests (Kemi et al., 2003) and dribbling
tracks (Kawakamt et al., 1992).

An alternative method to estimate the aerobic energy demand during match-play is to

estimate oxygen uptake from heart rate measurements. This assumption is based on the

linear relationship between heart rate and VO, obtained from sub-maximal steady-state

treadmill running in the laboratory (Bangsbo, 1994b). The energy expenditure during

match-play has been estimated to be approximately 75% of VO,max using this method

(Ekblom, 1986;3.). It is important to consider that this relationship is only an estimation of

VO, which has been attained in standardised laboratory conditions. Several factors will
also affect heart rate during a match leading to disassociations in the heart rate-oxygen
uptake relationship including the discontinuous activity pattern in soccer, ambient
temperature, environmental conditions and level of psychological arousal (Herd, 1991)
from players (Ogushi et al., 1993). Moreover, heart rate can also be elevated above the
heart rate-oxygen uptake relationship during static isometric contractions and exercise

with small muscle groups (Astrand ez al., 2003). It is difficult to consider how much

influence the latter two factors will have on the heart rate- VO, curve in soccer. Oxygen
uptake also remains elevated during recovery from a maximal sprint to restore

metabolities ready for the next sprint (Bangsbo and Hellsten, 1998). As a result, heart rate

may increase disproportionally to VO, following a maximal sprint (Bangsbo, 1993a). In
summary, heart rate measures during a match are practical to use and provide some basic

information on the physical demand and work rate of individual players during match
play.

14
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2.3.1.3 Blood Lactate

Where heart rate measurements may be used as a broad indicator of aerobic energy
production, blood lactate measures provide some information of the anaerobic energy
production during match-play. Lactate concentration can be determined either from

instant analysis of a blood sample using a portable device such as the Lactate Pro (Pyne

et al., 2000; McNaughton et al., 2002; van Someren et al, 2005) or where the blood 1s
stored in ice-cold water for analysis in the laboratory. Blood sampling is limited to
periods where there is a stop in play or at set pre-determined intervals during the game

(pre-game, half-time, post- game). Typical values reported in match-play range from 4-7

mmol.I" (Ekblom, 1986a; Gerisch et al., 1988; Smith et al., 1993; Bangsbo, 1994a).
Lactate concentration also seems to be lower at the end of the match compared to the end
of the first half (Rohde and Espersen, 1988; Gerisch et al., 1988; Bangsbo et al., 1991;
Bangsbo, 1994a). These results mirror the observations for distance covered and heart
rate where work-rate is reduced in the second half as described elsewhere. Higher blood
lactate concentrations have also been reported during man-to-man marking compared to

zonal marking indicating that lactate measurements may be sensitive to gross tactical
dispositions (Gerisch et al., 1988).

It 1s important to consider that blood lactate concentration will only reflect the activity

immediately preceding the measurement (Bangsbo et al., 1991). There are situations

where lactate concentration will be high (e.g. after a sprint or high-intensity activity) or
low (e.g. during recovery periods of jogging and/or walking). Consequently, there can be
large variations when several lactate measurements have been taken during the same

match (Ekblom, 1986). From the evidence of these results, a single blood lactate

measurement cannot be representative of lactate production for the entire match
(Bangsbo, 1994b).

The lactate concentration measured from the blood will underestimate the lactate

produced in the muscles. Jacobs and Kaijser (1982) and Tesch et al. (1982) reported that
lactate concentrations were twice as high in the muscle compared to the blood during
incremental cycle ergometer exercise. When analysing any lactate data from match-play
the factors discussed above must be taken into consideration. In summary, blood lactate

measurements may provide a rough quantification of the anaerobic lactic energy

15
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production during soccer if the activity immediately preceding the blood sample is taken

into consideration.

2.3.1.4 Blood Metabolites

Aside from blood lactate several other key metabolites can be determined from a blood
sample. An indication of the energy provision during match-play as well as information
on the level of physical stress during a match can be obtained. Blood glucose increases
during the initial parts of a match and remains elevated above resting levels (Ekblom,
1986a; Bangsbo, 1993a). There is an increase in the blood free-fatty acid (FFA)
concentration in the second half of matches. This increase in FFA mobilisation may be a
result of more low-intensity exercise and rest periods as well as an hormonal increase
(Krusrup et al., 2006a). Hormanal responses to soccer matches have been reported by
several authors. Carli et al. (1986) reported increases in the hormones prolactin and
cortisol after the first half in Italian semi-professional players following a friendly match.
Malm et al. (2004) also reported changes in hormones such as testosterone and cortisol in
elite Swedish youth players after a competitive match. These results indicate that there 1s

a high level of physical and psychological stress following a soccer match leading to an

increase in the activity of these hormones. High levels of blood ammonia have also been
reported in match-play which is evidence that the muscles produce ammonia (Bangsbo,
1994b). The same author also found elevated levels of hypoxanthine during a match.
High hypoxanthine levels confirm that adenine nucleotides such as the adenosine
monophosphate (AMP) and inosine monophosphate (IMP) reactions to produce

adenonise triphosphate (ATP) are activated for energy production during a soccer match.

2.3.1.5 Temperature

Temperature measurements during soccer match-play can provide information about the
thermoregulatory responses and energy expenditure during a game (Reilly, 1997).
Measurement techniques for the assessment of core body temperature include
ocsophageal probe, rectal probe or swallowing an intestinal pill. Measurement periods
during a game using the former two techniques will be restricted due to the invasive
procedure of these techniques. Average rectal temperatures of about 39°C at half-time
and at the end of matches have been reported in recreational players using rectal probe
measurements (Andersson et al., 1983; Ekblom, 1986a; Mohr et al., 2004). The intestinal

pill is a non-invasive technique which enables core temperature to be recorded
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continuously throughout the game. In the only study where this technique has been used,
there was a progressive increase in core temperature during match-play in male university
players (Edwards and Clark, 2006). Core temperature was also measured in a cohort of
English professional players in the same study but measurements were restricted to

before the game, at half-time and after the game. The results showed a similar trend

found compared to the university players with the highest core temperature recorded after
the match.

In soccer players, muscle temperature 1s most commonly measured from the vastus

lateralis muscle with a needle thermistor. In comparison to core temperature, assessment
of muscle temperature is more practical where a player only have to be taken out of the
game only for a short period (~1 min). Mohr et al. (2004) reported that the muscle
temperature was 39.5°C and 39.2°C at the end of the first and second half respectively 1n

Danish Fourth Division players. Muscle temperature also decreased by 1.7°C at the end

of the first half and after 15 min of half-time. A similar drop (0.9°C) in muscle
temperature at half-time has also been reported in elite assistant referees (Krustrup et al.,

2002). In addition, Mohr et al. (2004) demonstrated that muscle temperature could be

better maintained at half-time and sprint performance was improved at the start of the
second half following a re-warm-up at half-time.

Core and muscle temperature measurements in soccer reveal that the energy expenditure
and physical demand are high throughout the game. Moreover, by measuring core and
muscle temperature at half-time, marked decreases of both of these parameters have been

reported following the half-time interval. The authors recommended that coaches should

therefore consider introducing a further warm-up strategy at half-time to prevent any
deterioration of physical performance at the start of the second half,

2.3.1.6 Muscle Biopsies

Muscle biopsies provide more detailed and specific information on the metabolic events

that occur at muscle level during a soccer match. The obvious limitation with this
procedure is the discomfort to the players and the muscle damage caused by the

procedure which may restrict running. Therefore, it is very difficult to obtain muscle

-biopsy samples from professional soccer players during competitive matches or practice

games, as coaches are reluctant to allow such invasive measurements to be performed.
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Only a limited number of studies have been conducted where muscle biopsies have been

taken in real soccer match-play.

In a classic study by Saltin (1973), muscle biopsies were taken from the vastus lateralis
muscle in Swedish players (calibre of players not known) before and after a simulated
friendly match to determine muscle glycogen concentration. One group consumed a
normal diet 24 hours prior to the match and the other group performed exhaustive
exercise followed by a low carbohydrate diet the day before the match. The players with
the reduced carbohydrate intake covered 25% less distance, performed fewer sprints and
had almost no glycogen left in their thigh muscles after the match. Krustrup et al. (2003)
also reported that muscle glycogen decreased by 46% from rest compared to after a
friendly match in Danish fourth division players. Muscle lactate levels were 4-fold higher
when biopsies where taken after an intense exercise period compared to resting values.
Recently, Krustrup et al. (2006a) also found significant decreases in muscle glycogen,
lactate, PCr at the end of a friendly soccer match in Danish fourth division players. The

major disadvantage with these studies is that the calibre of players are of a low standard

and the matches were friendlies rather than competitive.

Muscle biopsies were obtained from professional soccer players in-season by Jacobs et
al. (1982) of a Swedish Premier League team- Malmo FF. Samples were taken from the
vastus lateralis muscle immediately after a competitive league match and on the next two
consecutive days to determine muscle glycogen concentration. Muscle glycogen levels
immediately after the match were only 63% of the ‘filled’ values obtained two days after
the match. No biopsies were taken the day before the match. The results from the
aforementioned studies have shown that muscle biopsies can provide valuable
information on the muscle metabolite changes and energy production during soccer
match-play. Such data could also be used to educate coaches and players about the

complex physiological demands of soccer and the importance of correct nutrition.

2.3.1.7. Summary

The physiological measurements that could be performed during soccer matches are

limited due to restricted access to players and the impracticality of some measurement
techniques. Although physiological data from match-play provide gross assumptions of

the acrobic and anaerobic energy demand during a match, it is likely to be masked by the
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physiological mechanisms that regulate this type of work. The quality of data collected
may also be influenced by environmental conditions, nature of the game and the coach’s
permission to perform invasive measurements. The limitations associated with field
based physiological measurements during match-play have lead to a rich number of

studies investigating the physiological responses to high-intensity intermittent exercise in

the laboratory.

2.4 Laboratory-Based Simulations

The problems associated with quantifying the physical demands of soccer in-game have

been illustrated in section 2.3. Sport scientists can use intermittent exercise models in the
laboratory that mimic the activity profile of soccer. Assessment in a laboratory presents
an environment where the exercise intensity can be controlled, environmental conditions

are standardised and more physiological measurements can be taken compared to match-
play.

2.4.1 Shuttle Tests

Laboratory shuttle tests are a useful non-contact simulation of soccer match-play. One of

the most popular simulations is the Loughborough Intermittent Shuttle Test (LIST)
developed by Nicholas et al. (2000). The test consists of two parts- Part A and Part B.

The activity pattern of the test involves intermittent shuttle running between two lines 20-

m apart at various pre-determined speeds. The speeds are related to the individuals’

VO2umax Values from a 20-m shuttle run (Ramsbottom et al., 1988). In Part A, one exercise
block consists of periods of walking, sprinting, standing and running at speeds
corresponding to 55% and 95% of individual VOpmax. In total, 5 exercise blocks are
performed in Part A interspersed with recovery periods of 3 min between blocks. Part B

consists of repeated intermittent shuttle running at speeds corresponding to 55% and 95%

of VOimax alternating every 20 m. The total duration of the test (Part A + Part B) is about
90 minutes.

The LIST has shown to have acceptable reproducibility (Nicholas et al., 2000) and is

sensitive to experimental interventions (Nicholas et al., 1995; Gleeson et al., 1998;

Bishop et al., 1999; McGregor et al., 1999; Sunderland and Nevill, 2005) and training
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(Siegler et al., 2003). Performance on the LIST also seems to be affected by

environmental conditions as total distance covered was reduced by 21% (Morris et al.,
1998) in males and 25% (Morris et al., 2000) in females when performing in a hot (30°C)

and normal (16°C and 20°C) environmental conditions respectively. During Part A of the

LIST the mean heart rate was 167 beats.min™, VO, was 2.67 L.min™ (70% of VO2max) and
average blood lactate concentration during the test was 5.7 mmol.I"" (Nicholas et al.,
2000). 1t is clear from these results that the LIST is a predominantly aerobic test with

situations where the anaerobic contribution is high. These values correspond closely with

those reported during soccer match-play. One major limitation with the LIST is that only

one player can perform the test at any one time.

A modified LIST protocol was developed by Edwards et al. (2003) where the number of

blocks was reduced from 5 to 3 and the running speeds was averaged and not
individualised. The authors found significant differences in test performance between
professional and recreational players. An average running speed used by Edwards et al.
(2003) instead of an individualised running speed used in the LIST may be more
advantageous and practical if several players are to be tested at the same time. Other
soccer-specific laboratory shuttle tests include the JRS fatigue test (Rico-Sanz et al.,
1999) and the ‘field test’ (Cox et al., 2002). Neither of these tests has been examined for

reliability so it is difficult to evaluate their effectiveness for regular use.

Shuttle tests in general and the LIST in particular are excellent to use for fitness training
purposes or to examine the effect of experimental interventions as they closely resemble
the activity pattern in soccer. However, such tests do not assess soccer-specific fitness

per se nor can it be used to predict physical performance during a match.

2.4.2 Soccer-Specific Treadmill Simulations

The activity pattern of soccer can be accurately reproduced using both motorised and
non-motorised treadmills. The problems associated with motorised treadmill are the loss
of the rapid acceleration and deceleration phases that is typical for soccer match-play.
Therefore the non-motorised treadmill offers a more valid and realistic milieu to perform
match-specific activitics where the running speed is dictated by the subject. Drust et al.
(2000) created a non-motorised treadmill protocol using five general categories - standing

(0 km.h™") walking (6 km.h™), jogging (12 km.h™), cruising (15 km.h'") and sprinting (21
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km.h"). The pattern and duration of these activities were based on the activity pattern
observed during soccer match-play (i.e. a sprint followed by low-intensity running or
walking). The activities were then sequenced to resemble the intermittent acyclic nature
of soccer (e.g. a high-intensity activity followed by a low-intensity activity) with a total
duration of 23 min. The protocol was completed twice to resemble one half (46 min).
Mean heart rate during the protocol was 168 + 10 beats.min” and the oxygen
consumption 2.8 £ 0.3 l.min". Similar findings have been reported by Thatcher and

Batterham (2004) who designed a similar soccer-specific simulation on a non-motorised

treadmill. Physiological responses during the protocol included heart rate equating to

83% of HRpe, VO corresponding to 70 + 3% of VOamax and a blood lactate

concentration of 5.4 £ 1.2 mmol.lI! and 4.7 £ 1.3 mmol.lI"* in the first and second half

respectively. The physiological responses during these treadmill simulations closely

resembled that observed during soccer match-play.

Bangsbo and Lindqvist (1992) developed an interval test on a motorised treadmill where
the activity pattern was independent of match observations. The interval test consisted of
two parts-Part A and Part B. In Part A, the treadmill speed alternated between 8 different
speeds from 0-25 km.h™'. The duration of the test was 35 min after which Part B began
where the running speed alternated between 8 km.h™* for 10 s and 15 km.h™! for 15 s until

exhaustion. The VO, corresponded to 56% of VO;max during Part A and 80% of VO2max
during Part B respectively. There was a non-significant correlation (0.70) between
distance covered in the interval test and the high-intensity distance observed in match-

play. Even though the protocol does not exactly resemble the activity pattern during a

match, the 8 running speeds encompass the locomotor activities typically observed in
sOccer.

As with laboratory shuttle tests, treadmill simulations can be used to implement various
experimental interventions and examine the physiological responses during intermittent
exercise. However, there is a limit to what match activities that can be incorporated on a
treadmill simulation with omission of activities such as dribbling, backwards and
sideways running which may underestimate the total energy cost of real match-play.
There is also no direct indicator of performance or soccer-specific fitness unless repeated

trials are performed. The data collection process is also very time-consuming as usually
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only person can be tested at any one time. Treadmill simulations only offer limited
information on the physiological responses during high-intensity intermittent exercise.

More specific models that resemble high-intensity exercise activity have to be used to
achieve this objective.

2.4.3 One-Legged Models

The advantage of using one-legged models is that these models may provide a more
accurate indication of the energy provision during high-intensity exercise. During whole-
body exercise, the total energy turnover may be underestimated due to the lag-time in the
release of blood metabolites from muscle (Bangsbo, 1996). As a result, the energy

contribution of the active muscle may be misrepresented. During one-legged exercise, the

exercise can be confined to the quadriceps muscle (Andersen et al., 1985). This allows
measurement of blood flow to the exercising muscle and venous blood that is drained
from the muscle can also be collected (Bangsbo, 1996). Examples of one-legged exercise
models include the knee-extensor exercise (Andersen et al., 1985), one-legged cycle

ergometer (Saltin et al., 1976) and the isometric chair (Sahlin and Ren, 1989).

The isometric chair has been the traditional method to use when studying isolated

exercising muscle. This procedure involves the subjects seated in an isometric chair and

performing repeated contractions starting from 90° to 180°. Isometric contractions

provide information on the quadriceps muscle’s maximal voluntary contraction (MVC),
force-velocity properties (Thorstensson et al., 1976), mechanical efficiency (Edwards et
al., 1975), fibre recruitment (Essén and Higgmark, 1975), recovery mechanisms (Sahlin
and Ren, 1989) and the physiology of fatigue (Edwards et al., 1972). Synonymous with

these studies was that the rate of force development was lower for each bout with
repeated contractions.

More recently, the one-legged knee-extensor exercise model was developed as an
alternative method to the isometric chair (Andersen et al., 1985). The subjects either sit in
a supine or seated position where a rod is attached to the foot. Exercise is performed by
executing a knee extension movement moving the knee from a 90° to a 170° angle pulling
against a resistance from the cycle ergometer. The advantage of using this model is that

the resistance can be manipulated accordingly and the model can also be adjusted to

perform isometric exercise. The knee-extensor model has been used in several studies
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where the subjects have performed repeated intense exercise to investigate the energy

demands of this type of exercise. Bangsbo et al. (1992a and b) reported that time to

exhaustion was reduced when a second exhaustive exercise bout was performed either a
short (2.5 min) or long (1 h) time after high-intensity intermittent exercise. Other studies
have demonstrated that anaerobic energy production is reduced when intense exercise is
repeated leading to an increase in the mechanical efficiency (Bangsbo et al., 1990;
Krustrup et al., 2001). Repeated knee-extensor exercise also increases the levels of

hypoxanthine in blood (Bangsbo et al., 1992a). The knee-extensor model also seems to

be sensitive to investigate the physiological and metabolic effects of high-intensity

intermittent training (Nordsberg et al., 2003; Krustrup et al., 2004).

The isometric chair and knee-extensor models are excellent for confining the exercise to
an isolated muscle and to investigate the physiology of repeated intense exercise. Some

of the findings may be applied to soccer especially understanding the physical demands

of the exercise and causes of muscle fatigue. However, the model is limited to use in the
laboratory and the exercise mode itself has little resemblance to soccer. To increase the

application to soccer, laboratory models should incorporate a more specific exercise
mode.

2.4.4 Intermittent Exercise Protocols

As stated elsewhere in this section, the ability to perform and recover from high-intensity
exercise in soccer is related to the quality of play (Bangsbo, 1992). Therefore, it seems
logical to investigate the physiological mechanisms that govern soccer-specific
endurance 1.e. the ability to recover from high-intensity exercise. This component can be
examined in laboratory or field settings from either prolonged high-intensity intermittent

exercise protocols or repeated sprint protocols. It is important to distinguish between

these two protocols as in prolonged intermittent protocols, typically, the exercise bouts

are >10 s, long recovery periods (>30 s), an exercise intensity below VOzmax and a total

duration of >30 min. In repeated sprint protocols, the duration of each exercise bout is

normally <10 s, an exercise intensity at or above VO2max (i.€. supramaximal) and a total
duration <10 min. The intermittent activity pattern in both of these types of protocols is
the closest resemblance to multiple sprint sports such as soccer that can be reproduced

either in the laboratory or in the field, especially at a high intensity. However, only
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recently has there been a lot of attention to develop such protocols which are discussed in

the next sections.

2.4.4.1 Prolonged Intermittent Exercise Protocols

Prolonged high-intensity intermittent exercise may provide some resemblance to soccer.
Christmass et al. (1999 and 2001) reported that an exercise protocol consisting of 24-s
exercise periods and 36-s rest periods (24:36) produced significantly difterent
physiological responses than a protocol with 6-s exercise periods and 9-s rest periods
(6:9). Carbohydrate oxidation was higher and fat oxidation was lower in the 24:36

exercise protocol compared to the 6:9 protocol. The exercise intensity corresponded to 68

+ 2.7% and 73.8 + 2.8% of VOm in the 24:36 and 6:9 protocols respectively
(Christmass et al., 1999; 2001). However, Price and Halabi (2005) showed that the 6:9
protocol elicited a lower lactate and carbohydrate utilisation compared to a medium
(12:18) and long (24:36) exercise protocol. Each protocol was 40 min in duration and the

exercise intensity corresponded to 120% of VO2pax.

Drust et al. (2005) used an exercise protocol consisting of 15-s exercise periods and 15-s

rest periods on the cycle ergometer at an intensity corresponding to 60% of VO3 max
lasting 40 min. Glycogen concentration from the vastus lateralis muscle decreased by
28% at the end of the intermittent exercise protocol compared to resting values. Bangsbo

et al. (1992b) also reported that the time to fatigue on an intermittent treadmill test

consisting of 15-s exercise bouts with 10-s intervals was greater following a high
carbohydrate diet compared to a low carbohydrate diet. Similar findings were reported by
Balsom et al. (1999a) during a prolonged high-intensity intermittent exercise protocol on
a cycle ergometer. It is very important to consider the exercise:rest ratio as well as the

exercise intensity for the protocols. The pattern of fuel use is also different where there is

an increased fat oxidation in the longer exercise protocols.

Long-term intermittent exercise protocols can produce good information on the

physiological and metabolic responses to the activity. However, such protocols do not

provide any information on the ability to recover from repeated short high-intensity

exercise bouts per se. Such information would be more relevant to soccer where the high-

intensity bouts during match-play rarely exceeds 10 s. Another limitation is that the

Review of the Literature
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intermittent protocols and exercise intensities will vary between studies making

comparisons difficult.

2.4.4.2 Repeated Sprint Protocols

There has been a lot of interest in the development of protocols that investigate the
physiological responses and performance aspects of repeated sprint exercise (Dawson et
al., 1993; Balsom et al., 1994a and b; Aziz et al., 2000; Bishop and Spencer, 2004). One
of the most frequently used protocols in the literature consists of ten 6-s supramaximal
sprints interspersed with 30-s passive recovery periods (6:30 protocol). The relevance of
using 6-s maximal sprints to investigate the physiological demands of soccer may be
questioned as sprints in match-play normally last no longer than 4 s as discussed in
section 2.1. However, at present these repeated sprint protocols are the most relevant ones
used in the literature to describe the physiology of repeated sprints or high-intensity

intermittent exercise. All of the studies described below have utilised this protocol on a

cycle ergometer unless stated.

Gaitanos et al. (1993) reported that 49.6% of the total energy production was derived
from phosphocreatine (PCr) and 44.1% was derived from glycolysis taken from the
vastus lateralis muscle after the first sprint of ten using the 6:30 protocol. After sprint 5,

blood lactate concentration had increased from 0.6 + 0.1 mmol.l"! at rest to 9.2 £ 1.5

mmol.I"'. After sprint 10, the PCr contribution to energy production was 80.1% and

glycolysis 16.1%. These results shows that 30 s is sufficient to restore muscle PCr

concentration as PCr was the largest energy contributor in sprint 10. The 6:30 protocol
was also used by Balsom and colleagues in three key studies that examined the
physiological mechanisms involved in repeated sprint work. Balsom er al. (1994b)
reported significant decrements in performance (lower power output, reduced oxygen
consumption and increased blood lactate concentration) in a hypoxic condition compared
to normoxia. Balsom et al. (1993) also showed that creatine supplementation improved
performance using the same repeated sprint model compared to a control condition. The
creatine supplementation resulted in a higher pedal rate, lower blood lactate and
hypoxanthine concentrations compared to the control condition. The former study shows
the importance of oxygen availability from aerobic glycolysis during exercise and
recovery periods. The latter study shows how creatine supplementation can improve

creatine resynthesis and availability during high-intensity intermittent exercise.
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Finally, Balsom et al. (1999a) investigated the effects of muscle glycogen availability on

performance during fifteen 6-s exercise bouts with 30-s recovery periods until exhaustion
following a high and low carbohydrate diet. Power output for the final four bouts was

lower in the low carbohydrate condition compared to the high carbohydrate condition.
The repeated sprint protocol described above has also been used on a non-motorised
treadmill (Gaitanos et al., 1991; Hamilton et al., 1991). This information can be related to
a soccer context to understand what events occur in the recovery periods during both
training and match. Despite all of the useful information that can be obtained from

repeated sprint models in the laboratory, protocols in the field provide a more soccer-

specific milieu.

Repeated sprint protocols in the field often consist of over-ground sprints performed on a

running track. Balsom et al. (1992a) reported that performance during fifteen repeated

sprints of 15, 30 or 40 m with a 30-s rest period between sprints was significantly
influenced by sprint distance. Blood lactate (meantSEM) was higher after the last sprint

in the 30-m (13.9 + 1.9 mmol.I'") and 40-m (16.8 £ 1.1 mmol.I"") sprints compared to the
15-m sprint (6.8 + 1.5 mmol.I'""). There was also a reduction in the adenine nucleotide
pool after the third 40-m sprint resulting in a reduced ATP resynthesis. The same
research group also investigated the effect of different recovery durations (120-s, 60-s
and 30-s) on performance during repeated overground (15 x 40 m) sprints (Balsom et al.,
1992b). A significantly higher blood lactate concentration was found after the 30-s (17.2
+ 7 mmol.I'") recovery period compared to the 60-s (13.9 £ 1.2 mmol.I'") or 120-s

recovery periods (12.1 + 1.3 mmol.I'"). Oxygen uptake during the recovery periods was

equivalent to 52% (120-s), 57% (60-s) and 66% (30-s) of VOsmax. The shorter recovery

period produced a greater physiological stress and an increase in sprinting speed.

These studies demonstrate that sprint distance and the duration of the recovery period
will significantly influence the physiological responses and the ability to sustain
performance during repeated overground sprints. The concept of understanding the

consequences to performance of the length of sprint and recovery periods may be applied

to soccer either for programming overload stimulus for training or relating the findings to
match-play.
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2.4.5 Synopsis of the Physiology of High-Intensity Intermittent Exercise

The previous sections have attempted to present some of the methods used to investigate
the physiological responses of soccer-specific high-intensity intermittent exercise.
Clearly, this type of activity is very complex. There is no strict definition of the relative

contribution of each energy system depending on the intensity of the exercise etc.

Therefore, the physiological characteristics of this type of exercise are unique where the
anaerobic and aerobic energy contributions are juxtaposed. The complexity of high-
intensity intermittent exercise is further enlightened in comparison to continuous sports
such as endurance running or cycling where the physiological demands are clearer. To
have a good understanding of the energy demands of high-intensity intermittent exercise,

it is useful to compare the physiology of single vs repeated sprints.

During a single maximal sprint, the majority of the energy is provided via anaerobic
sources such as ATP, PCr and anaerobic glycolysis (Gaitanos et al., 1993; Bogdanis et
al., 1998). During a short duration sprint (3-6 s) the contribution from the aerobic energy
system is about 3-5% (Péronnet and Thibault, 1989; Locatelli and Arsac, 1995). It is clear
that the aerobic energy system is activated even before the depletion of PCr stores during
a single maximal sprint (Serresse et al., 1988). The contribution of the aerobic energy
system will increase as the duration of the sprint is longer (Spencer and Gastin, 2001).
Futhermore, Gastin (2001) estimated the relative anaerobic and aerobic energy
contribution based on the results from several studies on high-intensity intermittent
exercise. For an exhaustive exercise bout lasting 0-10 s the anaerobic and aerobic energy
contribution was 94% and 6% respectively. When maximal or near maximal exercise

bouts are performed repeatedly, the energy contribution for each bout will change
dramatically compared to a single bout.

Repeated short sprints causes a greater disruption to the energy balance compared to a

single sprint. Dawson et al. (1997) reported that PCr depletion was 45% and 73% after a
single 6-s sprint compared to 5 x 6-s sprints departing every 24 s, respectively. During
repeated sprints it seems that the contribution of anaerobic glycolysis to energy provision
is inhibited by an interaction of various mechanisms such as the inhibition of key

regulatory glycolytic enzymes i.e. phosphofructokinase (PFK) (Glaister, 2005). The
gradual inhibition of anaerobic glycolysis was supported by the findings of Gaitanos et
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al. (1993). They reported that the contribution from anaerobic glycolysis was 44% in the
first sprint and 16.1% in the tenth sprint during 10 x 6-s sprints on a cycle ergometer. The

reduced contribution of anaerobic glycoloysis leads to an increased taxing of aerobic

slycolysis and VO, kinetics during both exercise and recovery periods when sprints are

repeated (Tomlin and Wenger, 2001). This increase in VO, kinetics is offset to restore

energy substrates such as PCr (Jansson et al., 1990) and remove blood metabolities such
as lactate (Balsom et al., 1992b). The aerobic contribution to energy production for each

sprint will also increase during repeated sprint (Gastin, 2001).

The relative energy contribution and performance on repeated sprints is influenced by a

myriad of factors such as training status (Hamilton et al., 1991; Bishop and Spencer,
2004), recovery duration (Wooton and Williams, 1983; Holmyard et al., 1988; Balsom ez
al., 1992b), mode of recovery (Dupont et al., 2004) and the number of sprints (Balsom et
al., 19922). In addition, each one of these variables can influence players’ physical

performance (i.c. time spent in high-intensity exercise, efficiency of recovery) in match-
play.

It is clear that repeated-sprint exercise produces a different physiological challenge to the

soccer player compared to a single sprint. It is unlikely that the repeated-sprint pattern

during match-play is as demanding as in the aforementioned studies (i.e. 10 x 6 s sprints).

Instead, the unpredictable activity pattern of soccer may lead to short episodes of

repeated sprints (i.e. 3 x 3 s with ~20-30 s recovery between sprints) with a longer active
recovery period spent jogging followed by another episode of repeated sprint (i.e. 2 X 3
s). Multiple-sprint sports such as soccer are unique in that the physiology and energy

contribution during match-play is dynamic depending on the activity performed. Such

physical demands places great emphasis on players’ fitness levels to be able to cope with
game intensity.
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2.4.6 Summary

Both field and laboratory based prolonged and short-term high-intensity intermittent

exercise protocols are good models in studying the physiological responses to soccer-

specific intermittent exercise. Prediction of players’ physical performance or assessment

of physical capacity may be limited unless players” are re-assessed regularly. The time-

consuming nature of match simulations and intermittent protocols is also a limitation
when assessing a whole squad. It would be beneficial for coaches 1f assessment of soccer-
specific endurance could be done in the field. The design of tests which is based on the
specific activity pattern and physical demands of match-play would achieve this aim. The

role of laboratory simulations and protocols should not be discarded but to maximise the

practically for coaches focus should be on field tests.

2.5 Physiological Testing

Coaches and sports scientists can obtain an indication of fitness levels of individual

player’s by using a blend of physiological tests. Physiological testing of soccer players is

important because information from such tests can be used to determine individual
physical strengths and weaknesses for prescription of individual training, study the
effectiveness of training programmes, monitor progress during rehabilitation training,
evaluate physical capacity of new signings and monitor changes in fitness levels during
the season (Hazeldine and Holmyard, 1993; Balsom, 1994). Prior to the use of a test for

regular assessment, it’s reliability and validity must be established. These two
components will be discussed in more detail below.

A fitness test must be able to measure components that are important for successful
physical performance during soccer match-play, for example the ability to recover from

high-intensity exercise (Green, 1991). Therefore, the primary aim of any fitness test
(laboratory or field tests) must be to obtain information that can be used to improve a
player’s overall performance during match-play (Balsom, 1994). Fitness tests can be
conducted both in the laboratory and the field, for measuring difterent components of

aerobic endurance performance and more soccer-specific fitness. Field tests are generally
used when cost and utility are important whercas laboratory tests are used when exact

precision and control are required (Hrysomallis et al., 1999). Laboratory tests are often
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more time-consuming and costly than are field tests especially when an entire squad has

to be accommodated. However, sub-maximal and maximal laboratory tests such as Tiac

and VOymax provide coaches with valuable information on players aerobic endurance
levels. An example of the development of aerobic endurance levels in professional soccer
players is shown in Table 2.5.1. Although the activity pattern of soccer can be mimicked

in the laboratory via intermittent exercise protocols as described in section 2.3, more

ecological valid information would be obtained from field tests.

Field tests are inexpensive, easy to use, short in duration, able to accommodate many
players simultancously, replicate specific fitness components of the game and are
sensitive to change (McLean, 1993). Also, any field test should be designed so that the
activity profile of the exercise replicates the demand of the specific activity during
match-play. For example, measuring 200-m running speed in soccer players may provide
no relevant information since the duration of such a sprint would be >21 s and a sprint
during match-play rarely exceeds 30 m or 3 s (Bangsbo et al., 1991: Mohr et al., 2003a).
Indeed, a 200-m run has been shown to be a poor predictor of physical performance
during match-play in elite referees (Castagna et al. 2002). Environmental and surface
conditions may also significantly affect performance during such field tests. To
counteract any change in test performance from these factors, test conditions must be
standardised. Standardised test conditions may involve testing indoors on an artificial
grass surface. The aim of this section is to discuss the methodological principles that

underpins fitness tests as well as critically evaluate some of the most common field tests.
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2.5.1 Test Reliability and Validity

Any fitness test must be sensitive to ensure that any changes in performance on a test are

“real”. as a result of an altered physical capability rather than between or within subject
variation (Atkinson and Nevill, 1998). Reliability and validity of any new fitness tests
must also be determined to ensure that the test is reproducible and mimics physical
performance in the real event (Hopkins et al., 1999; Boddington et al., 2001). Reliability
of a test procedure can be determined by controlled repeated performances that are
analysed using appropriate statistical methods. Such statistical methods should provide a
meaningful quantification of both the systematic and random error and relate these values
to the requirements of the test for effective practical use (Atkinson and Nevill, 2001).
This involves the use of several reliability statistics (i.e. coefficient of variation,
correlation coeffcient and analysis of variance), to investigate the repeatability between

trials as well as the 95% limits of agreement (Atkinson and Nevill, 1998). These

reliability statistics are the more common analytical methods to use for analysis of
reliability. Analysis of variance and the 95% limits of agreement have been used as

analysing tools when assessing the reliability of several fitness tests for multiple-sprint

sports (Wilkinson et al., 1999; Nicholas et al., 2000; Tong et al., 2001; Hood et al.,
2002).

It is important that tests used to measure physical fitness are compared to a “gold
standard” criterion as well as to performance in the actual event. For example,
performance on field tests that estimate aerobic power, such as the 20-m shuttle run,
should be compared to performance on incremental treadmill tests in the laboratory
where oxygen uptake is measured. If the correlation is high, the usual conclusion is that

the test is valid. Tests that evaluate soccer-specific endurance capacity should therefore

resemble physical performance during a match. However, physical performance in a
soccer match may be highly variable between matches due to the self-paced nature of the
sport. Tactics, motivation, increased certainty of the results are factors which may

influence the amount of high-intensity running performed in a match (Reilly, 2005).

In addition to being reliable and valid, tests must also be able to measure the minimum

percentage increase that is needed to demonstrate an enhancement of performance. These

differences may be very small for elite athletes [coefficient of variation of as low as 0.3-
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0.4%; Hopkins et al. (1999)], which must ensure that test methodologies are very
sensitive to change. A large sample size would be necessary for studies of training
interventions if such small changes in performance are to be detected. In summary,
fitness tests have to be reproducible and measure the specific components of soccer-

specific fitness if they are to be used for regular assessment of physical performance in
SOCCET.

2.5.2 Field Tests

Outlined in the next section are some examples of field tests used to evaluate specific
fitness components of soccer players. Despite high levels of ecological validity, no field
test can predict physical performance in soccer match-play, as it is difficult to isolate the
importance of individual physical parameters when the overall demands of the sport are
so complex. This review will focus only on fitness tests that assess players’ soccer-
specific endurance. Examples of such field tests are shown in Table 2.5.2. Many of these
tests have, however, not been frequently used in the literature and their reliability and

validity has not been thoroughly assessed. As a result, these tests have not been discussed

in the following sections. The tests outlined include those tests that are the most

commonly represented in the literature base.

Review of the Literature
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2.5.2.1 Multi-Stage Fitness Test

The multi-stage fitness test (20-m shuttle run) was originally designed by Léger and
Lambert (1982) and modified by Leger et al. (1988) to estimate VOsmax- It has later been
validated by Ramsbottom et al. (1988). The test is based on the completion of repeated

shuttle runs between two lines 20-m apart. The running speed is incremental and dictated
by audio signals from a tape recorder. The aim of the test is for the subjects to complete

as many shuttles as possible. The 20-m shuttle run has the advantage of evaluating more

than one individual at any time, can be performed with relative ease and needs minimal

equipment. Performance on the test provides an estimation of VO2max, as opposed to
laboratory tests where a precise measurement of oxygen consumption is recorded, as
expired air is not usually collected in the field. Not surprisingly, the 20-m shuttle run has

been popular for the assessment of aerobic endurance in soccer as a whole squad can be
tested at one time. A revised version of the original 20-m shuttle run protocol has been
designed to measure anaerobic capacity where the intensity is based on the individual’s
final running speed in the 20-m shuttle test (Ramsbottom et al., 1990; 1997; 2001). The

running speed during this test is approximately 8% faster than the final speed attained

during the 20-m shuttle test designed to exhaust individuals within 1-2 minutes.

The individual’s VO,max in the 20-m shuttle run is based on the level and shuttle reached

by the subjects during the test and predicted from the regression equation VOimax =
(5.857 x speed on the last stage) — 19.458 (Leéger and Lambert, 1982). This equation is

based on the relationship between VOimax and the maximal speed achieved during the last

stage. Significant correlations between VO,max established by direct measurements on the
treadmill and performance on the 20-m shuttle test were reported by Ramsbottom et al.
(1988) (r = 0.92) and Paliczka et al. (1987) (r = 0.93). The standard deviation from the

regression line was 3.5 ml.kg™.min"', which indicates that predictions of VOzmex may be
either overestimated or underestimated by up to 3.5 ml.kg.min". Initial inspection of

such evidence would appear to indicate a strong relationship between a direct and

predicted VOamax using the 20-m shuttle test.
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There is evidence that indicates a lack of consistency in correlations of test performance

with VO,max (O’Gorman et al., 2000). Sproule ef al. (1993) observed that the VOzmax and
heart rate predicted from performance in the 20-m shuttle test was lower in 75% of

subjects compared to direct evaluations performed on the treadmill. Similar findings

where VO2max has been under-predicted have been were reported in squash players,
runners (St Clair-Gibson et al., 1998) and adolescent soccer players (Fairbrother et al.,
2004). The underestimations may be greater for individuals with a higher VO2. and be
partly dependent on the specific sport of the subjects. Moreover indirect measurements of
VOsmax have an accuracy of £15% (Astrand et al., 2003). The constant deceleration and
acceleration actions associated with each turn at 20 m may be more energy demanding
and may decrease stride length efficiency (O’Gorman et al., 2000). As a consequence, the

anaerobic contribution to the test may be higher compared to continuous running on a

treadmill. Therefore, it may be difficult to attain a true VO,max during the 20-m shuttle

run especially in highly trained athletes. Performance should therefore be expressed as

distance covered and not estimated VOmax.

38




Review of the literature

INjoene = v “ISp[aypIiwl = I ‘ISPUJ3p [BNUID = 0D Yorq |[[1§ = g ‘I2daay[eod = O ‘s1oke|d Juadssjope =

a10de3uIg/g1 -] Wea) [euoneN

($007) ‘1v 12 Z12Y

N
N

Chapter 2

8°TS 6L1 F 140 12
0°CF LS 0951 0¢ pue|SuZ/sd[ewsd) anged] [euoljeN (£002) 1v 12 uewjod
9°LS 004C T pue[[OH/[euo]ssajold
1°L6 09€T 1€ puB[[O/Inajewre angea| Ja1walj
LSS ) k4 9 pue[|OH/inajewry (£007) "1 12 Yurwwa]
8'C F 096 09¢C 4| vPuB[sud/2Aannadwo)) (002) ‘1v 12 19qp01q11E ]
'S FEHS 01T 1]l pue[3ug/[euoleaIdYy
LY F¥LS 00tT €1 pue|3u/sIe[oyss Auopedsy (€£007) '1v 15 sprempH
8'€F €¢S 0ZCT LY1 a1ode3urS/jeuoissajold (€002) v 12 212V
T9F¥'6S 0ZST 61 pue|3uzg/[euclssajold (Z007) ‘1 12 Yompung
(L661) wonogswey]
L'SS 1LZ F 0922 b1 pue[Sug/ANsIaAu[) pue oquif0}ap0
L'€S 001¢C b Uspamg,/wed} [euoleN ajewa
609 0b97 Ll USPIMS/UOISIAIP 3SII]
G'8S 09+T 0 uapams/g1-n Mg
96 0Z€T €Z u3pams/9 -] Weaj [euoneN
0°9S 087T CT udapams/91-N g (¥661) wosjed
v F1°09 08ST 187 %
VEFPI9 089C CE N
ZEF$6S 0¥ST T aj
€TFL09 0292 k4 d4
6'CF 9 0Z€Z ¢l p; (9 pue|3ug/[euoissajord (zZ661) 'Iv 12 salreQq
686 00SZ 91 eI[enSNY/g [ -] Wed} [BuoljeN (T661) Wrwg pue Arum],
SV T S8 ObLI 07 el[ensny//wed) [euoleu (e g (z661) £qreq pue Ajiun]
L'y F 8y ObL] 4| pue|3ugwred) [euoljeu d[ewld ] (Z661) 19mag pue sataeq
b'EF9°6S 0¥ST 4| pue[Su/[euolssajo1d-1uag
8¢ F8°6S 09SZ SY pue[3ug/[euolssajoid (Z661) samae pue Jamaig
Eaiinl (W) P242403
2y Tu) ﬁo&O\v paIowiysy 20uDISI(] u UO111SO J AQunos/)aaa Apnig

‘(ayeradoadde aroym (gSFueaw) 19550s Ul Aejd Jo spiepue)s SNOLIBA UI Ut 3[)INYS W-(Z Y} UO 5UrUIIO}Id] *€°S°T ddeL




Chapter 2 Review of the Literature

Despite the problems associated with predicting VOimax, the 20-m shuttle run has been

used extensively to test soccer players at various playing standards as shown in Table

2.5.3. The majority of evidence indicates that the 20-m shuttle run cannot discriminate
between different standards of play and is not sensitive to training status in trained soccer

players. Lemmink et al. (2004) reported that there was no difference in 20-m shuttle run

performance between amateur, top-class amateur or professional Dutch soccer players as

shown in Table 2.5.3. They also found that professional players performed significantly

better that the top-class amateur and amateur players on an interval shuttle run test. No
difference in performance between English academy scholars and recreational players
was also shown by Edwards et al. (2003). Odetoyinbo and Ramsbottom (1997) found
that there was no significant improvement in 20-m shuttle run performance following 8
weeks of high-intensity training in university soccer players (2260 + 261 m to 2274 +£ 256
m). However, performance on the aforementioned high-intensity shuttle run version of
the 20-m shuttle run was improved by 12.9%. Similar improvements have also been
reported in healthy individuals following 6 weeks of high-intensity interval training
(Ramsbottom et al., 2001). The latter finding may suggest that the anaerobic or high-

intensity version of the 20-m shuttle test may be more sensitive to training interventions
than the aerobic or original version.

Therefore, the 20-m shuttle run may not be suitable for the estimation of changes in

VO:max in soccer players or for studying effects of soccer-specific training interventions,

especially for high-level performers. Performance should be expressed as distance

covered rather than estimations of VOsmax. The major limitation of the 20-m shuttle run is
the continuous activity pattern, which does not fully represent the intermittent activity

profile of soccer or soccer-specific endurance per se. Instead, tests that replicate the

intermittent activity pattern of soccer should be used to assess soccer-specific fitness.
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2.5.2.2 The Yo-Yo Tests

The concept of shuttle running was used by Bangsbo (1993b) to devise a more soccer-
specific assessment compared to the 20-m shuttle run. There are two Yo-Yo tests- the
Yo-Yo intermittent endurance test (YIET) and the Yo-Yo intermittent recovery test
(YIRT). The YIET measures the ability to perform bouts of repeated intense intermittent
exercise and YIRT measures the ability to recover from intense exercise (Bangsbo,
1993b). The difference between the 20-m shuttle run and the Yo-Yo tests is that short
recovery periods (5 s in the YIET; 10 s in the YIRT) are incorporated after each pair of
20-m shuttles. This intermittent activity profile clearly distinguishes the two Yo-Yo tests
from the continuous profile of the 20-m shuttle run making it more specific to soccer.

Scoring in the Yo-Yo tests is similar to that for the 20-m shuttle run with the level and

number of shuttles completed being recorded. Table 2.5.4 reveal performances on both

Yo-Yo tests from different standards of play.

2.5.2.2.1 The Yo-Yo Intermittent Endurance Test
The reliability of the YIET has not yet been established. However, the internal validity of

the YIET has been examined in several studies. Oliveira et al. (2001a) also showed that
distance covered on the YIET (level 1) was higher four (1601 £ 318 m) and seven (1734
+ 476 m) months into the competitive season compared to the beginning of pre-season

(1251 £ 280 m) and the end of the transition period (1251 + 288 m) in elite Portuguese

- players. The YIET-1 can also detect changes between playing positions (Bangsbo and
Michalsik, 2002). These studies show that YIET seems to be sensitive to detect changes
in training status throughout the season. In addition, Rainer (2004) showed that
performance on the YIET was improved following ingestion of a 6.9% solution

carbohydrate drink. Taken together these results would seem to suggest that the YIET can
be applicable to soccer for regular testing,
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When examining the internal validity of the YIET, there seems to be no association

between VO,mx determined from treadmill running in the laboratory and YIET

performance. Aziz et al. (2005) reported a poor association between VOymax and

performance on the YIET (level 2) in elite junior players from the Singapore National

Team. This lack of association between YIET-2 performance and VO;max has also been
reported by Oliveira et al. (2001b) in elite Portuguese players, Castagna et al. (2003) in
provincial Italian players (YIET level 1) and Metaxas et al. (2005) in elite Greek players.
These results would suggest that performance on the YIET is affected by other variables

other than VO»may alone.

The only study which has compared performance on the YIET and the 20-m shuttle run

was conducted by Aziz et al. (2005). They found a low association between the total
distance covered in the YIET (1676 + 314 m) and in the 20-m shuttle run (2041 + 179 m)

in Singapore U-18 national team players. Both post-test blood lactate and peak heart rate
was similar between the two tests (192 £ 8 beats.min™ vs 192 + 8 beats.min” and 13 £ 1.6

mmol.I" vs 13.1 £ 2.7 mmol.I" for the 20-m shuttle run and the YIET respectively). The
YIET also yielded a lower VOzmax (56.1 £ 4.5 mlkg'.min') compared to the 20-m

shuttle run (59.1 + 4.8 ml™ kg™ .min) and an incremental treadmill test in the laboratory

(578 £5 ml.kg'l.min'l). Despite the different activity pattern of the YIET to the 20-m
shuttle run, blood lactate and peak heart rate was similar at the end of each test. However,

the start-stop nature of the YIET may have contributed to the players not reaching
VOsmax. The poor association between the YIET, VO5may and the 20-m shuttle run may be
explained by the fact that the YIET was not designed to estimate VO2max from

performance but is only concerned with performance in distance covered per se.

2.5.2.2.2 The Yo-Yo Intermittent Recovery Test

The external and internal validity and reliability of the YIRT (level 1) were established
by Krustrup et al. (2003). No significant difference was reported in the distance covered

(1867 £ 72 m and 1880 + 89 m) between a first and second test performed within one

week of each other in 17 healthy individuals (non-soccer players). A significant

correlation (r = 0.71) was also observed between performance on the YIRT and the

amount of high-intensity exercise performed during match-play in 12 Danish professional

soccer players. Interestingly, the correlation between total distance covered in match-play
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and YIRT performance was lower (r = 0.53) than the correlation for high-intensity

running. Average (after 1080 m and 1720 m in YIRT) and peak heart rate during the test
corresponded to 92 + 1%, 96 £ 1% and 99 + 1% of HRpeax , respectively which showed
that the aerobic loading was high in the latter stages of the test. In addition, blood lactate
concentration was 10.1 + 0.6 mmol.I" and the PCr concentration had fallen by 51% at the

end of the test compared to rest. This also suggests that anaerobic energy production was

highly taxed especially towards the end of the test. These energy loads are similar to
those, which support soccer-match play. An alternative sub-maximal version of the Yo-
Yo intermittent endurance test has recently been described by Mohr et al. (2003b). This
version utilizes heart rate measurements to predict maximal performance on the basis of a
6-min test. The sub-maximal test was also sensitive to track changes in fitness in Danish
national team players leading up to the 2002 World Cup. Such test procedures may

enhance the effectiveness of the Yo-Yo test within the competitive season as energy

demanding maximal efforts are not requested.

The YIRT-2 (2-10 min) is of a shorter duration than the YIRT-1 (10-20 min) and

evaluates a different component of soccer-specific endurance. Whereas the YIRT-1
assesses the ability to perform repeated aerobic high-intensity work, the YIRT-2 focuses

on the ability to perform intense intermittent exercise with a larger anaerobic component
(Krustrup et al., 2006b). The reliability and internal validity of the YIRT-2 was
established by Krustrup et al. (2006b). They reported no significant difference between
test-retest scores (688 £ 46 m vs. 677 £ 47 m) of a YIRT-2 performed twice within a
week in active non-soccer players. The same authors also reported that distance covered
on the YIRT-2 was improved by 42% following 8 weeks of pre-season training in elite

male Danish players. The YIRT-2 can also distinguish between successful and

unsuccessful teams in the Danish premier league (Bredsgaard Randers et al., 2007) and
between playing positions (Bangsbo and Michalsik, 2002). Performance on the YIRT-2
was also improved by 15% following a 12 week in-season high-intensity training period

performed once a week in elite male Danish players (Majgaard Jensen et al., 2007).

Table 2.3.3 shows that both the YIRT-1 and YIRT-2 has been used extensively in the
assessment of soccer-specific endurance capacity in players and can discriminate between
playing positions and different levels of play. In addition, the YIRT (level 1) has also

been used to assess the physical capacity of elite soccer referees (Krustrup and Bangsbo,
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2001; Weston et al., 2004) and assistant referees (Krustrup et al., 2002). The YIRI was
also used by Krustrup et al. (2003) to monitor changes in fitness during the season In

professional Danish players. Following pre-season, distance covered in the YIRT-I,

VO, and time to exhaustion on an incremental treadmill test increased by 25% (from
1760 m to 2211 m), 7% (from 355 to 39 mmol.I'') and 14% (from 293 s to 331 s)
respectively. Furthermore, YIRT-1 performance at the end of season (2103 + 68 m) was
not significantly different to the end of pre-season (2211 £ 70 m). It may be argued that
the large improvements in test performance (25%) may have been associated with the
acute responses to the training stimulus following a period of inactivity. In addition,
Majgaard Jensen et al. (2007) reported that distance covered on the YIRT-2 increased by
15% following aerobic high-intensity interval training in-season. These results

demonstrate that the YIRT may be more sensitive to changes in training status and is a

better predictor of physical performance during a match than VOzmax. It seems that the
YIRT is sensitive to detect improvements in soccer-specific endurance in referees.
Performance on the YIRT was improved by 31% and 46.5% in elite Danish (Krustrup
and Bangsbo, 2001) and Belgian refereces (Weston et al., 2004) following a 12-week and

16 month high-intensity training programme respectively. The YIRT-1 has also been
used to test professional rugby league players (Atkins, 2006).

2.5.2.2.3. Summary

Both the YIET and the YIRT can discriminate between playing positions and is sensitive

to monitor changes in fitness during the season. These tests may be more appropriate to

use for assessment of soccer-specific endurance rather than VO, measurements or the
20-m shuttle run. The major disadvantage of the YIET and YIRT is that players have to
perform repeated turns at 180°, which can place strain on the joints of the lower limbs but
considerably fewer turns are performed in comparison to the 20-m shuttle run. The
exercise intensity in both of the Yo-Yo tests is progressive starting at a low intensity and
gradually increasing with a test duration of ~10-15 min. Some coaches may be reluctant
to allocate time for fitness testing, both at a professional and lower league level.
Therefore, it would be advantageous to have a test which not only would be of
considerable duration to be used as a conditioning drill but also could be used as a

performance test to evaluate soccer-specific endurance. The prime aim of the two Yo-Yo
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tests was for performance assessment only making dual use of the tests (conditioning drill

and performance test) of the tests difficult.

2.5.2.5 Multiple Sprint Tests

There is an increased physiological demand during multiple sprints as opposed to single
sprints, as muscle pH, PCr and subsequently ATP must be resynthesised between sprints
(Balsom et al., 1992b). Assessment requires test protocols that include a repeated sprint
component interspersed with rest periods. Examples of how laboratory repeated sprint
protocols and the duration of the sprint and/or recovery period can influence performance
have been discussed in section 2.4. Assessment of this repeated-sprint ability in the field
is practical and can be easily conducted using electronic timing gates. Recently, there has
been development of several multiple-sprint tests with varying sprint distance, recovery

time and number of sprints (Dawson et al., 1991; Fitzsimmons et al., 1993; Aziz et al.,

2000; Mujika et al., 2000; Boddington et al., 2001).

One of the most widely used test protocols to assess repeated speed endurance is

Bangsbo’s multiple-sprint test (BMST) (Bangsbo, 1994a). The BMST consists of 7 x 35-

m sprints separated by 25-s recovery periods. The test results include best sprint time,
mean sprint time and a fatigue index. The best sprint time is defined as the fastest of the
seven sprints and the mean sprint time is the average time taken to complete the seven
sprints. Both of these indices should be low: the latter expresses the player’s ability to
perform several sprints and the former the ability to perform “explosive” actions within a
short period of time during match-play. A high fatigue index suggests that the player
shows inconsistency in sprint performance and has a poor ability to recover between

sprints, which may be due to the inability to replenish PCr stores and remove blood
lactate between sprints (Tomlin and Wenger, 2001).

The reliability of the BMST was established by Wragg et al. (2000) where seven male
soccer players performed the multiple sprint test over six trials with a coefficient of
variation in sprint times of 1.82 % between trials. Significant differences occurred
between trials 1 and 2, indicating that a learning effect was present. Based on these

results, it is advisable for players to perform several familiarisation sessions prior to the
proper assessment trial(s) to ensure accurate results.
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It seems that the BMST is sufficiently sensitive to discriminate between different
standards of players and be used as an indicator of changes in physical performance
during match-play in soccer. Reilly et al. (2000) reported that performance on the BMST
was significantly better for elite compared to sub-elite youth soccer players with clite
players recording lower mean velocities and higher fatigue indices compared to the sub-
elite players. Similar findings were reported by Sampaio and Macas (2003) in elite and
amateur Portuguese players. Rebelo et al. (1998) also observed that BMST performance
in 14 elite Portuguese youth players was significantly better in the first half compared to
during the second half in a friendly match. If the BMST can discriminate between
different standards of players and detect changes in physical performance during match-

play, the test has potential for inclusion in soccer-specific assessments.

A major disadvantage of multiple-sprint tests in general may be that individuals develop
“nacing” strategies throughout the test and therefore not exert maximal effort in the
sprints due to the self-paced nature of the test. Furthermore, the uses of fatigue index may
over- or underestimate a player’s speed-endurance capacity. Slight variations in
performance on any one sprint can have a large impact on the overall fatigue index score
(Fitzsimmons et al., 1993). As a result, the data may be skewed and misleading leading to
incorrect assumptions of a player’s true speed-endurance capability. Moreover, multiple
sprint tests of 7 x 35 m may be more appropriate for amateur-level players as a more
demanding protocol (i.e. either through an increase in sprint distance, number of sprints
or a reduction in the recovery time between sprints) may have to be introduced for elite-

level players. It may be more difficult to detect inter-group differences in fitness levels

between elite players due to the homogeneity in training status.

2.5.3. Summary

Despite the development in the number of fitness tests, there are few which have been
extensively examined in the literature. Due to the complex activity pattern and
physiological demands in soccer it is difficult for any fitness test to accurately predict

physical performance in soccer match-play. At present, only the Yo-Yo tests seem to be

the best field test to measure soccer-specific endurance.
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2.6 Overview

It is very difficult to quantify the energy production and the phiysiology of soccer directly

in match-play. Nevertheless, several field and laboratory based intermittent exercise
protocols have been developed to replicate the intermittent exercise pattern in soccer.
What makes assessment of soccer-specific fitness difficult is that soccer is very
unpredictable and exercise and rest periods are not evenly distributed in a match. At best,
test protocols replicate the duration of the average exercise and recovery periods
observed in a match but not the specific pattern. One of the most important parameters of
soccer-specific fitness is the ability to perform repeated bouts of high-intensity exercise.

Coaches should prioritise assessment of soccer players’ ability to recover between high-

intensity exercise bouts. Any new test protocol should therefore be based on the duration
and distance of the high-intensity bouts during the game. To increase the physical
demand, the duration and distance of the high-speed runs can also be adapted. Coaches
should also have the option of assessing soccer-specific endurance through sub-maximal
or maximal components. At present, there is no field test that consists of a sub-maximal
stage and maximal stage where performance can be evaluated from heart rate
measurements and number of bouts completed respectively. Not only could such a test be
utilised for assessment of soccer-specific endurance but could also be incorporated as a

separate conditioning drill. No test of soccer-specific endurance, which consists of a

separate sub-maximal and maximal stage, has undergone extensive reliability, validity

and sensitivity to an experimental intervention analysis.
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3.0. General Methodology

The aim of this section is to summarise the procedures and techniques used throughout
this thesis. These include a description of standardised anthropometric measurements, as
well as the field and laboratory tests used. Prior to performing any physical tests, the

subjects’ demographic characteristics were always recorded to generate baseline

measurements.

3.1. Anthropometric Measurements

The subjects’ statures were measured when the subjects were standing in the Franfort
plane using a stadiometer (Seca, Birmingham, UK). Body mass was recorded with the

subjects wearing shorts on a calibrated weighing scale (Seca, Birmingham, UK). These

procedures were in accordance to the International Association for the Advancement of

Kinanthropometry guidelines (Eston and Reilly, 2001).

3.2. Field Tests

3.2.1 The 20-m Shuttle Run

The test was developed by Ramsbottom et al. (1988) and was used to estimate VO2max
and determine peak heart rate (HRyca). The test consisted of repeated shuttle running
between two lines 20 m apart. Initially, the running speed was 8 km.h™ with the speed
increasing by 0.5 km.h™ every minute and dictated via audio “bleeps” from a CD. The
aim of the test was to complete as many shuttles as possible. If the subject failed to reach
the line in time for the “bleep” on consecutive shuttles, the test leader would disqualify

the subject and the level and number of shuttles completed was recorded as the subject’s

test performance. The subjects level and shuttle was then converted to an estimated

VO12max SCOrE from a conversion table. The subject could also voluntary stop the test.
Heart rate was measured every S s via short-range telemetry with the Polar Team system
(Polar Electro Oy, Kempele, Finland). The highest heart rate reached for each individual

subject during the test was recorded as the HRpeax.
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3.2.2 The Yo-Yo Intermittent Recovery Test

The Yo-Yo Intermittent Recovery Test was developed by Bangsbo (1993). The Level 1
version of the test was used for all studies in this thesis. The test consisted of repeated
intermittent shuttle running between two lines 20 m apart. After each pair of 20-m
shuttles there was a 10-s recovery period before the start of the next shuttle. During this
recovery period, the subjects jogged 5 m, turned and jogged back 5 m ready to start the
next shuttle. The test course is shown in Figure 3.1. The running speed was incremental

and dictated via a series of audio “bleeps” from a CD. If the subject twice failed to reach

the line in time with the bleeps, they would have to stop the test and their final level and

shuttle recorded. Heart rate was measured every S s via short-range telemetry with the

Polar Team system (Polar Electro Oy, Kempele, Finland). The highest heart rate reached

for each individual subject during the test was recorded as the HRpeax.

3.2.3 The 15-50 Protocol

The 15-50 protocol consisted of a sub-maximal stage (Part 1) and a maximal stage (Part

2). Performance in Part 1 was evaluated by recording heart rate responses to the exercise

protocol. Performance in Part 2 was based on the number of completed runs. The

maximum number of runs that could be completed was 10. A detailed illustration of the
test course for Part 1 and Part 2 is shown in Figures 3.2 and 3.3.

Part 1 was divided into 4 blocks with each block consisting of S running cycles of short
(2 x 15 m) and long (50 m) high-speed runs with a 90-s rest period in between blocks.

The structure of one running cycle is described below. This running cycle was then
repeated S times in Part 1.

One running cycle: 30-m short run (2 x 15 m), 3-s rest, 50-m long run (no turn), 42-s
passive rest X 3.

The mean running speed during the short (2 x 15-m) and long (50-m) high-speed runs
was 18 km.h™" and 20 km.h, respectively. During Part 1, the subjects performed 20 turns
at 180°. The duration of Part 1 was 24 min 30 s with a 30-s rest period prior to the start of
Part 2. The mean running speed during Part 2 was 19.2 km.h for each bout but with a

longer exercise time (15-s) allowed for each bout compared to Part 1. The subjects also
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performed two turns at 180° in each bout. A description of the test course for Part 2 is
shown in Figure 3.3.

3.2.4 The 15-30 Protocol

The 15-30 protocol consisted of a sub-maximal stage (Part 1) and a maximal stage (Part
2). Performance during Part 1 was evaluated by recording heart rate responses during this
stage and performance in Part 2 was based on the number of shuttles completed. The test

course for Part 1 and Part 2 of the 15-30 protocol is shown in Figures 3.4 and 3.5.

Part 1 was divided into 5 exercise blocks with one block consisted of 7 running cycles of
short (15 m + 13 m) and long (30 m) high-speed runs interspersed with a 90-s passive
recovery period between each block. The make-up of one running cycle is described

below. This running cycle was then repeated 7 times for one exercise block. Five exercise

blocks were performed in total in Part 1.

One running cycle: 30-m short run (15 m + 13 m), 6-s passive rest, 30-m long run (no
turn), 12-s passive rest

General Methodology
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3.3. Laboratory Tests

3.3.1. Assessment of Lactate Threshold
The test was performed on a motorised treadmill (h/p Cosmos Pulsar, Niissdorf-

Traunstein, Germany). The next phase consisted of a 5-min warm-up running at 8 km.h
on the motorised treadmill followed by stretching exercises. The test consisted of sub-
maximal running at incremental running speeds to detect lactate threshold at the 2
mmol.I" and the 4 mmol.I"! onset of blood lactate accumulation (V-4 mmol.I") velocities
in accordance to the British Association of Sport and Exercise Science’s criteria (BASES,
1997). The initial running speed was 10 km.h™ with a stepwise increment of 1 km.h
every 4 minutes. After each stage there was a 30-s rest period where the subject put their

feet to the side of the treadmill and a blood sample was taken to determine blood lactate

concentration. The test was stopped on completion of the next stage following the
velocity corresponding to the V-4 mmol.I"! mark.
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3.3.2. Assessment of Maximal Oxygen Consumption

The VO,max test was performed 1 minute after the end of the lactate threshold test. The
second part consisted of a maximal incremental test to exhaustion. The running speed

started at 16 km.h” with a 2% increase in the incline every minute. The test was

terminated when the subjects voluntary stopped the test and grabbed both handlebars and
putting their feet on the side of the treadmill. A blood sample was taken immediately
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