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Abstract

Training load can be divided into 2 categories: internal and external training load. External training
load is the physical stress work done by the athlete. External training load can be measured by the
use of global positioning system (GPS) and video-based time motion analysis. Internal training
load is the physiological responses from training sessions. It can be measured by the use of heart
rate monitors and rate of perceived exertion. Monitoring training load can be used to measure
the players’ readiness for matches and as a precautionary measure to reduce overreach from
training sessions. The aim of this thesis are to quantify training periodisation practices employed
by a professional football club throughout a competitive season, determine the changes to
microcycle training plan according to the number of matches in a week and the neuromuscular
response during weekly microcycles of different football training and match loads among
professional football players and to evaluate the eccentric hamstring strength and injury
occurrence in relation to training load data throughout the competitive season.

Study 1 aimed to quantify training periodisation practices employed by a professional football
club throughout a competitive season. Initially, 20 players agreed to take part in the study,
although only 12 players provided sufficient data to be included within the study. Training data
was recorded via GPS across the competitive season, sub-divided into 4 different stages (each
sub-divided into two 5-week blocks; early and late stage). Countermovement jump height was
recorded for all players in order to assess their level of neuromuscular fatigue. Significant
differences were observed in total distance covered (p = 0.045, effect size = 0.385) and high-speed
distance covered (p = 0.001, effect size = 0.264) across the different stages of the season. There
were no significant changes were observed in the training load as measured by the accumulated
New Body Load (p = 0.085). A sub-analysis was conducted to explore the impact of fixture
congestion on player training load by comparing weeks with 1 match, vs weeks with 2 matches.
Significant differences were observed in total distance covered (1 match = 14076.16 + 1569.24 m
vs. 2 matches = 7874.35 + 1923.01 m; t (3) =3.571, p = 0.038, 95% Confidence Interval of
Difference [674.40 m to 11729.23 m], effect size = 3.53), high-speed distance covered (1 match =
781.49 + 109.89 m vs. 2 matches =413.99 + 91.87 m; t (3) = 4.445, p = 0.021, 95% Confidence
Interval of Difference [104.39 m to 630.60 m], effect size = 3.63) and accumulated New Body Load
(1 match = 281.82 + 35.36 AU vs 2 matches = 135.93 + 12.02 AU; t (3) = 11.78, p = 0.001, 95%
Confidence Interval of Difference [106.47 AU to 185.31 AU], effect size = 5.52) for training
sessions in weeks that players were preparing for 1 match vs 2 matches. No correlation was found
between the total distance covered (r = -0.001; p = 0.995), high-speed distance covered (r = 0.07;
p = 0.547) and New Body Load (r =0.101; p = 0.386) with countermovement jump height. It was
concluded that there was a lack of manipulation in training sessions throughout the season.
However, there were efforts to reduce the training load on weeks with 2 matches. Hence,
alteration in training microcycles is important for players to be optimally prepared and
recuperated for the following match.

Study 2 aimed to evaluate the eccentric hamstring strength and injury occurrence in relation to
training load data throughout the competitive season. Players were divided between those who
had suffered hamstring injuries (n = 6) and those that did not during the season (n = 14) over the
course of the season. They were required to perform isometric Nordic hamstring curl every week
after a training session. No statistical differences were observed between the Nordic break-point
angles (hamstring strength) of the two groups (p = 0.299). No significant changes were observed
in the acute: chronic workload ratios between the two groups prior to injuries of the injured
group (p = 0.316). It was concluded that eccentric hamstring strength and the acute: chronic
workload ratios cannot be used to predict non-contact injury incidences.

To conclude, the present results suggest that a lack of manipulation to training load may not
reduce match running performances. However, coaches and sports scientists still manipulate and
periodise training for optimal preparation for matches, especially in weeks with more matches.
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The use of eccentric hamstring strength tests alone and acute: chronic workload may not be
suitable to predict non-contact injuries among the players.
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CHAPTER 1: Introduction

1.1. Professional Soccer

Soccer is an intermittent sport that involves physical, technical and tactical parameters
contributing to team performance (Stolen et al., 2005). From an endurance point of view, each
player performs approximately 1000 to 1400 short activities, changing every 4 to 6 seconds (Mohr
et al., 2003; Bangsbo et al., 1991; Reilly, 1976; Rienzi et al., 2000). Players were also required to
have high levels of muscular strength and power as they are key elements to movements such as
turning, sprinting and changing pace (Bangsbo, 1994). High levels of strength in upper body and
lower body may also reduce injury risks in soccer (Arnason et al., 2004).

Soccer Outfield Positions Common Match Activities

Defenders Spr|nt§, tackles, jumps, changing pace and
direction

Midfielders Spr|nt§, tackIes., jumps, changing pace and
direction, turning

Strikers Sprints, jumps, changing pace and direction,

turning

Table 1. Soccer outfield positions and their common match activities (Ekblom, 1986; Withers, 1982; Bangsbo et al.,
1991; Reilly, 1976; Rienzi et al., 2000; Helgerud et al., 2001; Mayhew and Wenger, 1985).

1.2. Fixture Congestion

In elite soccer, players should be able to play up to 50 competitive matches a season and
participate in a match as regularly as 4 days over a five-match period (Strudwick, 2012). The high
number of fixtures for the team often stem from their participation in domestic league and cup,
and if playing at the highest level, continental cup competitions. The common period for high
fixture congestion is during the Christmas period where teams have to play on Boxing day and
around the New Year’s period (Kendall, 2008). During these periods of high fixture congestion,
players may not get the recommended 72 hours of recovery period (Ispirlidis et al., 2008). From a
performance perspective, players who played more matches over a fixed period were found to
underperform than those who played less (Ekstrand et al., 2004). Moreover, the rate of injuries
during matches were found to increase during periods of high fixture congestion (Dellal et al.,
2013). The need to minimise injury incidence in the team becomes increasingly important. Teams
with low rates of injury were found to perform better in domestic leagues as well as European
cups (Hagglund et al., 2013). Few studies have investigated the effects of congested playing
schedules on player performance and/or fatigue (Nassis and Gabbett, 2016).

Elite soccer had developed and much research had been conducted regarding match performance
and training. Planning and execution of training sessions in preparation for matches had taken a
more scientific approach (Bangsbo, 2014). New technology has allowed for changes in match
performance to be studied in high time resolution (Bangsbo, 2014). Besides, the individual
physical demands the individual players were exposed to in games and training became the
attention of coaches and sports scientists when assessing their readiness as well as their specific
tactical roles for upcoming matches (Bangsbo, 2014).



1.3. Training Periodisation

The weekly training programme for soccer players vary because of the different stages of the
annual plan, number of fixtures during the season and experience of the manager or coach
(Impellizzeri, et al., 2006). Training during pre-season focuses on rebuilding the fitness levels of
the players who had returned following the off-season. During in-season, the aim shifts to
maintaining their fitness and specific capacities developed during pre-season (Reilly, 2006).
Professional players typically train 4 to 6 times per week during the competitive season (Bangsbo
et al., 2006). However, they may train twice a day, 5 days per week during pre-season (Impellizzeri
et al., 2006). These high-volume training sessions would dramatically increase the training
demands placed on the players and result in physical and physiological changes (Goto et al.,
2007).

1.4. Monitoring Training Load

The introduction of training load monitoring into sports allows coaches and sports scientists to
observe and monitor quantitatively the efforts athletes put into training and matches. Training
load can be defined as a holistic measure of the physical stress the athlete experiences. Training
load is categorised into 2 separate branches: internal and external. Internal training load can be
described as the biochemical (physical and physiological) and biomechanical stress response to
exercise (Imperlizzerri et al., 2005). External training load is the physical work done by the athlete
during exercise (Vanrenterghem et al., 2017). Monitoring training loads have gained importance
as it provides sport scientists and coaches with valuable information regarding prescribed training
programmes.

Internal training loads are commonly monitored via heart rate monitors and obtaining the
player’s rate of perceived exertion. A feature of the modern heart rate monitor is its ability to
measure heart rate variability of an athlete. Heart rate monitors had developed even further to
have larger memory capacity, allowing for more data to be stored. These data would then be
downloaded for analysis of their internal training load during training or competition (Achten and
Jeukendrup, 2003). Besides that, the players could rate the day’s training session or match based
on a category ratio scale (Borg et al., 1987). The players’ rate of perceived exertion was shown to
provide an alternative valid and time effective method to quantify training load from training
sessions (Impellizzeri et al., 2004). External training load is often monitored via the use of global
positioning systems (GPS) and video-based time motion analysis. The parameters often analysed
with external training load are total distance covered, high-speed distance covered, sprint
frequency, acceleration and deceleration of the players.

The match activities of the players were monitored via video-based time motion analysis or global
positioning system microtechnology attached to the players. The typical total distance covered by
a player during a match is 10 — 13 km (Bangsbo et al., 2006; Bangsbo et al., 1991; Mohr et al.,
2003). Midfielders were found to cover the most distances compared to the other outfield
positions. However, most of the distance covered were by walking or low intensity running, which
required a low energy turnover (Bangsbo, 2014). High-intensity movements are important as they
allow the team to create opportunities to score (Bangsbo et al., 2006). Therefore, the total
amount of high intensity activity periods separates the elite players from those of lower
standards, as elite international players performed approximately 28% more high intensity
running (2.43 vs 1.43 km) and 58% more sprinting (650 vs 410 m) than professional players
playing at a lower standard (Mohr et al., 2003).

The individual differences in physical demands among players are partly due to their varying
positions in the team. Central defenders tend to cover less overall distance and perform less high
intensity running than players in other positions, which is probably linked to their tactical roles
and lower physical capacity (Mohr et al., 2003). Full-backs were found to cover more distance in
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high intensity and sprinting, while performing less headers and tackles than players in other
positions. Attacking players covered distance at high intensity almost equivalent to full-backs and
midfield players, but sprinted the most compared to the others (Mohr et al., 2003). They had a
more marked decline in sprinting distance than midfielders and defenders (Mohr et al., 2003).

With the emergence of GPS to monitor and measure the training load of the players in training
and matches, sports scientists and coaches would be able to periodise training sessions for
players to be optimally prepared for matches and lowering the risk of injury. Hence, the aims of
the first study in the current thesis are to quantify training periodisation practices employed by a
professional soccer club throughout a competitive season and to determine the changes to
microcycle training plan according to the number of matches in a week.

1.5. Injury in Soccer

Soccer has a relatively high injury rate compared to many sports (Lewin, 1989). The risk of injuries
in soccer sometimes stem from the high match frequencies and year-long training (Gabbett,
2016). Previous research had shown that there is an association between training load and injury
risk, whereby higher training loads increases the likelihood of injury (Malone et al., 2016). In
England, a player playing professionally suffers, on average, 1.3 injuries per season and misses an
average of 24 days of training and competition per injury (Hawkins et al., 2001). Studies from
tournament play reported varying injury rates, from 0.5 per 1000 hours exposure to 29.9 per 1000
hours exposure (Schmidt-Olsen et al., 1985).

Number Age
Division of % Position me.”b‘.” %  Distribution Nymbgr %
L of injuries of injuries
injuries (years)
Premier 618 26 Goalkeeper 223 9 17-22 970 41
1%t Division 712 30 Defender 817 34 23-28 817 34
2" Division 550 23 Midfielder 739 31 29-34 508 21
3" Division 496 21 Forward 597 25 35+ 81 3
Total* 2376 100 2376 99 2376 99

*Percentage totals may be subject to rounding errors associated with individual components.
Table 2. Division, playing position, and age distribution of players playing in England and their injury rates from July
1997 to end of May 1999 (Hawkins et al., 2001).

To ensure the health and safety of professional soccer players, various measures were made to
prevent and control injuries. Data for the injury surveillance system were collected and the factors
that influenced the occurrence of injury were identified.

Hamstring injuries are the most common injury in professional soccer (Ekstrand et al., 2011).
Hamstring injuries often occur from running (Woods et al., 2004). This is because the hamstrings
are active throughout the gait cycle and peak during the terminal swing and early stance phases
(Chumanov et al., 2011). The hamstrings are eccentrically contracted while in maximal length to
decelerate the extending knee and flexing hip (Yu et al., 2008). The eccentric hamstring strength
of the players is a factor in the occurrence of hamstring strain injuries (Aagaard et al., 1998).
Hence, the aim of the second study in the current thesis is to evaluate the eccentric hamstring
strength and injury occurrence in relation to training load data throughout the competitive
season.



1.6. Aims and Objectives

The overall purpose of the present thesis is to investigate the relationship between training load,
match performance, fatigue and non-contact injuries. This will be investigated through the
fulfilment of the following thesis aims:

1. The quantification of training load experienced by players within a professional soccer club
throughout a competitive season.

2.  To determine the changes to training load according to the number of matches in a week.

3. To determine the neuromuscular response during weekly microcycles of different soccer
training and match loads among professional soccer players.

4.  To evaluate the eccentric hamstring strength and injury occurrence in relation to training
load data throughout the competitive season.

The successful completion of the above aims will enable a deeper understanding of the
relationship between training load monitoring and match performance. This will be accomplished
by the following:

1. Quantification of training periodisation practices employed by an elite soccer team will be
determined through analysis of external training load data using applied methods of data
collection throughout a competitive season.

2. The quantification of the daily training load of weeks with 1 match and weeks with 2 matches.

3. The neuromuscular response to a weekly microcycle of soccer training will be evaluated
through the use of vertical jump assessment in professional soccer players.

4. Quantification of eccentric hamstring strength via Nordic eccentric hamstring curls and
comparing the data with hamstring injury occurrence.



CHAPTER 2: Literature Review

2.1. Physiological Demands of Soccer

Soccer is an intermittent sport that requires players to have high levels of endurance, strength
and power to excel in it (Stolen et al., 2005). During a match, players, on average, cover 10 to 12
km on total distance interspersed in short-term highly intensive running and sprinting activities,
performing an average of 17 bursts of sprinting above 23 km/h (Di Salvo et al., 2007). However,
the majority of the total distance covered were done in low-intensity running and walking. Hence,
high-intensity running and sprints become more important as they are associated with more
decisive periods of the match (Carling et al., 2008). A study using computerised time-motion
analysis had shown that international top-class players perform 28% more high-intensity running
(2.43 compared to 1.90 km) and 58% more sprinting (650 compared to 410 m) than professional
players playing at a lower level (Mohr et al., 2003). These results were reflected in the top teams
of a Danish League where they performed 30 — 40% more high-intensity running than teams in
the middle or bottom in the league (Ingebrigsten et al., 2012). However, another study comparing
the top three English soccer leagues found that the players in the Championship and League 1
(England’s third-tier soccer league) performed more high-intensity running, speeds over 19 km/h,
than players in the Premier League, covering average distances of 803, 881 and 681 m
respectively (Bradley et al., 2013). Similarly, Championship and League 1 players covered more
sprinting distance during a match (308 m and 360 m, respectively) compared to Premier League
players (248 m; Bradley et al., 2013). The differences may be linked to the tactics used and playing
styles in the different leagues. Interestingly, playing against opposition with higher quality might
result in more high-intensity running (Di Salvo et al., 2013), possibly due to lower ball possession
during the match (Lago, 2009). This is likely due to players having to cover more ground to close
down their higher quality opponents and regain ball possession. These results may also indicate
that higher quality players could be more selective in performing high-intensity running during
matches.

Positional difference has an influence on the activity profile of a player during a match. Central
defenders were found to cover the least total distance and engaged in less high-intensity running
compared to those in other positions (Mohr et al., 2003). Central defenders and central defensive
midfielders were found to cover the least high-speed running distance while forwards covered the
most (Dellal et al., 2011). However, other studies had suggested that external midfield players
cover the most high-intensity running distance (Carling et al., 2008).

Other physical demands in soccer include short accelerations, turns, actions with the ball, tackles
and jumps. However, these actions are not included in high-intensity running data as the
interpretation of these movements may differ between coaches and sports scientists. Another
factor they are not recorded as data is because these actions were not counted as high-intensity
running in the first place. For example, most maximal accelerations do not result in the player
reaching the high-intensity running speed but these accelerations were still metabolically taxing
on the player (Osgnach et al., 2010). These actions may also be influenced by the players’ playing
style. The number of tackles and jumps depends on a player’s playing style and their position in
the team as results vary from 3 to 27 and 1 to 36 for tackles and jumps respectively (Mohr et al.,
2003).

2.2. Training Principles and Periodisation

The development of sporting performance is heavily influenced by systematic training. Training to

improve sporting performance is a process that involves progressive manipulation of physical

training load (Manzi et al., 2010). The professional soccer player’s competitive performance is

highly dependent on the complex construct where physical fitness, tactical, technical, mental

aspects and injury resistance are blended (Bompa and Buzzichelli, 2009). Hence, the application of
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training methodology has to be specific to the sport and individual athletes for the athlete to
successfully acquire these attributes. Progression in sports science research has allowed for
evaluation and development of traditional training methodologies (Issurin, 2010).

Periodisation is a theoretical model that provides a framework to plan and systematically vary a
player’s training prescription or programme (Brown and Greenwood, 2005). Variation in the
prescribed training programme is important as sustained exposure to the same training fails to
elicit further adaptations (Morgans et al., 2014a). Constantly having high loading during training
will risk players from fatigue and injury as well (Morgans et al., 2014a). As competition demands
of both individual and team sports typically cover the yearly cycles, coaches and sport scientists
have to plan an ‘annual plan’ for the players to give optimal performances throughout the
competitive season (Bompa and Buzzichelli, 2018). The training periodisation refers to division of
the entire annual plan into smaller periods and training units (Matveyev, 1981). A number of
microcycles make a mesocycle, although there is no fixed number on it. Mesocycles typically vary
in length, ranging from 2 weeks to several months in an annual cycle (Bompa, 2009). An example
of a mesocycle is the pre-season phase. It would be made up of several microcycles to form a
periodised training programme lasting 6 to 8 weeks with the aim to improve the players’ fitness
(Castagna et al., 2013).

2.2.1. Principles of Training Adaptation

The physiological demands of soccer are complex. This complexity arises partly from the
intermittent nature of the game. The intermittent exercise associated with soccer is fuelled by
aerobic and anaerobic energy systems (Morgans et al., 2014a). Therefore, activities and exercises
that stress these energy systems have to be included in the training programmes of soccer
players. Exercises that improve the physical components of fitness of the players, for example
strength and flexibility, must be included in their training programmes to ensure they maintain
their physical fitness and lower their risk of injury throughout the competitive season. Besides,
technical skills such as shooting, passing and dribbling also have to be integrated into the players’
weekly training programmes.

The adaptations from training are key to the development of a player. The supercompensation
phenomenon is based on the interaction between load and recovery during and after exercise.

Work

capability

Phases
Fatigue and Super- Return to pre-load
recovery compensation level

Figure 1. The supercompensation cycle, showing the trend work capability following a single load (Issurin, 2010).

The supercompensation cycle induced by physical work load on the athlete, serving as a stimulus
for further reaction. The single load causes fatigue and acute reduction in the player’s work
capability. This phase occurs approximately 1 to 2 hours after completing an exercise bout and
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causes exercise-induced fatigue. This fatigue can occur in both the central and peripheral systems,
which includes the central nervous and musculoskeletal systems (Davis, 1995). The second phase,
after 24 to 48 hours of post exercise, the player is hit by fatigue and undergoes recovery. Towards
the end of this phase, the player is able to increase his or her work capability and reach pre-load
levels. Electromyographic (EMG) activity and maximal voluntary contraction tests on players going
through this phase of supercompensation have found muscle function to fully restored to baseline
levels (Zainuddin et al., 2006). In the third phase, which occurs 36 to 72 hours after exercise, the
work capability continues to increase beyond the previous level and reaches its peak, which
corresponds to the supercompensation phase. A previous study on MVC had found a secondary
rebound occurring during this phase, resulting in an increase in performance capability (Nicol et
al., 2006). Physiological work capability then returns to the pre-load level in the fourth phase. This
phase occurs 3 to 7 days post exercise. The player has to apply another stimulus to maintain the
physiological adaptations acquired from the exercise bout. If another stimulus was not applied
during this period, a process termed ‘involution’ occurs where the physiological benefits from the
supercompensation phase decrease. However, if the player is exposed to too much high training
stimuli without sufficient recovery time, the ability to adapt to the training stimuli will be
significantly compromised and overreaching may occur (Fry et al., 2006). Hence, it is important
that the time-course of the physiological response to the stimulus is understood for effective
planning of training programmes to reap the optimum training adaptations.

Training programmes for soccer players have to be multidimensional to cater for the
development of energy systems and other components of fitness (Morgans et al., 2014a). Training
sessions focused on development/practice of technical skills and tactical requirements must be
included in annual training plans as well (Morgans et al., 2014a). These sessions frequently take
priority over the course of the season, hence, limiting the amount of physical training during the
season (Morgans et al., 2014a). Therefore, the need to plan training sessions becomes
increasingly important to maximise the performance improvements of the players during
matches.

2.2.2. Principles of Training Periodisation

A major component in training is progressive overload (Pearson et al., 2000). The principle of
progressive overload suggests placing more stress on the exercising musculature than its normal
(Baechle and Earle, 2000). This is necessary for training adaptations to occur. However, it is not
possible to continually train because of the need for adequate recovery (Davis, 1995). Hence,
periodisation is used so that athletes can train and be prepared optimally for competition (Issurin,
2010).

One of the principles of periodisation applicable in soccer is the principle of ‘unity of general and
specialised preparation’. (Issurin, 2010). This principle emphasises on the importance of specific
workloads over a long period of early season training and maintaining general conditions over a
period of frequent competitions (Issurin, 2010). A typical soccer season would be split into pre-
season, in-season and off-season (Reilly, 2006). The pre-season phase is a preparatory phase for
the players where training load would be high as players establish the physical, technical and
psychological bases from which tactical development can occur (Bompa, 2009). With the high
volume of training during this phase, the training load from pre-season is typically higher than
that during in-season (Jeong et al, 2011). The high training load allows physiological adaptations
to occur so the players are able to tolerate the high demands from training and matches during
the in-season phase. During the in-season phase, the main goals of this phase are to dissipate
fatigue and elevate preparedness, maintaining sport-specific fitness and development of technical
and tactical knowledge (Bompa, 2009). Finally, the off-season phase allows players to recover
physiologically and psychologically after long periods of competition. Players during this phase do
minimal training before starting off with light training as they transition into the pre-season
phase. Consequently, they limit the effects of detraining going into the preparatory phase of the
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next season (Reilly, 2006). In professional European soccer, pre-season typically lasts for 6 weeks,
the in-season phase lasts for approximately 40 weeks and the off-season phase lasts for 6 weeks.

In soccer, the application of periodisation strategies is influenced by the external factors that are
beyond the control of coaches and sports scientists, examples include fixture scheduling and
extreme weather. Given that multiple matches would be played in a week, players may only
participate in 2 to 3 training sessions in that cycle, with emphasis on recuperation (Bangsbo et al.,
2006). In a typical week where 1 match is played, coaches have more opportunities to periodise
training to maintain or improve physiological adaptations.

A study was conducted to investigate the effects of congested fixture period on the physical
performance, technical activity and injury rate during matches (Dellal et al., 2015). The
movements of the players in this study were tracked with a computerised player tracking system
at a sampling rate of 25.0 Hz. The physical performance of the players were measured in distances
run in four categories of running intensities: 0.0 — 12.0 km/h (walking and light-intensity running,
Light-IR); 12.1 — 18.0 km/h (low intensity running, Low-IR); 18.1 — 21.0 km/h (moderate intensity
running, MIR) and >21.0 km/h (high intensity running, HIR). Technical performance indicators for
this study were percentage of successful passes, frequency of balls lost, total number of touches
per possession and percentage of duels won. Injury was defined as the time loss injuries in which
players were not capable of participating fully in training and matches because of physical
complaints (Fuller et al., 2006). The results showed that physical and technical performances were
not affected during the congested fixture periods (Dellal et al., 2015). The total injury occurrence
during the congested fixture period was similar to those reported outside these periods.
However, the rate of injury and the mean lay-off duration fluctuated during the periods of
congested fixtures (Dellal et al., 2015).

These results reflect similarly on a study comparing the physical performance of players involved
in @ match against players involved in two matches a week in a European club participating in the
Champions League across two seasons (Dupont et al., 2010). Physical performance indicators for
this study were the total distance covered, high intensity distance (distance covered between 19.0
—24.0 km/h), sprint distance (distance covered over 24.0 km/h) and the number of sprints for the
2 teams (Dupont et al., 2010). The physical performance of the players was not significantly
affected by the number of matches played per week. The injury rates however were significantly
higher for the group involved in two matches the week compared to those playing one match per
week (Dupont et al., 2010). The high injury rate for players playing two matches per week shows
that loads on the players have to be managed more carefully during training. The results of the
two studies imply that playing loads of professional soccer players have the potential to
deteriorate players’ performance and health. Hence, a balance between the training, competition
and recovery is important to maximise players’ performance.

A further approach that could be applied in soccer is the ‘wave-shape design of training
workloads’ as a short term (weekly) planning design. This approach emphasises the need to
alternate days of high and low workloads, sequencing large, medium and small workloads (Issurin,
2010). The biochemical and physiological outcomes from previous studies had supported the
physiological understanding behind this principle (Issurin, 2010). Post-exercise recuperation is as
important as training itself as lower workloads following a training session with a high workload
reduces the risk of fatigue accumulation. Coaches structure their weekly training blocks, termed
microcycles, based on this principle. A microcycle has to be flexible in terms of individual session
content to accommodate the individual player’s working capacity, need for recovery and
competition plan (Stone et al., 2007). A modification to a microcycle will consequently cause the
subsequent training session to be altered as well to maintain the focus of the particular
microcycle, which is for training objectives to be met (Verkhoshansky, 1985). In top level
professional soccer, players will be required to play a competitive match every 3 to 4 days. During
this time, the weekly microcycle will be modified to ensure the players are well prepared as well
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as recovered sufficiently to perform optimally (Impellizzeri et al., 2005). Training volume and
intensity have to be reduced to accommodate for the congestion of fixtures (Impellizzeri et al.,
2005).

There are now various models of training periodisation for both individual and team sports. The
‘three-peak preparation model’ has become the latest commonly recognised modification of
traditional periodisation (Issurin, 2010). It was derived from a one-peak annual plan which was later
developed into a two-peak annual plan before settling on the three-peak preparation model. The
changes made on this periodisation plan was due to the progress in sport facilities, emergence of
multiple competitions and the professionalism of training (Issurin, 2010).
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Figure 2. One-peak, two-peak and three-peak annual cycles. The annual trend of athletic results in relation to the

seasonal best achievement (Issurin, 2010).

There were some limitations to the application of the traditional periodisation model. A major issue
with this model was the lack of energy supply in athletes to constantly perform and train with
diversified workloads (Coffey and Hawley, 2007). Next, athletes do not get sufficient recovery as
different physiological systems have varying periods of recuperation (Bangsbo et al., 1991).
Furthermore, athletes struggle to direct their mental concentration on multiple targets
simultaneously, as demanded in sporting performance (Lidor et al., 2007). Lastly, athletes were
unable to reach their peak multiple times and perform successfully during the entire annual cycle as
intended by the model (Issurin, 2008).

2.2.3. Models of Training Periodisation

The non-linear periodisation model was postulated given the limitations of the traditional model.
This model emphasises on the variation of the intensity of the weekly and daily training sessions.
This model also uses repetition maximum zones to prescribe exercise intensity (Buford et al., 2007).
The non-linear periodisation model was suggested to be more conducive in strength development
as it provides frequent changes in stimuli and periods of recovery with its varying training intensity
and volume (Buford et al., 2007). However, a review comparing linear and non-linear periodisation
models had found no differences in strength development (Harries et al., 2015). The resistance
training programmes evaluated in the review were mainly short-term interventions, making it
difficult to draw conclusions on long-term effects (Harries et al., 2015).

Block periodisation was another approach to periodise training. The taxonomy of block
periodisation is composed of 3 mesocycle blocks: accumulation, transmutation and realisation
(Shantarovich et al., 2006). The accumulation block is for the development of basic abilities such as
general aerobic endurance and strength. The transmutation block focuses on more specific abilities
such as combined aerobic-anaerobic or aerobic endurance, specialised muscle endurance and



proper sport-specific techniques. Lastly, the realisation phase is designed as a pre-competitive
training phase and focuses on competition readiness. In terms of duration of each mesocycle, the
accumulation phase typically lasts the longest, followed by the transmutation phase and lastly the
realisation phase. Block periodisation had been implemented in various sports and had been widely
successful in producing athletic achievements (Pyne and Tourestski, 1993).

Block periodisation is favoured among coaches and athletes, in both team and individual sports,
because it pertains to the possibility of reducing total training volumes (Shantarovich et al., 2006). It
provides for better monitoring of training that focuses on targeted abilities (Issurin and Kaverin,
1985). Lastly, it aids in maintaining mental concentration and motivation levels while directing the
training programmes to a reduced number of targets (Lidor et al., 2007).

2.3. Training Load Monitoring

Soccer training has aspects of physical training and can be described in terms of its process (the
nature of the exercise) or its outcome (anatomical, physiological, biochemical and functional
adaptations) (Impellizzeri et al., 2005 and Impellizzeri et al., 2004). This aspect of training is
referred to as external training load (Morgans et al., 2014a). The physiological stress from the
training is referred to internal training load (Garrett and Kirkendall, 2000). The introduction of
training load monitoring into sports allows coaches and sports scientists to observe and monitor
guantitatively the efforts athletes put into training and matches. The advancement of technology
has made it possible to quantify both internal and external training loads in soccer (Borresen and
Lambert, 2009). External training load can be monitored using global positioning systems (GPS),
which provides an understanding of the individual training load of the players by collecting
detailed data, such as distance covered and average speed (Cummins et al., 2013). Internal
training load measures include heart rates to assess the cardiovascular stress, where data is
collected via heart rate monitors (Achten and Jeukendrup, 2003). The data collected by
monitoring training sessions can be used to enhance training contents and subsequently improve
performance during matches. Effective analysis and feedback to coaches and players are essential
for the improvements to occur (Morgans et al., 2014a).

2.3.1. External Training Load

External training load is the physical work prescribed in the training plan and is determined by the
organisation, quality and quantity of exercise (Coutts et al., 2017). The measures of external
training load are specific to the nature of the training (Impellizzeri et al., 2019). The external
training load in team sports can be typically described as total distance covered (or within specific
speed thresholds), accelerations or metabolic power (Osgnach et al., 2010). Coaches prescribe
training according to external training load for the desired psychophysiological responses in the
players (Impellizzeri et al., 2019).

2.3.2. Global Positioning System

GPS is a satellite-based technology for navigational purposes originally devised for military use
(Cummins et al., 2013). GPS technology requires a receiver to be worn by each player. The
receiver draws on signals from at least four satellites orbiting the Earth to determine positional
information and calculate distances, movement speeds, pathways and even altitude (Larsson,
2003). GPS technology allows three-dimensional movement of an individual or group to be
tracked over time in the air, land or aquatic environments. The development of portable GPS units
widens its usage in a variety of settings, including sports. These units are attached onto players to
track their movements practically (Hartwig et al., 2011). Later, the external load of a player can be
analysed using a dedicated software (Edgecomb and Norton, 2006). Advanced development in
GPS technology had allowed for biofeedback to accompany the traditional external training load
monitoring. The SPI Elite® GPS is capable of monitoring heart rates and recording information
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regarding the frequency and intensity of impacts from tackles and collisions. This data is possible
to collect because of the built-in tri-axis accelerometer which depicts three direction types
(forwards, sideways and backwards). Common parameters used for analysis of external training
load are the total distance and high distance covered during training sessions and matches.
Hence, the current research utilises GPS to monitor the training load of the players during the
training sessions and matches. With it the researcher is able to quantify the training load of the
players from training sessions and how they affect their running performance in matches. The
GPS also allows the researcher to determine the effects of the training sessions on changes in
performances of other tests (hamstring curl and countermovement jump).

The reliability and the validity of the GPS technology have been questioned as there are limited
studies on them (Jennings et al., 2010). Most studies that did assess the reliability and validity of
GPS technology were only limited to technology recording distances and positional data at 1Hz,
with relatively few at 5Hz (Jennings et al., 2010). The GPS technology had developed as well in
terms of data collected at a frequency of 5 Hz instead of 1 Hz during matches and training. A study
was done on twenty elite Australian football players to investigate the reliability and validity of a
specific GPS device (MinimaxX GPS) when data is collected at different frequencies of 1 Hz and 5
Hz (Jennings et al., 2010). The players were assessed on the different movement patterns and
distances common to Australian football (Jennings et al., 2010). The movements assessed were
straight line running, changing of direction and a simulated team sport running circuit, where
there is a combination of sprinting, walking, jogging, maximal sprints, zigzag changing of direction
and a deceleration phase to a stop (Jennings et al., 2010). It was observed that the GPS
substantially underestimated the criterion distance for the striding and sprinting distances, 10 m
and 20 m respectively, for both 1 Hz and 5 Hz (Jennings et al., 2010). It also underestimated the
criterion distance during the tight change of direction trial at all locomotion speeds (Jennings et
al., 2010). The error from the criterion distance in both the tight and gradual change of direction
drills were reduced because of a higher sampling rate regardless of locomotion speed (Jennings et
al., 2010). From an accuracy perspective, the validity decreased as the speed of locomotion
increased over a set distance (Jennings et al., 2010). Jogging, striding and sprinting over 10 m
were associated with the large errors observed (Jennings et al., 2010). However, the validity
improved as the distance increased for all movement speeds for both 1 Hz and 5 Hz (Jennings et
al., 2010). Validity was decreased as speeds increased for both the gradual and tight change of
direction tests (Jennings et al., 2010). Reliability of GPS seems to be greatest in all forms of
locomotion when moving in a straight line with higher sampling rates over longer distances, at a
slower velocity (Jennings et al., 2010). GPS units are also liable to errors in accuracy depending on
the land configuration and the number of satellites available for connection (Carling et al., 2008).
The GPS technology’s inability to accurately assess movements during rapid variations of speed
over short distances scrutinises its usefulness in monitoring players’ training loads during matches
and training sessions. However, these findings do not agree with previous findings regarding the
accuracy and reliability of GPS units as they had reported a test of accuracy results of 4.8% error
rate in measuring total distance covered. Besides, a test on inter-tester reliability reported a
technical error of measurement of 5.5% (Edgecomb and Norton, 2006). These technical errors of
measurements can be considered when interpreting the raw data. Hence, GPS microtechnology is
still widely used in team sports to quantify movement of the players in both training and
competition. The reliability and validity of the GPS technology to quantify movements is still
acceptable to estimate longer distances, as agreed by previous research (Petersen et al., 2009).
Further development to GPS technology is required for sports scientists and coaches to be
confident with its suitability to quantify short, high intensity intermittent running movement
patterns common in team sports.
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2.3.3. Interpretation of Data

In essence, the main purpose of contemporary measurement systems is to gather data from
players concerning events in a match and the players’ physical efforts. The physical efforts were
derived from the data collected on speed, distance and time and compiled to assess the players’
training load.

2.3.3.1. Total Distance

The total distance covered by an individual player would usually be a valuable parameter to
compare between teammates and players of the opposing team to ascertain relative exertion
rates. However, this parameter may not be a reflection of a player’s performance as there are
other factors that might affect the total distance covered. These factors are often beyond the
player’s control and extrinsic in nature. Examples include the team formation, technical actions,
tactical role and the overall playing style of the team. A study had reported that international
South American players covered about 1 km less in total distance than professionals playing in the
English Premier League (Rienzi et al., 2000). It was suggested that the players in the English
Premier League were able to play matches at a high pace sustained longer than their South
American counterparts (Rienzi et al., 2000).

Measuring total distance run may assist coaches on assessing the physical demands of the game
and if current training programmes are adequate to prepare the players for matches. Players in
the English Premier League were able to cover more ground during matches compared to those
playing in the former First Division (before 1992), which implies the need to update fitness
training programmes then (Strudwick and Reilly, 2001). This report was reflected in another study
where the total distance covered data of 300 professional European midfield players showed
similar results (Di Salvo et al., 2007).

The position of the player in the team plays an important role in the total distance covered during
a game. From a coaching perspective, the division of the total distance run for defending and
attacking plays should be looked at to determine whether players are working as much in a
defensive role as they are in attacking. The tactical roles of the player would affect the results as a
more tactically defensive role, such as a holding midfielder, would cover less ground than the
other midfielders when the team is attacking. In a study investigating the work-to-rest ratio by
positional play in rugby league, the forward players completed more work than those playing in
the back positions (1:7 and 1:6 respectively; McLellan et al., 2011). In the same study, the
defensive players were reported to attain higher maximal sprint speed than those playing for
forward roles (McLellan et al., 2011). These findings would be attributed to the field position and
individual sprint characteristics of positional groups (Waldron et al., 2011). This is because field
positions tend to influence sprint performance, whereby defensive wing players have more
ground to sprint into, compared to forwards who are mostly in close proximity with the opposing
players (Waldron et al., 2011). Forwards are also exposed to more contact with the opposing
players, reducing their chances of generating higher speeds (King et al., 2010). In hockey, midfield
players were found to cover the most total distance per match (77 m) followed by defenders (52
m) and strikers (46 m) (Gabbett, 2010). Midfield players were more involved in linking up play
between the defensive and offensive players as they moved the ball up and down the pitch
(Gabbett, 2010).

Interestingly, it has been reported that elite Australian football players can at times fail to meet
match demands in training (Boyd and Ball, 2008). This appears largely due to high intensity and
high velocity activities being between 18% and 60% lower in training than in actual matches (Boyd
and Ball, 2008). Similarly, the total distance covered in adolescent rugby league training was
higher in matches than in training sessions (Hartwig et al., 2011). However, the activity profile of
training exceeded the ones in matches among cricket players (Petersen et al., 2009).
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Nevertheless, this was only true when conditioning drills alone were taken into account without
including simulation and skill-based drills (Petersen et al., 2009). Hence, it is important to
acknowledge that the type of drill in training affects the activity profile of the players. This is
because there are differences between the players’ activity profiles in open and closed drills,
where open drills tend to be more physically demanding than closed drills (Petersen et al., 2009).

When comparing the total distance covered between teams or individual players, coaches and
practitioners could use this parameter as a comparison between teams of varying levels in
professional soccer. A comparison between top professional Italian players and elite Danish
soccer players reported that the Italians covered more distance during matches (Mohr et al.,
2003). The Danish players in this study were less elite compared to the Italian players to test the
hypothesis of a top-class player is the most demanding (Mohr et al., 2003). Another study done
on the same elite female players competing at both club and international level showed that they
covered significantly higher distance when playing for their country (Andersson et al., 2007).
Hence, it is important to take into account the level of competition and the importance of the
match when interpreting data on analysis of match-play (Carling et al., 2008).

2.3.3.2. Different Zone Classifications

A major parameter often monitored during training sessions and matches is the distance covered
through time spent in motion at different speeds. These different speeds, together with other
parameters, were divided into six activity zones. The upper zones, Zones 4 to 6, provide more
insightful information regarding the players’ training load and exertion during training and
matches. In soccer, the players move at a submaximal level of exertion (Carling et al., 2008). Elite
players were found to spend most of the total game time in low intensity zones, performing
motions such as walking, jogging and standing (Strudwick and Reilly, 2001). In hindsight,
movements in the high intensity zones constitute about 10% of their total distance covered
(Stglen et al., 2005). Research among elite female soccer players reported that national team
players covered a distance of 1.53 to 1.68 km at high speed, more than 18 km/h, while running a
total distance of approximately 10 km in a whole match (Andersson et al., 2010).

Low intensity movements such as jogging, walking and standing may dominate work profiles in a
soccer match, but the outcome of the game is heavily influenced by the successful attempts at
scoring at high speed (Kirkendall, 2007). Elite soccer players were required to run at high intensity
every 60 seconds and perform an all-out sprint every 4 minutes (Strudwick and Reilly, 2001). It
was reported that players in teams that win more points within the same elite league tend to
perform more high-speed running and sprinting in the most intense periods of the game as well
as over the whole games compared to less successful teams (Randers et al., 2007).

There is evidence that showed the average distance and duration of sprints in elite soccer is short,
where sprints are rarely more than 20 m long and tend to last approximately 4 seconds (Di Salvo
et al., 2007). Hence, the players’ ability to accelerate may be a more important attribute than
maintaining maximal speeds throughout the game. A study on rugby union players had found that
forwards start their sprints mostly from standing (41%), walking (29%), jogging (29%) and striding
(13%). Therefore, based on this data, practitioners and coaches could design training programmes
to enhance the players’ ability to perform quicker and more efficient accelerations that could
ultimately impact the outcome of matches.

There is, however, no general consensus to what speed thresholds should be used across all
sports. It was usually the manufacturers of the monitoring systems that derived the movement
demand classifications or they were adapted from rugby union and modified (Docherty et al.,
1988). There were studies that had classified sprints, often Zone 6, as running at speeds of
approximately 23 km/h (Valter et al., 2006), 24 k/h (Roberts et al., 2006) and 30 km/h (Mohr et
al., 2003). The lack of standardised definition of speed thresholds would hinder accurate
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comparison between training load data from different studies. It is also important to highlight
that the GPS reliability is decreased when the player moves over 20 km/h (Gray et al., 2010). This
uncertainty is likely to be stemmed from the rapid changes in velocity that are apparent in high
speed movements such as high intensity running and sprinting (Jennings et al., 2010). However,
the GPS reliability may deteriorate with increased movement intensity, but its validity would
improve because of the increased distance the player travels (Jennings et al., 2010). Nevertheless,
the latest software used to analyse training load data now are allowing practitioners to define
their own speed thresholds, therefore more objective means of analysing and comparing physical
efforts of players according to different intensities of movement are possible (Di Salvo et al,
2007).This fulfils the need to individualise high intensity seed thresholds as players differ in the
speed at which they begin to run a