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SUMMARY

INTERNAL AND EXTERNAL MATCH LOADS OF UNIVERSITY-LEVEL SOCCER
PLAYERS: A COMPARISON BETWEEN METHODS

A need exists to obtain accurate, reliable and valid data to assess the external and internal
loads of soccer matches, especially as it relates to South African soccer teams.
Consequently, the objectives of this study were firstly to determine the fatigue rates and
patterns of a cohort of university-level soccer players during matches when using global
positioning system (GPS) to quantify the high-intensity running performances in rolling 5-min
periods. Secondly, to determine the influence of Yo-Yo intermittent recovery test level 1 (Yo-
Yo IR1) determined training status of a cohort of university-level soccer players on fatigue
patterns and rate during match play. Thirdly, to determine the positional-internal match loads
of a cohort of university-level soccer players by making use of heart rates and the
Yo-Yo IR1-determined threshold values. Lastly, to compare the match analysis results of
different methods aimed at determining the external and internal match loads of a cohort of
university-level soccer players.

Selected groups of university-level soccer players (n = 10-13) were required to complete a
40-m maximum speed test and the Yo-Yo IR1 during a two-week period either before or
after each analysed match. The heart rate (HR) values and GPS data of each player were
recorded during league soccer matches.

For the first and second objectives of the study players were categorised into three activity
level categories (low, moderate and high) according to their activity levels of the first half of
the match. Furthermore, their high-intensity running (> 3.7m/s) (HIR) was monitored in rolling
5-min periods. The low-activity group showed a small to moderate difference (p <0.05) in
high-intensity running (HIR) at 5-min and 15-min after the peak period compared to the
average 5-min period. The moderate-activity group showed a moderate difference (p <0.05)
in HIR at 5-min after the peak period. The high-activity group showed moderate to large
declines in distance covered between the first 15-min of the second half (103.9 m/min)
compared to the first 15-min of the first half (122.5 m/min). They also showed small to
moderate declines in HIR during the first 10-min of the second half (25.7 m/min) compared
to the first half (34.1 m/min). The low-activity group showed a small decline in distance
covered during the first 5-min of the second half (76.3 m/min) compared to the first half (87.7
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m/min). Conversely the low-activity group showed a small to moderate increase in distance
covered during the last 10-min of the second half (95.7 m/min) compared to the first half
(84.4 m/min). The Yo-Yo IR1 was not significantly correlated with any of the variables

associated with HIR.

For the third objective of the study players’ heart rates that corresponded with the first and
second ventilatory thresholds as obtained during a Yo-Yo IR1 were used to classify heart
rates into low (LI HR zone), moderate (Ml HR zone) and high-intensity zones (HI HR zone).
Results showed that attackers spent more time in the LI HR zone (3386 s; 62%; p <0.05)
than defenders (2155 s; 40%) and midfielders (2425 s; 42%). The attackers spent less time
in the HI HR zone (260 s; 4%; p <0.05) than the defenders (964 s; 15%). Midfielders
(2444 s; 44%) and defenders (2364 s; 41%) spent more time in the Ml HR zone than
attackers (1854 s; 44%).

For the fourth objective of the study players’ individualised velocity and heart rate (HR)
thresholds were determined from the 40-m maximum speed test and the Yo-Yo IR1. Results
showed a large (r = 0.5; p <0.01) correlation between the time spent in the LIVZ (5017
368 s) and the LI HR zone (2891 + 1086 s), with the true correlation value that varied
between moderate and large. Similarly, a moderate (r = 0.3; p <0.01) to large (r = 0.6; p
<0.01) correlation was found between the relative (11.4 + 3.7%) and absolute time (669 +
223 s) spent in the MIVZ and the MI HR zone (41.0 + 16.8% and 2253 + 752 s). However,
the true correlation value for the absolute time spent in the Ml zone fell between the large to
very large category, whereas the correlation for the relative time was small to moderate.
There were no significant correlations (p <0.01) between the HIVZ and the HI HR zone.

Although some correlations were found from the Spearman’s rank correlation, when

adjusting for VO,.. and Yo-Yo IR performance these correlations became non-significant.

2max

From these study results it is clear that the Yo-Yo IR1 and 40-m speed test show promise to
be used as valid sports-specific field tests for determining ventilatory thresholds for each
player, the heart rates that correspond to these thresholds and the different velocity
thresholds. The authors therefore recommend that researchers use these methods in future
to determine individualised HR and velocity zones in combination with the GPS analysis
results to define both the internal and external match loads of soccer players. Results of
these analyses could enable future coaches and sport scientists to develop match-specific
conditioning programs that reflect both the internal and external demands of soccer matches

Keywords: match analyses, fatigue, oxygen consumption, velocity, soccer
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OPSOMMING

INTERNE EN EKSTERNE WEDSTRYD DRUKLADINGS VAN UNIVERSITEITSVLAK
SOKKER SPELERS: ‘n VERGELYKING TUSSEN METODES

Die behoefte bestaan daaraan om akkurate, betroubare en geldige data te bekom vir die
assessering van die eksterne en interne drukladings van sokkerwedstryde, veral in die mate
waarin dit verband hou met Suid-Afrikaanse sokkerspanne. Gevolglik was die doelwitte van
hierdie studie eerstens om die uitputtingsgrade en -patrone van 'n kohort universiteitsvlak
sokkerspelers tydens wedstryde te bepaal wanneer die GPS (global positioning system)
gebruik word om die hoé-intensiteit-hardloopprestasies in opeenvolgende 5-minute-periodes
te kwantifiseer. Tweedens, om die invioed van Yo-Yo IR1-bepaalde (Yo-Yo intermittent
recovery test level 1) fiksheidstatus van ’'n kohort universiteitsvlak sokkerspelers op
uitputtingspatrone en -graad terwyl hulle wedstryde speel, te bepaal. Derdens, om die
posisioneel-interne wedstrydladings van 'n kohort universiteitsvlak sokkerspelers vas te stel
deur gebruik te maak van harttempo en die Yo-Yo IR1-bepaalde drempelwaardes.
Laastens, om die wedstrydanalise-resultate van verskillende metodes te bepaal wat daarop
gemik is om die eksterne en interne wedstrydlading van ’'n kohort universiteitsviak
sokkerspelers te bepaal.

Daar is van geselekteerde groepe universiteitsvlak sokkerspelers (n = 10—-13) verwag om 'n
40-m maksimum spoedtoets en die Yo-Yo IR1 tydens 'n periode van twee weke 6f voor 6f na
elke geanaliseerde wedstryd te voltooi. Die harttempo- (HT) waardes en GPS-data van elke
speler is tydens ligasokker-wedstryde opgeneem.

Vir die eerste en tweede doelwitte van die studie is spelers in drie aktiwiteitsvlak-kategorieé
ingedeel (laag, matig en hoog) ooreenkomstig hulle aktiwiteitsvlakke in die eerste helfte van
die wedstryd. Voorts is hul hoé-intensiteit-hardloop (> 3.7m/s) (HIH) in opeenvolgende 5-
min-periodes gemonitor. Die lae-aktiwiteit-groep het 'n klein tot matige verskil (p <0.05) in
HIH 5 minute en 15 minute na die piekperiode getoon, vergeleke met die gemiddelde 5-
minute-periode. Die matige-aktiwiteitsgroep het 'n matige verskil (p <0.05) in HIH 5 minute
na die piekperiode getoon. Die hoé-aktiwiteit-groep het matige tot groot afnames in afstand
wat afgelé is tussen die eerste 15 minute van die tweede helfte (103.9 m/min) getoon
vergeleke met die eerste 15 minute van die eerste helfte (122.5 m/min). Hulle het ook klein
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tot matige afnames in HIH tydens die eerste 10 minute van die tweede helfte (25.7 m/min)
getoon, vergeleke met die eerste helfte (34.1 m/min). Die lae-aktiwiteitsgroep het 'n geringe
afname in afstand wat afgelé is tydens die eerste 5 minute van die tweede helfte getoon
(76.3 m/min), vergeleke met die eerste helfte (87.7 m/min). Hierteenoor het die lae-
aktiwiteits-groep 'n klein tot matige toename getoon in afstand wat afgelé is tydens die laaste
10 minute van die tweede helfte (95.7 m/min), vergeleke met die eerste helfte (84.4 m/min).
Die Yo-Yo IR1 is nie betekenisvol met enige van die veranderlikes wat met HIH geassosieer

word, gekorreleer nie.

Vir die derde doelwit van die studie is spelers se harttempo wat met die eerste en tweede
ventileringsdrempel, soos tydens 'n Yo-Yo IR1 verkry, gebruik om harttempo in lae (LI HT-
sone), matige (Ml HT-sone) en hoé-intensiteit-sones (HI HT-sone) te klassifiseer. Resultate
het getoon dat aanvallers meer tyd in die LI HT-sone deurgebring het (3 386 s; 62%;
p <0.05) as verdedigers (2 155 s; 40%) en middelveldspelers (2 425 s; 42%). Die aanvallers
het minder tyd in die HI HT-sone (260 s; 4%; p <0.05) as die verdedigers (964 s; 15%)
deurgebring. Middelveldspelers (2 444 s; 44%) en verdedigers (2 364 s; 41%) het meer tyd
in die Ml HT-sone bestee as wat die aanvallers bestee het (1 854 s; 44%).

Vir die vierde doelwit van die studie is die spelers se snelheid en harttempo- (HT) drempels
van die 40-m maksimumspoed-toets en die Yo-Yo IR1 bepaal. Resultate het 'n groot
(r=0.5; p<0.01) korrelasie getoon tussen die tyd wat in die Lae Intensiteit Snelheid-sone
(LISS) deurgebring is (5017 £ 368 s) en in die LI HT-sone (2891 £ 1086 s), met die ware
korrelasiewaarde wat varieer tussen matig en groot. Eweneens is 'n matige (r= 0.3; p <0.01)
tot groot (r = 0.6; p <0.01) korrelasie gevind tussen die relatiewe (11.4 £ 3.7%) en absolute
tyd (669 + 223 s) wat in die Matige Intensiteit Snelheid-sone (MISS) en die MI HT-sone (41.0
1 16.8% en 2253 + 752 s) deurgebring is. Die ware korrelasiewaarde vir die absolute tyd wat
in die MI-sone deurgebring is, het egter tussen die groot en baie groot kategorie geval,
terwyl die korrelasie vir die relatiewe tyd klein tot matig was. Geen betekenisvolle korrelasies
(p 0.01) het tussen die HISS en die HI HT-sone voorgekom nie. Hoewel sommige
korrelasies uit die Spearman se rangkorrelasie gevind is, het hierdie korrelasies

niebetekenisvol geword toe daar aangepas is vir \./O en Yo-Yo IR1-prestasie.

2max

Uit hierdie studie-resultate is dit duidelik dat die Yo-Yo IR1 en 40-m spoedtoets belofte toon
om gebruik te word as geldige sportspesificke veldtoetse ter bepaling van
snelheidsdrempels vir elke speler, en die harttempo wat met hierdie drempels korrespondeer

en die verskillende snelheidsdrempels. Die outeurs beveel dus aan dat navorsers hierdie
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metodes in die toekoms moet gebruik om geindividualiseerde HT en snelheid-sones in
kombinasie met die GPS-analise-resultate om beide die interne en eksterne wedstrydladings
van sokkerspelers vas te stel. Resultate van hierdie analises kan toekomstige afrigters en
sportwetenskaplikes help om wedstrydspesifieke kondisioneringsprogramme te ontwikkel
wat beide die interne en eksterne eise wat sokkerwedstryde stel, weerspieél.
Sleutelwoorde: wedstrydanalise, uitputting, suurstofverbruik, snelheid, sokker
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PROBLEM STATEMENT AND PURPOSES OF THE STUDY
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S. STRUCTURE OF THESIS
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1. INTRODUCTION

In order to increase athletic performance it is essential to develop valid and practical
methods for quantifying exercise loads (Eniseler, 2005:799). Soccer is an intermittent sport
where periods of activity differ in intensity and duration and are frequently interspersed with
periods of rest or light activity (Drust et al., 2007:37). Major developments in different match
analysis technologies have enabled researchers to analyse the movement patterns of
players during soccer matches (Carling et al., 2008:840). The better the understanding of the
specific loads placed on soccer players during match-play the more likely it will be that
suitable training and recovery programs will be developed, which may lead to a decrease in
injuries as well as an improvement in performance (MacLeod et al., 2009:121).
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2. PROBLEM STATEMENT

Soccer is the most popular sport in the world and is played both by men and women (Stolen
et al., 2005:502). In recent times, soccer as a professional occupation has become more
attractive due to the financial rewards that have increased considerably (Reilly et al,
2000:669). The popularity of soccer and the substantial financial rewards players and the
coaching staff receive when achieving success have forced conditioning coaches and sport
scientists to use more reliable and accurate methods to analyse the loads of matches,
thereby enabling them to construct effective training programs (Carling, 2011:155; Reilly et
al., 2000:669). Several methods have been used to analyse and determine the loads of
soccer matches, which include the following: manual video tracking (Bloomfield et al., 2007;
Burgess et al., 2006; Mohr et al., 2003), semi-automated video tracking (Bradley et al., 2011;
Carling, 2011; Dellal et al., 2011; Carling, 2010), global positioning system (GPS) analyses
(Buchheit et al., 2011; Randers et al., 2010) and heart rate monitoring and analysis (Mohr et
al., 2004; Helgerud et al., 2001). Unfortunately, to date, no gold standard for determining the
match loads of soccer has been established, but the results of studies that have made use of
these above-mentioned methods have contributed to a better understanding of the demands
of the game.

The emergence of GPS has allowed researchers and sport-related practitioners alike to
make more accurate analyses of soccer matches in a time efficient manner (Barros et al.,
2007:233; Buchheit ef al., 2011; Randers et al., 2010). GPS analysis is also less expensive
than semi-automated video tracking (Di Salvo et al., 2006:117). Studies that used GPS
analyses suggest that semi-professional players cover an average distance of between
10 063 m and 10 274 m during soccer matches (Wehbe et al., 2014:836; Mugglestone et al.,
2013:516; Varley et al, 2013:4). Furthermore, Varley et al. (2013:4) and Wehbe et al.
(2014:836) found that professional players covered these distances at an average intensity
of 104 m/min and 109 m/min respectively. The volume of high-intensity activities performed
during match-play has been found to be a valid measure of physical performance (Mohr et
al., 2003:526). Mugglestone et al. (2013:516) found that semi-professional players covered
16% of the total match distance (1 626 m) via high-speed running and 3% (305 m) via
sprints. In contrast, Wehbe et al. (2014:836) indicated that professional players covered a
distance of 2258 m in the high-intensity running zone (running, high-speed running and
sprinting). Research has found that the ability to perform high-intensity activities, as well as
the total distance covered by semi- and professional soccer players declined during the
second half compared to the first half (Mugglestone et al., 2013; Di Salvo et al., 2009; Mohr
et al.,, 2003). Several studies also found that there is a decline in high-intensity running
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during the final 15-min period of a soccer match (Bradley et al., 2010; Bradley et al., 2009;
Mohr et al., 2003). On the other hand, some investigations revealed that examining 15-min
periods does not offer adequate sensitivity to monitor the fatigue experienced during match-
play (Lovell et al., 2013; Mohr et al., 2003). Therefore several studies have used pre-
determined 5-min intervals to monitor variations in high-intensity activities and found that
after the most intense period during a match there was a drop below the match average in
high-intensity activities during the subsequent 5-min period (Bradley & Noakes, 2013:1632;
Bradley et al., 2010:2348; Bradley et al., 2009:162; Mohr et al, 2003:525). Although
monitoring high-intensity activities during 5- and 15-min periods indicate forms of temporary
and permanent fatigue, using pre-determined intervals, could lead to under- or
overestimations in the percentage of reduction in these activities (Bradley et al., 2010:2349).

Some shortcomings in the literature exist that should be considered when using GPS to
analyse soccer matches. In this regard, Portas et al. (2010:455) found that GPS with faster
sampling rates (5Hz) were more accurate at higher speeds in small spaces than GPS with
slower sampling rates (1Hz GPS). In a more recent study, Varley et al. (2012:125)
concluded that the 10Hz GPS was two to three times more accurate in detecting changes in
velocity and up to six times more reliable than the 5Hz GPS when data with regard to
accelerations, decelerations and constant velocities were compared. Vickery et al.
(2014:1702) also found that both the 10 and 15 Hz devices were valid in determining total
distance covered and peak speed compared to the VICON motion analysis system (Oxford
Metrics, Oxford, UK).

However, although indirect methods of measuring movement intensities provide valuable
insight into the external match loads of players, it oversimplifies the analyses of complex
movements, and does not allow researchers to directly measure the individual physiological
responses of players to different movements (Duthie et al., 2003:98). Studies in which the
match heart rates of soccer players were monitored for determining internal loads have been
reported, which concluded that the average heart rates during matches varied between 82
and 86% of the maximum heart rate (Mohr et al., 2004:157; Helgerud et al., 2001:1929).

However, heart rate values alone do not allow researchers to make accurate assessments of

individuals’ soccer match intensities if oxygen uptake (\702) and heart rates are not

measured concurrently at a variety of intensities (Achten & Jeukendrup, 2003:525). The

direct measurement of \./O2 with a portable gas analyser during a graded maximal test

allows researchers to identify two physiological gas exchange points, namely the ventilatory
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threshold (VT) and the respiratory compensation point (RCP) (Foster & Cotter, 2006:69).
The heart rates that match the exercise intensities below the VT (low-intensity), between the
VT and RCP (moderate-intensity) and above the RCP (high-intensity) can then be used to
classify intensities during matches (Bompa & Haff, 2009:84; Foster & Cotter, 2006:73).
However, to the author’s knowledge no studies have used heart rate values and thresholds
concurrently to determine individual players’ soccer match intensities. Abt and Lovell
(2009:896) used the ventilatory threshold values to analyse players’ sprinting activities
during soccer matches and concluded that players’ individualised thresholds for high-
intensity running were 24% lower than the traditional default values normally used by match
analysis systems. The use of these individual incremental treadmill test-derived values
resulted in a considerable increase (167%) in the total distances covered during high-
intensity sprinting (Abt & Lovell, 2009:286). Sport scientists and coaches should therefore
determine each soccer player's speed and intensity thresholds individually in order to
establish the high-intensity heart rate ranges (Abt & Lovell, 2009:896—-897).

Despite the fact that most researchers make use of a motorised treadmill to perform a

graded maximal test for determining the \./O2 values of athletes and players (Rampinini et

al., 2010; Abt & Lovell, 2009; Esposito et al, 2004; Edwards et al., 2003), the muscle
recruitment patterns and energy demands during a soccer match will likely be different from
those of the treadmill test. The movements during the treadmill-running test are continuous,
forward running at constant speeds compared to a soccer match, which consists of running
different distances, pivoting and making frequent changes in direction while regularly
accelerating and decelerating. The emergence and use of the Yo-Yo intermittent recovery
test level 1 (Yo-Yo IR1) (Bangsbo et al, 2008:37) may provide sport practitioners and

scientists alike with a more sport-specific test to measure the direct VO, and the two

physiological gas exchange points of soccer players. It is possible to determine these
variables using the Yo-Yo IR1 with players wearing a portable gas analyser apparatus.
Significant correlations (p <0.05) also exist between Yo-Yo IR1 results and the amount of
high-intensity running (r = 0.71), the distance covered (r = 0.58) during a soccer match and
the amount of high-intensity running during the final 15-minute periods of each soccer match
half (r = 0.83) (Krustrup et al., 2003:703; Krustrup et al., 2005:1245). These relationships
enable researchers to not only use the Yo-Yo IR1 as an indicator of players’ training status
but also to determine the effect of training status on players’ fatigue patterns and rate during
match-play.
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From the above-mentioned literature it is clear that a need exists to obtain accurate, reliable
and valid data to assess the external and internal loads of soccer matches. An analysis of
the available research also revealed that no researchers have thus far made an attempt to
quantify the match loads of South African university soccer teams. The accurate
quantification of university-level soccer match loads will possibly enable coaches and sport
scientists of university-level soccer teams to compile specific and effective conditioning
programs that prepare the players for the demands of match-play. It is in the light of this
research background and identified shortcomings that the following research questions are
posed: Firstly, what are the fatigue rates and patterns of a cohort of university-level soccer
players during matches when using GPS to quantify the high-intensity running performances
in rolling 5-min periods? Secondly, what influence does Yo-Yo IR1 performance of a cohort
of university-level soccer players have on fatigue patterns and rate during match-play?
Thirdly, what are the positional-internal match loads of a cohort of university-level soccer
players when making use of heart rates and the Yo-Yo intermittent recovery test-
determined threshold values? Lastly, how do the match analysis results of different methods
aimed at determining the external and internal match loads of a cohort of university-level

soccer players compare?

3. OBJECTIVES

The objectives of this study are to:

e Determine the fatigue rates and patterns of a cohort of university-level soccer players
during matches when using GPS to quantify the high-intensity running performances in
rolling 5-min periods.

e Determine the influence of Yo-Yo IR1-determined training status of a cohort of university-
level soccer players on fatigue patterns and rate during match-play.

e Determine the positional-internal match loads of a cohort of university-level soccer
players by making use of heart rates and the Yo-Yo IR1-determined threshold
values.

e Compare the match analysis results of different methods aimed at determining the
external and internal match loads of a cohort of university-level soccer players.

4. HYPOTHESES

This study is based on the following hypotheses:

e GPS-determined high-intensity running performances in rolling 5-min periods will indicate
that activity levels during a match have a significant effect on the fatigue patterns and
rates of a cohort of university-level soccer players.
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The Yo-Yo IR1-determined training status of a cohort of university-level soccer players
will have a significant negative relationship with fatigue patterns and rates during match-
play.

The use of the heart rates and the Yo-Yo IR1-determined threshold values of a
cohort of university-level soccer players will show significant positional differences in
internal match loads.

Due to a lack of research with regard to the comparison between methods to
determine the internal and external match loads of university-level soccer players, it is
difficult to compile a hypothesis for this part of the study. From the above-mentioned
argument the researcher would, however, hypothesise that the results of this study will
show that no significant relationships will exist between the external and internal match
loads of a cohort of university-level soccer players.

5. STUCTURE OF THESIS

The thesis will be submitted in article format as approved by the Senate of the North-West

University and will be structured as follows:

Chapter 1:  Problem statement, objectives and hypotheses. A bibliography is provided at

the end of the chapter in accordance with the guidelines of the North-West

University.

Chapter 2:  Literature review: Methodologies to determine external and internal match

loads of soccer players. A bibliography is provided at the end of the chapter in
accordance with the guidelines of the North-West University.

Chapter 3:  Article 1 — The use of a global positioning system to determine variations in

high-intensity running and fatigue in a cohort of university-level soccer
players. The article will be submitted for publication in the Journal of Science
and Medicine in Sport. A bibliography is presented at the end of the chapter in
accordance with the guidelines of the journal. Although not according to the
guidelines of the journal, tables and figures will be included within the text so
as to ease the reading and understanding of the text. Furthermore, the line
spacing of the article will be set at 1.5 lines instead of the prescribed 2 lines.

Chapter 4:  Article 2 — The use of heart rates and Yo-Yo intermittent recovery test-derived

threshold values to determine the positional, internal match loads of
university-level soccer players. The article will be submitted for publication in
the Journal of Sport Sciences. A bibliography is presented at the end of the
chapter in accordance with the guidelines of the journal. Although not
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according to the guidelines of the journal, tables and figures will be included
within the text so as to ease the reading and understanding of the text.
Furthermore, the line spacing of the article will be set at 1.5 lines instead of
the prescribed 2 lines.

Chapter 5:  Article 3 — Internal and external match loads of university-level soccer
players: A comparison between methods. The article will be submitted for
publication in the Journal of Strength and Conditioning Research. A
bibliography is presented at the end of the chapter in accordance with the
guidelines of the journal. Although not according to the guidelines of the
journal, tables and figures will be included within the text so as to ease the
reading and understanding of the text. Furthermore, the line spacing of the
article will be set at 1.5 lines instead of the prescribed 2 lines.

Chapter 6: Summary, conclusions, limitations and recommendations.
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1. Introduction

Soccer is one of the most popular sports in the world played by men, women and children
(Tessitore et al. 2005:1365). The popularity of the sport as well as the substantial financial
rewards offered for success (Reilly et al. 2000:669) have highlighted the importance of
obtaining accurate and reliable data with regard to the movement and physiological match
loads of soccer players. A greater understanding of the loads placed upon players during
match-play may lead to the development of appropriate training regimens which may in turn
lead to better performances and a decrease in injuries (MacLeod et al., 2009:121). The
match loads of soccer has been the subject of various research publications in recent years
(Osgnach et al., 2010:170) and major developments in different match analysis technologies
have enabled researchers to simultaneously analyse the movement patterns of players and
the general physiological loads of soccer matches (Carling et al, 2008:840). Examining
match loads can refer to the analysis of external loads (average distances covered, type of
movements etc.) as well as internal loads (heart rate values, blood lactate concentrations,
rating of perceived exertion [RPE] etc.) experienced by players during matches. In this
regard semi-automated video tracking, manual video tracking and global positioning system
(GPS) analyses are some of the most popular soccer match analysis methods that have
been used over the past decade to determine the external loads experienced by players
during match-play. However, several studies (Mohr et al., 2004; Helgerud et al., 2001) have
also focussed on the internal loads experienced by players during match-play through the
analyses of heart rate, RPE and blood lactate concentrations. Although both the external
and internal loads experienced by players during matches are important, only a few studies
have investigated methods that are aimed at analysing the internal loads players experience
during soccer matches.

In view of the above-mentioned background, the objectives of this literature review was firstly
to describe the various soccer match analysis methods cited in scientific literature as well as
present the results of research that has used each of the methods to determine soccer
match loads. Secondly, the author explored the limitations of the different methods and
finally, paid attention to other methods that can also be applied to strengthen the accuracy
and validity of soccer match analyses results. Searches of relevant English literature for this
review were narrowed down to include articles from the last decade (2003—2014) which used
male soccer players older than 18 years that had either played at club, provincial (national),
or international level teams. Furthermore, only papers which included a detailed description
of the study methods were considered. In order to achieve the last objective of this review,

15



CHAPTER 2:
LITERATURE REVIEW: METHODOLOGIES TO DETERMINE EXTERNAL AND INTERNAL MATCH LOADS OF SOCCER PLAYERS

the authors also explored non-soccer-related literature that applied alternative analysis
methods which may possibly have the potential of being used for soccer match analysis.

The soccer match analysis methods will be discussed under two categories, namely those
that allow researchers to measure the external match loads of soccer players and those that
allow researchers to measure the internal match loads of soccer players.

2. Methods to determine the external match loads of soccer players

Burgess et al. (2006:334) point out that the movement patterns of in-field sports are
spontaneous, unpredictable and difficult to quantify. Periods of activity differ in intensity and
duration and are frequently interspersed with periods of rest or light activity (Drust et al.,
2007:784). Furthermore, the characteristics of movements are unconventional with players
regularly spinning, shuffling and moving diagonally during matches (Drust et al., 2007:785).
Nevertheless, many researchers have quantified these movements to provide sport
scientists and coaches with a better understanding of the external match loads of soccer
players. Table 1 contains a summary of various methods cited in literature that have been
used to analyse the external match loads of soccer players.
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Table 1: Various match analysis methods used by researchers to analyse the external

match loads of soccer players

Authors Nationality Participation Method Manufacturer
level
Abt & Lovell English Professional Semi-automated ProZone
(2009) video tracking
Barros et al. Brazilian Professional Semi-automated DVideo
(2007) video tracking
Bloomfield et al. English Professional Manual video Player Cam (Sky
(2007) tracking Sports)
Bradley & English Professional Semi-automated ProZone
Noakes (2013) video tracking
Bradley et al. English Professional Semi-automated ProZone
(2009) video tracking
Bradley et al. English Professional Semi-automated ProZone
(2011) video tracking
Burgess et al. Australian Professional Manual video Trak Performance
(2006) tracking
Carling (2010) French Professional Semi-automated AMISCO Pro
video tracking
Carling (2011) French Professional Semi-automated AMISCO Pro
video tracking
Dellal et al. French Professional Semi-automated AMISCO Pro
(2010) video tracking
Dellal et al. English & Professional Semi-automated AMISCO Pro
(2011) Spanish video tracking
Di Mascio & English Professional Semi-automated ProZone
Bradley (2013) video tracking
Di Salvo et al. European Professional Semi-automated AMISCO Pro
(2007) video tracking
Di Salvo et al. English Professional Semi-automated AMISCO Pro
(2009) video tracking
Di Salvo et al. European Professional Semi-automated ProZone
(2010) video tracking
Dwyer & Australian Professional 1 Hz GPS MinimaxX, Catapult
Gabbett (2012) & SPI Elite,
GPSports
Gregson et al. English Professional Semi-automated ProZone
(2010) video tracking
Mohr et al. European Professional Manual video Panasonic
(2003) tracking
Mugglestone et Australian Professional 1Hz GPS SPI Elite, GPSports
al. (2013)
O’Donoghue English Professional Manual video Player Cam (Sky
(2004) tracking Sports)
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Table 1 (cont.): Various match analysis methods used by researchers to analyse the

external match loads of soccer players

Authors Nationality Participation Method Manufacturer
level
Osgnach et al. Italian Professional Semi- SICS
(2010) automated
video tracking
Rampinini et al. European Professional Semi- ProZone
(2007a) automated
video tracking
Rampinini et al. European Professional Semi- ProZone
(2007b) automated
video tracking
Rampinini et al. Italian Professional Semi- SICS
(2009) automated
video tracking
Varley & Australian Professional 5 Hz GPS SPI Pro, GPSports
Aughey (2013)
Varley et al. Australian Professional 5 Hz GPS SPI Pro, GPSports
(2013)
Wehbe et al. Australian Professional 5 Hz GPS SPI Pro, GPSports
(2014)

From Table 1 it is obvious that semi-automated video tracking has been the preferred
method to analyse the external match loads of soccer players during the past decade. From
the 27 soccer match analysis studies identified, the majority of studies (18) used semi-
automated tracking systems whereas studies using GPS and manual video tracking to
analyse soccer matches accounted for five and four studies respectively. In view of the
results that the majority of identified researchers made use of semi-automated video tracking
as a match analysis method the next section will be dedicated to a discussion of this method
and results obtained from using this method. This will be followed by the discussion of the
manual video tracking and GPS match analyses methods.

2.1. Semi-automated video tracking

Semi-automated video tracking systems automatically locate and record the position of
tracked objects (Barris & Button, 2008:1030). It analyses movement patterns in such a way
that movement characteristics as well as work:rest ratios can be quantified (Di Salvo et al.
2006:109). Carling et al. (2008:843) provided a detailed description of how these systems
work: several cameras are permanently fixed to the roof of a stadium to capture the entire
surface of the field. The pitch and stadium are then calibrated in terms of height, length and
width, which are transformed to a 2-D model in order to calculate the positional coordinates
of players. Several methods (i.e. algorithms, trigonometry etc.) can then be used to identify
specific players during match-play. Although the system is primarily automatic, it still requires
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some manual input from a trained operator. Different movement categories are then
established based on movement velocities and are used to determine work:rest ratios. The
categorisation for different movements during a match can also differ between studies and
different systems. The most popular as well as a few alternative classifications will

subsequently be discussed.

2.1.1 Movement categorisation for semi-automated video tracking systems

The locomotor movements performed during a match can be classified into different
categories according to the velocity at which each movement is performed. The two main
systems used for analyses (ProZone and AMISCO) employ different pre-defined
classifications for movement analysis. In this regard the ProZone system uses the following
classification to classify movements according to movement speeds (Bradley & Noakes,
2013:1628; Bradley et al., 2009:160; Bradley et al, 2011a:823; Di Mascio & Bradley,
2013:910; Rampinini et al., 2007a:229; Rampinini et al., 2007b:1019): standing (0—0.6 km/h),
walking (0.7-7.1 km/h), jogging (7.2-14.3 km/h), running (14.4—19.7 km/h), high-speed
running (19.8—25.1 km/h) and sprinting (> 25.1 km/h). High-intensity running is then used as
a collective term for running, high-speed running and sprinting. Recovery time is defined as
the time lapse between high-intensity running bouts (Bradley ef al., 2009:160; Bradley et al.,
2011a:823; Di Mascio & Bradley, 2013:910; Rampinini et al., 2007a:229; Rampinini et al.,
2007b:1019). The AMISCO system uses the following movement speed-related
classification (Barros et al., 2007:235; Carling, 2010:320; Carling et al., 2010:254; Dellal et
al., 2010:280; Dellal et al., 2011:52; Di Salvo et al., 2007:223): 0—11 km/h (standing, walking,
jogging), 11.1=14 km/h (low-speed running), 14.1-19 km/h (moderate-speed running), 19.1—
23 km/h (high-speed running) and >23 km/h (sprinting). Although these classifications are
used by two of the most cited systems (ProZone and AMISCO), several researchers have
used modified or other classifications to describe movements.

For example, Di Salvo et al. (2009:206) and Gregson et al. (2010:238) used a modified
version of the ProZone classification and described high-speed movements as follows: total
high speed running (average running speed >19.8 km/h maintained for at least a 0.5 s time
interval) and total sprint distance (average running speed >25.2 km/h maintained for at least
a 0.5 s time interval). A different movement classification was used by Carling (2011:157) in
a more recent study: 0.0-14.3 km/h (low-to-moderate intensity), 14.4-19.7 km/h (high
intensity) and = 19.8 km/h (very high intensity). Di Salvo et al. (2010:1490) mainly focussed
on the total number of sprints, distance covered by sprinting as well as the percentage of
each sprint type and classified sprints into the following: explosive sprints, which were
described as sprints initiated by a fast acceleration from a standing position or from walking,
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jogging or running movements and occurred at a running speed of >25 km/h, without having
entered the high-speed running zone in the previous 0.5 s. Leading sprints were described
as sprints initiated by a gradual acceleration from a standing position or from walking,
jogging or running movements and occurred at a running speed of >25 km/h without having
entered the high-speed running zone in the previous 0.5s. Sprints were also classified
according to the different sprinting distances: 0-5.0 m, 5.1-10.0 m, 10.1-15.0 m,
15.1-20.0 m and >20 m (Di Salvo et al., 2010:1490). Osgnach et al. (2010:172) used a
different tracking system (SICS, Bassano del Grappa, ltaly) with the following categories to
describe movements: walking (0—8 km/h), jogging (8—13 km/h), low-speed running (13-16
km/h), intermediate-speed running (16—19 km/h), high-speed running (19-22 km/h) and
maximal-speed running (> 22 km/h). They also described different acceleration and
deceleration zones, namely maximal (< =3 m/s?), high (=3 to —2 m/s?), intermediate (-2 to —1
m/s?) and low deceleration (=1 to 0 m/s?) as well as low (0 to 1 m/s?), intermediate (1 to 2
m/s?), high (2 to 3 m/s?) and maximum acceleration zones (3 to 4 m/s?).

2.1.2 Validity, reliability and limitations of semi-automated video tracking systems for match
analysis
Edgecomb and Norton (2006:31) found that their computer-based tracking system
(Trakperformance, Sport-sTec Pty) overestimated the distances covered by players by 5.8 to
7.3%. In contrast, Bradley et al. (2009:161) and Di Salvo et al. (2006:117) reported that the
ProZone system (ProZone version 3.0, ProZone Sports Ltd®, Leeds, UK) showed good inter-
and intra-observer coefficient of variations for distances covered and could therefore be
regarded as an accurate method for determining the distances players cover. The inter-
observer coefficient of variation for total distances covered in all activity categories was <2%
except for sprinting, for which a value of 3.5% was observed (Bradley et al., 2009:161). Also,
the intra-observer coefficient of variation for total distance covered in all movement
categories was <2%, with the exception again of sprinting (2.4%) (Bradley et al., 2009:161).
Di Salvo et al. (2006:117) also concluded that the ProZone system was accurate in
estimating running velocities on the pitch and that these velocities correlated highly (r = 0.99)

with the values derived from timing gates.

Unfortunately certain limitations occur when applying semi-automated video tracking

systems. Firstly, the installation of several cameras and the use of a semi-automated

tracking system are extremely expensive and a dedicated operator is needed to run the data

collection and analysis (Di Salvo et al., 2006:117). Furthermore, analyses can only be done

post-match (Carling et al., 2005:41). Secondly, it is difficult to compare the match analyses

results of different studies that have used semi-automated video tracking systems due to the
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fact that different velocity thresholds are used (Dellal et al., 2010:279; Dwyer & Gabbett,
2012:818). Thirdly, this technique allows researchers to only measure the external match
loads of players and does not provide researchers with direct information with regard to the
internal load of different match play activities (Dellal et al., 2012:2891). Fourthly, due to the
cameras being attached to the roof of the stadium, teams are limited to the analysis of home
games only. Finally, due to the fact that a huge amount of overlap exists between the
speeds and accelerations of the above-mentioned movement classification categories, much

confusion can be created for researchers that wish to use it to classify movements.

2.1.3 Results of semi-automated video tracking match analysis

Although researchers used different systems for analysing matches, they all reported more
or less similar results with regard to the mean total distance covered (9—12 km) by players
during matches (Barros et al., 2007:237; Bradley et al., 2009:162; Bradley et al., 2011a:825;
Carling, 2011:159; Di Salvo et al., 2007:223; Rampinini et al., 2007b:1021). While total
distance covered during a match is important, the ability to repeatedly perform several
sprints with minimal rest in between sprint intervals, also referred to as repeated sprint ability
(RSA), is even more important to field-based team sports (Barbero-Alvarez et al., 2010:232).
Researchers are therefore much more inclined to focus their attention on high-intensity
sprinting activities, which also include RSA, than on the mere distances covered during
matches. For example, Di Salvo et al. (2009:207) found that wide-midfielders (1049 m) and
defenders (911 m) as well as attackers (968 m) covered a significantly (p <0.05) greater
average distance at a high intensity than the central defenders (681 m), whereas attackers
(262 m) and wide midfielders (260 m) covered a significantly (p <0.05) greater average
sprint distance than the central midfielders (217 m) as well as the central (167 m) and wide
defenders (238 m). They also found that 31% of sprints executed during the match could be
classified as explosive sprints and 69% as leading sprints. A similar study revealed that
players performed an average of 136 sprints per match and covered an average distance in
total of 205 m by sprinting (Di Salvo et al., 2010:1491). Of these sprints, most were
performed over an average distance of 0—-5m (Di Salvo et al., 2010:1492). Twenty-three
percent of these sprints were categorized as explosive sprints and 77% as leading sprints
(Di Salvo et al., 2010:1491).

Bradley et al. (2011a) compared positional differences across three playing formations.

Although they did not test for significant differences between playing positions, they found

that midfielders covered the greatest average distance by making use of very high (1 069 m)

or high-intensity running (3 122 m) compared to attackers (992 m and 2524 m) and

defenders (787 m and 2293 m) (Bradley et al, 2011a:825). However, despite these
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differences midfielders had the least time (41s) to recover between high-intensity
movements compared to attackers (50 s) and defenders (64 s) (Bradley et al., 2011a:825).
An earlier study by Bradley et al. (2009:162) showed that players spent an average of 85.4%
of the total match time in low-intensity movements, whereas 9.0% of the total match time
was spent in high-intensity movements. The mean recovery time between high-intensity
running activities was 72 s (Bradley et al., 2009:162). Furthermore, Bradley et al. (2009:162)
reported that players covered 17% and 21% more distance in high-intensity running during
the first 15-min period of the first half compared to the last 15-min periods of the first and
second halves respectively. The peak 5-min period of high-intensity running was 6% higher
than the high-intensity distance covered in the subsequent period and the mean of all other
periods. Osgnach and his colleagues (2010:173) found that players spent 87% of the total
match time in walking or jogging activities, whereas only 3% of the total match time was
spent in high- and maximum-speed running. They also observed that the players spent 78%
of the total match time in the low deceleration and acceleration categories (Osgnach et al.,
2010:174).

In an attempt to establish whether players experienced fatigue during matches, several
researchers also compared the match analyses results of first and second halves. In this
regard Di Salvo et al. (2007:224) found that players covered a significantly (p <0.05) greater
average distance at a low-intensity in the second (3 535 m) compared to the first half
(3496 m). Also, players covered significantly (p <0.05) greater distances at moderate
intensities during the first (1 745 m) compared to the second half (1 668 m) (Di Salvo et al.,
2007:224). However, no significant differences were found between the first and second
halves for the submaximal and maximal intensities (Di Salvo et al., 2007:224). Bradley and
his colleagues (2009:162) also indicated no significant differences in high-speed running and
sprinting between the first and second halves, but showed that players performed more high-
intensity bouts during the first half (n = 279) compared to the second half (n = 267). Bradley
and Noakes (2013:1630) classified players into low, moderate and highly active groups
according to the total distance covered in the first half and found that the total distance
covered for players in the high and moderate groups declined significantly (p <0.01) by
between 4 and 7% during the second half, whereas it did not differ for the low activity group
(Bradley & Noakes, 2013:1630). Furthermore the highly active group showed a 12% decline
in the distance covered in high-intensity running during the second half. In addition to this
Bradley and Noakes (2013:1629) determined the most intense period in the first half and
analysed the subsequent 5-min periods. They found that there was an 8% decline in high-
intensity running (p <0.01) after the most intense period compared to the match average, but
that players recovered back to mean values after the initial 5-min period.
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2.2. Manual video tracking

Manual video tracking is another method that has been used by researchers and sport
practitioners to track players’ movements during match-play. Manual video tracking allows
researchers to determine the requirements of field sports by quantifying the duration of, and
distances covered during, various movements (Spencer et al., 2006:1027). Manual video
tracking is also regarded as an inexpensive technigue for determining the technical demands
of sport movements (Barris & Button, 2008:1027). Similar to semi-automated tracking
systems, activities are also quantified into different movement categories (Duthie et al.,
2003:983). However, manual video tracking requires one or several observers to track
players and their movements during video recordings, which is different from semi-
automated tracking systems which automatically locate and record the position of tracked
objects (Carling et al., 2008:841). However, despite the use of this method since the 1970s
(Spencer et al., 2006:1026), only a few studies have applied this method over the last ten
years for analysing soccer matches.

2.2.1 Movement categorisation for manual video tracking systems

Running, sprinting, shuffling as well as on the spot shuffling are usually classified under the
work category, whereas standing, sitting, walking, jogging and lying in a prone position are
all classified under the rest category (O’Donoghue, 2004:43). Mohr and colleagues
(2003:520) divided movements into the following locomotor movements: standing (0 km/h),
walking (6 km/h), jogging (8 km/h), low-speed running (12 km/h), moderate-speed running
(15 km/h), high-speed running (18 km/h), sprinting (> 30 km/h) and backward running
(10 km/h). In a further analysis these movements were divided into 4 broad categories,
namely standing, walking, low-intensity running (jogging, low-speed running and backward
running) and high-intensity running (moderate-speed running, high-speed running and
sprinting) (Mohr et al., 2003:520). The data of these movements were presented for 5-, 15-,
45-, and 90-min intervals (Mohr et al., 2003:520). Although Burgess et al. (2006:336) used a
similar classification for different movements, the velocities of these movements differed:
walking (0—7 km/h), jogging (7—12 km/h), striding (12—18 km/h), sprinting (18—24 km/h) and
maximum speeds (=24 km/h).

2.2.2 Validity, reliability and limitations of manual video tracking for match analysis

Despite the benefits of manual video tracking, certain limitations need to be considered

when this method is used for analysing soccer matches. For example, O’'Donoghue

(2004:47) found a significant systematic bias in both inter-observer (p <0.01) and intra-

observer agreement (p <0.05) for the different high-intensity activities between matches

evaluated. Di Salvo et al. (2006:109) also highlighted that manual video tracking mainly
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relies on the skills of the observer and the person analysing the video footage. This method
is also extremely time consuming due to the fact that only one player can be analysed at a
time (Barros et al., 2007:233). Manual video tracking cannot be used to analyse activities
during the match, but only afterwards (Edgecomb & Norton, 2006:26). Similar to the problem
of the semi-automated tracking systems’ movement classification categories, an overlap
exists for the running velocities of the manual video tracking systems’ activity classification
categories which may make the categorization of movements difficult.

2.2.3 Results of manual video tracking match analysis

Similar to the results of semi-automated video tracking studies, Burgess et al. (2006:337)
found that midfielders covered significantly (p < 0.05) greater distances (10.1 km) during
matches than attackers (9.9 km) and defenders (8.8 km). Furthermore, Bloomfield et al.
(2007:66) observed that defenders spent significantly (p <0.05) less time running (7.6%) and
sprinting (2.5%) than midfielders (14.6% and 6.4% respectively) and attackers (11.1% and
5.5% respectively). O’'Donoghue (2004:46) mainly focussed his research on high-intensity
movements and concluded that defenders (9.8%) and forwards (10.0%) spent a similar
amount of the total match time in this intensity zone, with midfielders (11.0%) spending
slightly more time in the high-intensity zone. The researchers did, however, not give any
indication of the statistical significance of these differences.

Mohr and colleagues (2003:523) reported that players spent most of the total game time
walking (43%), followed by low-intensity running (30.7%) and high-intensity running (9%).
They also showed that players covered 14-45% less distance in high-intensity running
during the last 15-min period than in the first four 15-min periods of the match (Mohr et al,,
2003:522). These researchers also observed a significant (p <0.05) decrease in distance
covered at high intensity during the 5-min period following the most intense 5-min period
when compared to the average distance covered at high intensity during that half (Mohr et
al., 2003:525).

2.3. Global Positioning System (GPS) technology

The ability of portable data recording systems to process large amounts of data for motion
tracking has improved over the last 10 years (Barris & Button, 2008:1026). Gilobal
positioning system (GPS) technology uses satellites around the earth to locate and track
objects by receiving signals from these satellites via a transmitter (Barros et al., 2007:233).
GPS can give quantitative information on the position, displacement, velocity and
acceleration of players during training or matches (Dwyer & Gabbett, 2012:818). However,
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similar to the above-mentioned methods, movements need to be classified into different
categories according to velocities so that matches can be analysed.

2.3.1 Movement categorisation for GPS

Although Coutts and Duffield (2010:134) did not analyse a soccer match, they used the
following categories and velocity bands for determining the accuracy and reliability of GPS
devices: low-intensity movements (< 14.4 km/h), high-intensity movements (> 14.4 km/h)
and very high-intensity movements (> 20 km/h). In a more recent study, Varley and Aughey
(2013:35) used a more expanded categorisation: walking (0-2.1 m/s), jogging
(2.2-4.16 m/s), high-velocity running (4.17-6.93 m/s), sprinting (= 6.94 m/s) and maximum
acceleration (> 2.78 m/s?). The velocities of sprinting and maximum acceleration overlapped
and were therefore grouped together and termed high-intensity movements (Varley &
Aughey, 2013:35). In the same year, Mugglestone et al. (2013:516) reported the following
movement categories for soccer players in their study: walking (0-6 km/h), jogging
(6—12 km/h), running (12—-15 km/h), high-speed running (> 15 km/h) and sprinting
(> 21 km/h). In the study of Varley et al. (2013:3) the following velocity thresholds or
categories were used to describe movements: low-intensity activities (0-5.4 m/s), high-
velocity running (= 5.5—-10 m/s), sprinting (= 7-10 m/s) and maximal accelerations (= 2.78
m/s?). They also categorised recovery periods between high-velocity running as short
(< 30 s), moderate (30-120 s) or long (= 120 s) recovery periods. In a recent study by
Wehbe et al. (2014:836), they describe the different activities as follows: standing (< 0.6
km/h), walking (0.6—7.1 km/h), jogging (7.2—14.3 km/h), running (14.4—19.7 km/h), high-
speed running (19.8-25.1 km/h) and sprinting (> 25.2 km/h). Furthermore they described the
accelerations and decelerations as follows: moderate-intensity (MI) accelerations
(2.5-4.0 m/s®), MI decelerations (-2.5-4.0 m/s®), high-intensity (HI) accelerations (>4.0 m/s®)
and HI decelerations (<-4.0 ms®). In an attempt to standardise movement categories, Dwyer
and Gabbett (2012) investigated new velocity ranges and also provided a new definition for
sprinting. They recommended the use of the following movement categories for male soccer
players: standing (0.0-0.1 m/s), walking (0.2—2.0 m/s), jogging (2.1-3.7 m/s), running (3.8—
6.0 m/s) and sprinting (6.1 m/s) (Dwyer & Gabbett, 2012:820). Movements were only
classified into the sprinting category when players reached the sprint threshold velocity
and/or when the movement acceleration occurred at the highest 5% of the velocity range
(Dwyer & Gabbett, 2012:823).

2.3.2 Validity, reliability and limitations of GPS for match analysis

Unfortunately, as with the above-mentioned methods, GPS analysis has certain limitations

that need to be considered when performing match analysis. A great number of studies have
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investigated the validity and reliability of the 1 and 5 Hz GPS. Portas et al. (2010:455) found
that both the 1 and 5 Hz GPS (MinimaxX, Team 2.5, Catapult Innovations, Scoresby,
Australia) devices were valid (Standard Error of the Estimate (SEE) = 2.6-2.7% and SEE =
2.9-3.1% respectively) to analyse multidirectional movements, but that the 1 Hz system did
not provide valid and reliable values when multidirectional 180° turns were executed (Portas
et al., 2010:455). Jennings et al. (2010b) also compared the validity and reliability of 1 Hz
and 5 Hz GPS devices (MinimaxX, Team 2.5, Catapult Innovations, Scoresby, Australia) to
analyse movement patterns common to team sports. Their main findings indicated that both
GPS devices underestimated repeated sprinting distances when sprinting took place over
shorter distances (£ 10 m) (Jennings et al., 2010b:334). The higher sampling rate did,
however, improve the validity of the measurements. The validity and reliability of distance
measurements also improved (ie. <10%) as the criterion distances increased, but decreased
as movement velocities increased (Jennings et al.,, 2010b:339). In another study, Barbero-
Alvarez et al. (2010:234) found a strong relationship between peak velocities over 15 and 30
m when measured with a 1 Hz GPS (SPI elite, GPSports, Canberra, ACT, Australia) device
and timing gates. They also reported high test-retest reliability values for the repeated sprint
ability test (RSAT) (Barbero-Alvarez et al., 2010:234).

Gray et al. (2010) determined the validity and reliability of a 1 Hz GPS device (SPI elite,
GPSports, Canberra, ACT, Australia) for measuring distances of movements that had taken
place at different velocities and that were non-linear in nature. They found that the specific
1 Hz GPS device is valid and reliable when measuring slow, linear movements, but
underestimated distances when participants performed high-velocity, non-linear movements
(Gray et al., 2010:1325). In a more recent study, Varley et al. (2012:122) examined the
validity and reliability of a 5 Hz and 10 Hz GPS device (MinimaxX V2.0 and V4.0, Catapult
Innovations, Scoresby, VIC, Australia) respectively during 80 straight-line sprints which
consisted of accelerations as well as decelerations. The 10 Hz GPS device had a superior
validity and inter-unit reliability compared to the 5 Hz GPS device (Varley et al., 2012:126).
The specific GPS device is therefore accurate enough to determine acceleration,
deceleration and constant velocity movements in team sports. Similar to Varley et al. (2012),
Rampinini and his collegues (2014) found the 10 Hz GPS to demonstrate low to moderate
errors (1.9%—-10.5%) for total distance, high-speed running (4.17 m/s) and very high-speed
running (5.56 m/s). Therefore, in view of these research results it can be concluded that an
increased sample rate will enhance the validity and reliability of GPS analyses (Jennings et
al., 2010b:339).
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Jennings et al. (2010a) also examined the variability of two 5 Hz GPS devices (MinimaxX,
Team 2.5, Catapult Innovations, Scoresby, Australia) placed on the same player while
performing team sport-specific movements. They reported that the 5 Hz devices showed
between-unit variability regardless of the distance covered, movement speeds and changes
of direction that occurred (Jennings et al, 2010a:568). Therefore, careful consideration
should be given when comparing players especially if different GPS devices are used. In
another study Coutts and Duffield (2010) determined the validity and reliability of 3 different
1 Hz GPS devices (SPI-10, SPI elite and WiSPI, GPSports, Canberra, Australia) and
observed poor intra-model reliability between the different units when the results of very
high-intensity running movements were compared (Coutts & Duffield, 2010:135).

Even further developments in GPS technology have led to the development of a 15 Hz GPS
device (SPI-ProX, 15 Hz, Firmware V2.4.3, GPSports, Canberra, Australia). In essence this
device is a 10 Hz GPS device to which an accelerometer was added in order to improve the
sampling rate to 15 Hz (Aughey, 2011:306). Two recent studies used trained males to
compare the 15 Hz system to the 10 Hz system (Johnston et al., 2014; Vickery et al., 2014).
Johnston ef al. (2014:1653) found that the 10 Hz GPS devices provided a valid measure
(< 1% error) for total distance covered, but not for the determination of peak speed.
Furthermore Johnston et al. (2014:1654) found that the inter-unit reliability of a 10 Hz device
(1.6% error) was better than a 15 Hz unit (8.1% error) when peak speed was measured.
They also found that the 10 Hz GPS device showed lower levels of error (< 14%) and
stronger intra-class correlations (ICC) coefficients (> 0.8) than the 15 Hz device
(%TEM =< 20%, ICC=>0.75) (Johnston et al., 2014:1654). Further analyses also revealed
that the 15 Hz GPS devices displayed contrasting results and were therefore not deemed to
be valid measuring instruments for determining total distance and peak speed. Previous
research by Waldron et al. (2011:1618) on youth male rugby league players also supported
this finding by observing low validity when accelerometers were used to measure speed and
distance. On the other hand, Vickery et al. (2014:1702) found that both the 10 and 15 Hz
devices were valid in determining total distance covered and peak speed when compared to
the VICON motion analysis system (Oxford Metrics, Oxford, UK).

Although GPS devices seem to be fairly accurate and reliable and provide a good alternative

to the expensive semi-automated video tracking systems, accuracy and reliability are very

much dependant on the sampling rate of the device. The higher the sampling rate, the more

accurate the analyses of small movements at high velocities. Furthermore, in order for

researchers and sport practitioners to determine soccer match loads, GPS devices need to

be worn during matches and unfortunately Fédération Internationale de Football Association
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(FIFA) does not allow players to wear GPS devices during official competitions (Barros et al.,
2007:233), which also include World Cups and Olympic Games (MacLeod et al., 2009:127).

2.3.3 Results of GPS match analysis

Mugglestone and his colleagues (2013:516) found that players covered a total match
distance of 10 163 m of which 16% was via high-speed running and 3% as sprints. However,
they did not observe any significant differences in the number of high-speed runs or sprints
between the first 15 minutes of each half (Mugglestone et al., 2013:516). Varley and Aughey
(2013:37) primarily focussed their study on running accelerations and found that soccer
players performed 8 times more maximal accelerations during match-play than high-velocity
efforts. They also showed that in the majority of cases players accelerated from a standing
start, with 98% of maximum accelerations starting at a velocity of < 4 m/s (Varley & Aughey,
2013:37). Another study found that soccer players showed a significant (p <0.05) decrease
in the relative distance covered in total running (6%), low-intensity activities (6.1%) as well
as the relative number of accelerations (3.6%) from the first to second halves (Varley et al.,
2013:5). Wehbe et al. (2014:836) indicated that professional players covered a distance of
2,258 m in the high-intensity running zone (running, high-speed running and sprinting).

Even though all the above mentioned techniques are of great value to better understand the
external match loads of soccer players, all the methods use the same movement
classification categories for all players. Individual differences in fitness levels and variations
in exercise economy may therefore lead to errors in the estimation of movement
classifications and intensities when using the same categories for all players. Generalizing
the movement classification categories for all the players based on movement velocities may
therefore not be the most accurate method to determine the movement intensities. The
determination of each individual player's maximal speed and the use of a certain percentage
of the maximal speed value to categorise the different players’ movements, may provide one
solution to this problem (Abt & Lovell, 2009:897). In this regard Abt and Lovell (2009:895)
used a treadmill protocol to determine the second ventilatory threshold during a maximal

oxygen uptake (\°/02max) test. The running speed that corresponded to this threshold was

used to categorise soccer match-play movements into high-intensity movements. They
found that the point at which the high-intensity running occurred was 24% slower than the
default guidelines proposed by the ProZone system (Abt & Lovell, 2009:896). Furthermore,
the average distance covered at high-intensities using this individualised method was
substantially higher (2 258 m) than when the default method (845 m) was used (Abt & Lovell,
2009:896).
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Although indirect methods of measuring movement intensities provide valuable insight into
the external match loads of players, it oversimplifies the analyses of complex movements,
and does not allow researchers to directly measure the individual physiological responses of
players to different movements (Duthie et al., 2003:98). The use graded exercise tests to
determine players’ heart rates and maximal oxygen uptake may serve as more accurate
methods for match analyses due to the fact that it will provide researchers an indication of
the physiological strain (or internal match loads) of players. Therefore, the next section will
focus on methods that allow researchers to determine the internal match loads of players.

3. Methods to determine the internal match loads of soccer players as well as other
team-sport players

One of the major limitations of semi-automated video analysis systems and manual video
tracking is that it only focuses on the external match loads of players. Researchers will only
obtain reliable and accurate information with regard to the match loads of team sports if the
last-mentioned methods are combined with methods that are used to measure the internal
match loads of players (Dellal et al., 2012:2891). One of the most common methods used to
determine the internal load of sport participants during exercise is heart rate monitoring.

3.1. Heart rate monitoring

Heart rate monitoring is a valid method for determining and monitoring the physiological or
internal loads experienced by players during match-play or training (Dellal et al., 2012:2902).
In spite of the validity of this method, only two studies that presented the match heart rates
of adult male soccer players could be found. Tessitore et al. (2005:1370) reported that 49%
of the total match time was spent above 85% of the maximum heart rate. It should however
be noted that the average age of these players was 68.2 years. In another study, Edwards
and Clark (2006:134) reported average heart rates of 159.2 bpm for the first and 153.2 bpm
for the second halves of recreational matches. In spite of the availability of studies that
analysed the match heart rate results of soccer players, researchers suggest that sport
practitioners must use individualised heart rate zones when describing the heart rate
responses of players during training and competitions (Dellal et al., 2012:2895). However,
only one study could be found which made use of individualised heart rate zones to
categorise heart rates during soccer matches (Eniseler, 2005).
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3.1.1 Results of an individualised heart rate zone study

Eniseler (2005:800) recommended the use of heart rates that corresponded to the 2 and
4 mM blood lactate concentrations that were obtained during a 20 m shuttle run, to analyse a
pre-season professional soccer match. The results of their study showed that on average
players spent 37% of the soccer match in the heart rate zone that corresponded to the heart
rates between the 2 and 4 mM blood lactate concentration (Ensiler, 2005:801). Furthermore,
50% of the match time was spent in the heart rate zone which corresponded to the blood
lactate concentration of above 4 mM (Ensiler, 2005:801). On average the soccer players
maintained a mean heart rate of 157 bpm during match-play with a maximum heart rate of
203 bpm and a minimum heart rate of 60 bpm (Ensiler, 2005:801).

3.1.2 Limitations of heart rate monitoring

Although heart rate monitoring is an easy and inexpensive method to determine the internal
match loads of players, heart rate can be influenced by several factors that are not only
related to players’ fithess levels. In this regard factors such as the condition of the playing
field, the external temperature, humidity (weather), dehydration and emotional stresses are a
few factors that may lead to estimation errors with regard to the internal match load of
players (Dellal et al., 2012:2901; Esposito et al., 2004:167). Therefore, these factors need to
be monitored closely when using heart rate to describe the internal match loads of players.

3.2. Rating of perceived exertion (RPE)

RPE represents the player's perception of exhaustion and is determined by both the
physiological and the psychological stress that the player experience (Impellizzeri et al.,
2004:1045). RPE can therefore be considered to be a good indicator of the internal training
load (Impellizzeri et al., 2004:1046). Although no one has thus far investigated the validity of
using RPE during soccer matches, Impellizzeri et al. (2004:1046) observed a moderate
correlation between RPE and HR-based methods to determine internal training load.
However, they also concluded that RPE is not a valid substitute for HR monitoring and
should rather be used in conjunction with HR-based methods (Impellizzeri et al., 2004:1046).
Nevertheless, the logistics of monitoring RPE continuously during soccer matches make it
an impractical method to continuously determine internal match loads of soccer players.

3.3. The combined use of heart rates and graded maximal test values

Cardiorespiratory exercise testing during which graded maximal tests are performed may

enable researchers to categorise heart rates into different intensity zones according to

reference heart rate values (Esteve-Lanao et al., 2005:496). The different intensity zones

can then be applied to determine match-play and training intensities (Esteve-Lanao et al.,
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2005:496). Esposito et al. (2004:172) also concluded that the results of laboratory reference
tests together with the match heart rate values of players may enable researchers to
determine the physiological on-field loads that players experience. In view of these
statements, the next section will be dedicated to different studies that used either maximal
laboratory or field tests to categorise the heart rates of individual players.

3.3.1 Results of studies that used heart rates and graded maximal test values
Castagna et al. (2007:91) considered futsal players’ maximum heart rates (HR.x) to be the

maximum heart rate achieved during a maximum oxygen uptake (\./OZmax) test in either the

laboratory or on the field. Heart rates of futsal matches were then classified into the following
categories: low (< 70% of individual HRmax), moderate (70-80% of individual HRnax) and high
intensity (> 85% of individual HR,.x) zones. They found that heart rates achieved by players
during intermittent field movements may have a lower ability to predict aerobic involvement
when compared to continuous exercise (Castagna et al.,, 2007:93). Barbero-Alvarez et al.
(2008:65) monitored the heart rates of players during 4 futsal matches. They used the HR 2«
that each player obtained during the match to determine intensity zones, although these
heart rates were found to be 1-3 bpm higher than the maximal treadmill-determined heart
rates. The heart rates during match-play were classified according to the following
categories: supra-threshold or very vigorous (> 85% HR.ax), aerobic or moderate zone (65—
85% HR.x) and sub-aerobic or low intensity zone (< 65% HRma) (Barbero-Alvarez et al.,
2008:66). The mean heart rate for the 4 matches that were analysed was 174 bpm. They
also discovered that 83% of the match was spent in the very vigorous category, with the
players spending 16% and 0.3% of the total game time in the moderate and low category
respectively (Barbero-Alvarez et al., 2008:68).

Castellano and Casamichana (2010) determined heart rate intensities of beach soccer
matches by using heart rates and GPS values. The Yo-Yo Intermittent Recovery Test 1 (Yo-
Yo IR1) was performed by each player to determine the HR..x. Each player's heart rates
were then categorized according to his HRmax: < 75% HRpax, 76—84% HRmax, 85—89% HRpax
and > 90% HRax (Castellano & Casamichana, 2010:99). They reported that the mean heart
rate during the match corresponded to 86.5% of the HR..x (Castellano & Casamichana,
2010:100). Furthermore, they found that players spent 59.3% of the total match time in the
> 90% HRmax zone (Castellano & Casamichana, 2010:99). Sparks and Coetzee (2013:509)
used a standard graded maximal treadmill test to determine two thresholds, namely the
ventilatory threshold (VT) and the respiratory compensation point (RCP) of Rugby Union

players. The VT was determined by using the criteria of an increase in \./E/\./O2 with no
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increase in \./E/\./002 and departure from the linearity of \./E (Chicharro et al., 2000:452).

The RCP was the point that corresponded to an increase in both \./E/ \'/O2 and \./E/ \./CO2

(Chicharro et al., 2000:452). The heart rates that corresponded to these thresholds were
then used to classify the heart rates into low-, moderate- and high-intensity zones for use
during match analyses. The match analyses revealed that players spent 44% of the match
time in the high-intensity zone (170-185 bpm) and only 23% of the time in the low-intensity
zone (141-152 bpm) (Sparks & Coetzee, 2013:510).

3.3.2 Limitations of the combined use of heart rates and graded maximal test values
Larsson (2003:1094) stated that most physiological tests are conducted in a controlled
laboratory environment and cannot be used to describe and analyse sport-specific
situations. In this regard, Sparks and Coetzee (2013:512) also concluded that more sport-
specific field tests should be used to determine the different threshold dependent heart rates
instead of physiological tests in a laboratory. Team sports such as soccer consist of running
different distances, pivoting and making frequent changes in direction while constantly
accelerating and decelerating (Sparks & Coetzee, 2013:512). The movements during the
treadmill running test are continuous, forward running at constant speeds (Sparks &
Coetzee, 2013:512). The muscle recruitment patterns and energy demands during a team
sport match will therefore be different from those of the treadmill test (Sparks & Coetzee,
2013:512).

The development of portable wireless heart rate monitors and gas analyser apparatus have
made it possible to use a more soccer specific incremental test to determine the two
ventilatory threshold points for categorisation of the different heart rate intensity zones. In
view of this development the potential of using a more soccer-specific field test to determine
the different heart rate intensity zones for use in soccer match analyses will be explored in
the next section.

4. The use of the Yo-Yo IR1 to determine the different heart rate intensity zones for
soccer match analyses

Traditional laboratory tests used for the evaluation of athletes’ aerobic and anaerobic fitness
do not simulate the movement patterns of soccer due to their continuous nature (Meckel et
al,, 2009:164). Similarly, Bradley et al. (2011b:970) pointed out that most tests for

determining VO are continuous in nature whereas soccer is intermittent in nature and

2max
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consists of several bouts of high-intensity activities interspersed by low-intensity activities.
Additionally, Svensson and Drust (2005:608) stated that laboratory testing should be used
as a tool to evaluate general fitness and not sport-specific fitness. A test that meets all the

requirements to possibly serve as a more soccer-specific test to determine the \70 and

2max

different HR intensity zones of players, is the Yo-Yo IR1. The Yo-Yo IR1 is a validated

exercise test that ensures that subjects reach their VO with a significant correlation

2max ’

established between VO and Yo-Yo IR1 results (r = 0.70; p <0.05) (Bangsbo et al.,

2max
2008:47). The Yo-Yo IR1 has been widely applied in many team sports to evaluate players’
abilities to repeatedly perform high-intensity exercise (Bangsbo et al., 2008:38). The Yo-Yo
IR1 can also be used to determine the HRa« Of players (Bangsbo et al., 2008:39).

Krustrup et al. (2003:703) found that Yo-Yo IR1 results significantly (p <0.05) correlated with
the amount of high-intensity running (r = 0.71) as well as the distance covered (r = 0.58)
during a soccer match. They further reported a significant correlation (p <0.05) between Yo-
Yo IR1 results and the amount of high-intensity running during the final 15-minute periods of
each soccer match half (r = 0.83) (Krustrup et al., 2005:1245). Although the last-mentioned
study used elite female soccer players as study subjects, Mohr and colleagues (2010:129)
also found a significant relationship between distance covered during the Yo-Yo IR1 and the
amount of high-intensity running during the final 15 minutes of an elite male soccer match
(r = 0.51). Therefore, these studies suggest that a significant correlation exists between
training status and fatigue development during soccer matches (Krustrup et al., 2005; Mohr
et al., 2010).

From the above-mentioned findings it is apparent that the Yo-Yo IR1 can possibly be used
as a more sport specific field test to possibly predict the fatigue that soccer players will
experience during match play as well as the different HR intensity zones that can be applied
to analyse soccer matches. HR intensity zones can be determined by attaining the VT and
the RCP of players if each player runs the Yo-Yo IR1 while fitted with a valid portable gas
analyser apparatus (Macfarlane & Wong, 2012; Vogler et al., 2010) and a Fix Polar Heart
Rate Transmitter Belt. Although no studies could be found that have tested this notion,
Girard et al. (2005) proved that a squash specific field based test could be used to determine
the VT and RCP of squash players. They also identified different heart rate intensity zones
by making use of this method (Girard ef al., 2005:925). Interestingly they found that there

were no differences in VT and RCP heart rates and percentage of VO values when the

2max
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results of the treadmill test were compared to the results of the sport-specific field test
(Girard et al., 2005:924).

5. Conclusion

Although many studies have described either the external or internal match loads of soccer
players, very few have used a combination of methods to determine both types of loads
during match-play. In view of this problem the objectives of this literature review was firstly to
describe the various soccer match analysis methods that are cited in scientific literature as
well as present the results of research that has used each of the methods to determine
soccer match loads. Secondly, the author explored the limitations of the different methods
and finally, provided a review of other methods that can also be applied to strengthen the
accuracy and validity of soccer match analyses results.

The soccer match analysis methods were discussed under two categories, namely those
that allow researchers to measure the external match loads of soccer players and those that
allow researchers to measure the internal match loads of soccer players. The results of
semi-automated video tracking soccer match analyses studies revealed that the average
total distance covered per match by players was 9-12 km. Literature also showed that
midfielders covered significantly (p <0.05) greater distances in the high-intensity zone
(4 191 m) compared to attackers (3 446 m) and defenders (3 080m). No difference in the
amount of time spent in high-intensity activities between halves were reported. However,
there was evidence of a significant decrease in high-intensity activities after a period of peak
high-intensity activities. Although semi-automated video tracking systems were found to be
fairly accurate, the following limitations need to be considered by users of this systems:
users are confined to the area of installation; the systems are extremely expensive; a well-
trained operator is needed to run the data collection and analysis; lastly the systems make
use of a variety of velocity thresholds between studies, which hamper comparisons.

The affordability of manual video tracking systems has compelled various researchers to
make use of this method to analyse the external match loads of soccer players. Movement
classifications used during manual video tracking are comparable between studies however
the velocity bands at which the different classifications start differ considerably. Similar to the
results of semi-automated video tracking systems, manual video tracking related studies
confirmed that midfielders do the most work during match-play. Studies also found that
players spent 9-11% of the total match time on average in the high-intensity zone.
Furthermore it was reported that players spent a considerable amount of time in the walking
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(43%) and low-intensity running zone (31%). Researchers also showed that there was a
significant decrease (p < 0.05) in distance covered (14—45%) in high-intensity running during
the last 15-min period compared to the first four 15-min periods of the game. Unfortunately
manual video tracking analyses are very time-consuming and its accuracy is dependent on

the skill and experience of the observer.

In contrast with manual video tracking analyses, the availability of GPS has made it possible
for researchers to analyse matches in real-time. In addition to the normal movement
classifications found in semi-automated and manual video tracking studies, acceleration and
deceleration categories were added to GPS analysis studies. GPS-related studies found that
players covered an average distance of approximately 10 km during a match. Studies also
determined that the average time spent in high-intensity movements was 19%. Regrettably
FIFA laws do not allow players to wear GPS units while they are playing soccer matches
which make GPS monitoring of FIFA accredited soccer matches impossible. The accuracy of
GPS is also very dependent on the sampling rate of the units with units that sample at a
higher rate showing greater accuracy. However, GPS units that depend on an accelerometer
to increase the sampling rate as is the case with some 15 Hz GPS units, tend to be less

accurate.

Although all the above-mentioned systems are valuable for determining the external match
loads of soccer players, the results of match analyses alone are not a true reflection of the
demands of soccer match-play if the internal match loads of players are not determined. The
monitoring of heart rates, RPE and the combined use of heart rates and graded maximal test
values enable researchers to also determine players’ internal match loads. Only one study
could be found that used individualised, blood lactate-determined heart rate zones for each
player and reported that players spent 50% of the time in the highest intensity zone (> 4mM
blood lactate concentration). The use of RPE to quantify the internal load of training sessions
can also be valuable, but should not substitute HR monitoring. The use of this measure in
soccer match situations has also not been investigated. A further examination of literature
revealed that several studies used heart rates as well as graded maximal test results to
determine the match loads of team-related sports. Although this method was used on
different team sports, the majority of studies found that the players spent the highest
percentage of match time (44%—83%) in the high-intensity zone. Unfortunately researchers
made use of laboratory instead of field-based tests for determining the different HR intensity
zones. Differences in the muscle recruitment patterns and energy demands between an
intermittent sport match and a laboratory test make the use of sport-specific maximal tests to
determine different heart rate intensity zones of players more accurate and relevant.
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A test that meets all the requirements to possibly serve as a more soccer-specific test for

determining the VO different HR intensity zones as well as training status of players for

2max
3

possible prediction of fatigue development during soccer matches is the Yo-Yo IR. However,

up until now no researchers have determined the VO and different HR intensity zones of

2max
players by making use of the Yo-Yo IR1. Despite this, one study did examine the use of a
squash-specific field-based test for determining squash players’ heart rate intensity zones.

However, they found no differences in VT and RCP heart rates and percentage of VO

2max
values when the results of the treadmill test were compared with the results of the sport-
specific field test.

In conclusion, from this literature review it is clear that there is a need to use methods to
simultaneously analyse both the internal and external match loads of players. It is also
evident that GPS analysis is more accurate than manual video tracking and less expensive
than semi-automated video tracking. The literature presently contains a rather large amount
of data concerning the external match loads of soccer players, but insufficient data exists
with regard to the internal match loads of soccer players. Also, until recently, only a few
researchers have made an attempt to develop methods that can be used to accurately
determine the internal load of team sport participants during match-play. The Yo-Yo IR1 test
does show promise to be used as a valid sports-specific field test for determining
individualised ventilatory thresholds as well as the heart rates that correspond to these
thresholds in order to determine the match intensities of soccer players. The author of this
review therefore recommends that researchers in future use the Yo-Yo IR1 test-obtained
individualised HR zones in combination with the GPS analysis results for determining both
the internal and external match loads of soccer players. Results of these analyses could
enable future coaches and sport scientists to develop match-specific conditioning programs
that reflect both the internal and external demands of soccer matches.
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Abstract

Objectives: To determine the fatigue rates and patterns of soccer players during matches when
using global positioning system (GPS) to quantify the high-intensity running (HIR) performances
in rolling 5-min periods.

Design: The Yo-Yo intermittent recovery test level 1 (Yo-Yo IR1) was performed before 12
soccer matches and GPS data were collected from 28 male players (age 22.1 + 2.5 years)
during each match.

Methods: Match data was categorised into total distance covered and high-intensity running
(HIR) (>3.7 mmin™). These variables were determined for rolling 5-min intervals. Distance
covered in the first half were used to classify players into low- (LAG), moderate- (MAG) and
high-activity groups (HAG).

Results: The LAG showed a small to moderate difference in HIR at 5 min and 15 min after the
peak period compared to the average 5-min period. The MAG showed a moderate difference in
HIR at 5-min after the peak period. The HAG showed moderate to large declines in distance
covered between the first 15min of the second half (103.9 mmin™) and the first half
(122.5 m min™). They also showed small to moderate declines in HIR during the first 10 min of
the second half (25.7 m min™) compared to the first half (34.1 m min"). The LAG showed a
small decline in distance covered during the first 5min of the second half (76.3 m min™)
compared to the first half (87.7 m min™). Conversely the LAG showed a small to moderate
increase in distance covered during the last 10 min of the second half (95.7 + 17.9 m min™)
compared to the first half (84.4 + 17.4 m min™).

Conclusions: First half activity profiles had a significant impact on recovery after the most
intense 5-min period as well as second half performance. This suggests a degree of transient
fatigue.
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1. Introduction

Soccer is an intermittent sport in which periods of activity differ in intensity and duration and
are frequently interspersed with periods of rest or lower-intensity activity.' Major developments
in different match analysis technologies have enabled researchers to analyse the movement
patterns of players during soccer matches.? Global positioning system (GPS) analysis can
provide researchers with quantitative information on the displacements and velocities of players
during training or matches due to its ability to process large amounts of data for motion
tracking.®* One of the benefits of GPS analysis is that researchers can track the duration of
high-intensity activities players perform during certain time periods of the match and can use
changes in the number of these activities to determine the rate of fatigue.>” However, research
suggests that the training status of players may influence the pattern and rate of fatigue during
match-play.® Despite this, very few researchers have analysed changes in high-intensity
activities over the duration of a soccer match in order to determine fatigue rate. Furthermore, no
researchers have to date investigated the possible influence of training status on the fatigue
pattern and rate of soccer players during match-play.

One of the valid measures for physical performance is the volume of high-intensity activities
performed during match-play.® In this regard, Mugglestone et al.° found that semi-professional
players covered 16% of the total match distance (1626 m) via high-speed running and 3%

|10

(305 m) via sprints. On the other hand, Varley et al.” concluded that professional soccer

players only covered a distance of 517 m and 93 m through high-speed running and sprinting

respectively. In contrast, Wehbe et al."’

indicated that professional players covered a distance
of 2258 m in the high-intensity running zone. However, the ability to perform high-intensity
activities, as well as the total distance covered by semi- and professional soccer players
declines during the second half compared to the first half.>®'? Furthermore, several studies
found a decline in high-intensity running towards the final 15-min period of a soccer match.®''
However, other investigations revealed that examining 15-min periods throughout a match was
inadequate to monitor fatigue experienced during matches.®'® Therefore several studies used
pre-determined 5-min intervals to monitor variations in high-intensity activities and found that
after the most intense period a decline below the match average in high-intensity activities
during the subsequent 5-min period occurred.®'>'*'® Although monitoring high-intensity
activities during 5- and 15-min periods indicate periods of transient fatigue, using pre-
determined intervals, could lead to under- or overestimations in the percentage of reduction in
these activities." Therefore Varley et al.’ suggest using a rolling time scale which determines
the distance covered after every time point for the next 5-min period

The Yo-Yo intermittent recovery test level 1 (Yo-Yo IR1) has been applied in many team

sports to evaluate players’ ability to repeatedly perform high-intensity exercise.'” Krustrup et
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al.’® found that Yo-Yo IR1 results significantly (p <0.05) correlated with the amount of high-
intensity running (HIR) (r = 0.71) as well as the distance covered (r = 0.58) during soccer
matches. They further reported a significant correlation (p <0.05) between Yo-Yo IR1 results
and the amount of HIR during the final 15-minute periods of each soccer match half in elite
female soccer players (r=0.83)." Mohr and colleagues® also found a significant relationship
between distance covered during the Yo-Yo IR1 and the amount of HIR during the final 15
minutes of an elite male soccer match (r = 0.51). These relationships may therefore enable
researchers to not only use the Yo-Yo IR1 as an indicator of players’ training status but also to
determine the effect of training status on players’ fatigue patterns during match play.

However, it is still unknown whether a relationship exists between training status, as
determined by the Yo-Yo IR1, and the reduction in HIR after the most intense 5-min period as
an indicator of fatigue rate. In view of the above-mentioned gaps in the literature, the aims of
this study were to: (1) determine the fatigue rates and patterns of a cohort of university-level
soccer players during matches when using GPS to quantify the high-intensity running
performances in rolling 5-min periods and (2) to determine whether the training status of a
cohort of university-level soccer players has an influence on the way players regulate their high-
intensity activities during match-play.

2. Methods

We used participants from the first soccer team of a university in the North West Province
of South Africa. Information was obtained by means of a questionnaire and a test battery. The
objectives as well as possible risks of the study were explained to the players, after which they
completed an informed consent form. The study was approved by the Health Research Ethics
Committee of the Faculty of Health Sciences of the institution where the research was
conducted (NWU-00200-14-A1). The study was conducted according to the ethical guidelines
and principles of the international Declaration of Helsinki. Twenty-eight male players (age 22.1
2.5 years; stature 172.5 + 7.5 cm; mass 63.5 + 9.6 kg) were analysed during 12 A-league
soccer matches. Goalkeepers were not included in the study. For the players’ data to be
included in the study they had to spend at least 50% of the game on the field. In other words in
cases where players for some or other reason left the field before 50% of game time elapsed,
the match data for that participant was excluded. The participants also needed to complete a
Yo-Yo IR1 at least two weeks before or after each match and the participants also needed to be
injury free at the time of testing. All players not adhering to these criteria were excluded from the
study.
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A significant correlation between maximal aerobic oxygen uptake (\./OZmaX) and Yo-Yo IR1

results (r = 0.70, p <0.05) provides evidence that the Yo-Yo IR1 is a valid exercise test for

determining VO,,....'~ All players were familiar with the Yo-Yo IR1 as they had performed it

previously. The test was conducted on a flat, clearly marked 20 m stretch of a grass soccer
field. Players wore their soccer boots during the test. Players were required to run back and
forth on the 20-m track and pace themselves so that the arrival at the end of the 20-m stretch
coincided with the signal that was emitted from a commercially available pre-recorded compact
disc (CD) (Bangsbosport.com, Bangsbosport Aps, Espergaerde, Denmark). Players were
required to cross the marked lines at either end of the 20-m stretch with one foot as the signal
sounded from the CD. Players received a brief 10-s active recovery after each 40-m (2 x 20 m)
shuttle during which they walked back and forth over a 5-m stretch. The test started at a speed
of 10 km h™ and progressively increased until test termination. The test was terminated due to
players voluntarily stopping or when a player could not make it to either end marks of the 20-m
distance within the given signal time in two successive shuttles.

The GPS data of the starting line-up were monitored for the duration of several matches.
Matches were analysed with GPS units sampling at a frequency of 10 Hz (MinimaxX V4.0,
Catapult Innovations, Victoria, Australia) with a minimum of 8 satellites used to determine the
position of each unit. The units were kept under open sky and turned on 10 min before they
were fitted to the upper back of each player by means of a harness. Players were familiar with
the GPS equipment and regularly trained with the units fitted to their backs. Data were obtained
with regard to the distances and velocities of all movements that were executed during each
soccer match. The recordings from the GPS unit were downloaded to a PC and analysed by
making use of the Logan Plus V4.7.1 software (Catapult Sports, Victoria, Australia). The GPS
Doppler data was used during the analyses of the GPS-related variables.

20-21

Several studies tested the validity and reliability of the 10Hz GPS units and

Johnston et al.?’

concluded that the inter-unit reliability of the 10 Hz devices was good (TEM
1.64%) when peak speed was measured. The units were also found to be reliable for measuring
instantaneous velocity (coefficient of variation 1.9-6.0%).%°

For a movement to be recorded as an effort, players had to maintain that velocity for at
least 1 s. The absolute (m) and relative (m min™) total distance covered by players as well as
the absolute (m) and relative (m min™") distance covered at a velocity >3.7m s were recorded
for each player during the matches. This threshold for HIR coincides with previous studies.?*?*
During the matches the most intense period was classified as the peak distance covered in HIR
for a 5-min interval from every time point (e.g. 0-5 min, 1-6 min etc.) sampled. To monitor the

recovery after this period comparisons were drawn between the average 5-min period
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(excluding peak) and the subsequent 5-min periods up to a maximum of 15 min.®'® In a further
analysis the distance players covered during the first half was classified as low, moderate and
high to compare performance during pre-defined 5-min periods in the second half. The data
were sorted using percentiles to produce each level (low: <30th percentile; moderate: 35-65th
percentile and high: =70th percentile) according to the method described by Bradley and
Noakes."®

Analyses were conducted using IBM SPSS Statistics v. 21.0.0.0. Descriptive statistics were
calculated and all variables were normally distributed. Firstly, a bivariate correlation was
performed to determine whether fithess (as measured by the Yo-Yo IR1) correlated with any of
the match variables. Secondly, a factorial analysis of variance (ANOVA) test was performed to
determine whether differences existed between the low-, moderate- and high-activity groups
(based on first-half performance) for all variables. A Bonferroni post-hoc test was subsequently
performed to determine significant differences between these groups. Thirdly, a dependant
t-test was performed to determine whether any differences occurred between the most intense
periods of the match and the subsequent periods. A dependant ftest was also done to
determine any differences between the pre-determined periods of the match. The p-value was
set at < 0.05. Furthermore, effect sizes (ES) and 90% confidence intervals (Cl) were calculated
to determine the practical significance of differences between activity groups and periods. Effect
sizes (ES) were interpreted using a scale of magnitudes: trivial (<0.2), small (0.21-0.6),
moderate (0.61—1.2), large (1.21-2.0) and very large (>2.0).

3. Results

The Yo-Yo IR1 was not correlated with any of the variables associated with HIR and
recovery. Table 1 shows the Yo-Yo IR1 and match variables for all the activity groups. The peak
5-min period (62.5 + 25.7 m min™") of the high-activity group was significantly (p <0.05) higher
than the peak period of the low- (37.4 + 8.7 m min™'; d = 1.3) and moderate-activity group (47.4
+ 10.0mmin"; d = 0.8). In the high-activity group, the subsequent 5-min period
(25.9 + 12.0 m min™) after the peak period was significantly (p <0.05) higher compared to the
low- (13.9 + 8. 5mmin™; d = 1.2) and moderate-activity group (17.5 £ 9.7 mmin™; d = 0.8).
Furthermore, the high-activity group showed higher (p <0.05) values at 10- (30.1 + 13.4 m min™)
and 15 min (29.6 + 14.8 m min™) after the peak period than the low-activity group (17.6 £ 11.3 m
min"; d = 1.0 and 14.3 = 10.4 m min™"; d = 1.2). However, when the post-peak period values
were expressed relative to the peak period no significant differences were found. Figure 1
shows the distance covered (m min™) with HIR for each activity group. When the 5-min periods
following the peak 5-min period are compared with the average distance covered in HIR, the

high-activity group shows small differences (d <0.6) with no statistical significance (p 20.05).
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However, the low-activity group showed a moderate difference in HIR (d = 0.7; Cl = 2.3 10 6.6; p
<0.05) at 5 min and a small difference (d = 0.5; Cl = 0.6 to 6.9; p <0.05) at 15 min after the peak
period compared to the average 5-min period. Similarly, the moderate-activity group also
showed a moderate difference in HIR (d = 0.9; Cl = 4.4 to 9.8; p <0.05) at 5 min after the peak
period, but no significant (d <0.3; p 20.05) difference was observed after that.

53



CHAPTER 3:

THE USE OF A GLOBAL POSITIONING SYSTEM TO DETERMINE VARIATIONS IN HIGH-INTENSITY RUNNING AND FATIGUE IN A COHORT
OF UNIVERSITY-LEVEL SOCCER PLAYERS

Table 1: Yo-Yo IR1 and match variables (mean + s) for low- (28 files), moderate- (27 files) and high-activity (28 files) groups.

Moderate Low vs Mod Low vs High Mod vs High
Variables Low activity activity ngh activity Total Mean difference Mean difference Mean difference
(90% CI) (90% ClI) (90% CI)
Yo-Yo IR1 (m) 1338 +£388 1333445 1422 + 501 1365 + 443 4.3 -84.8 -89.1
(-272.9 to 281.5) (-359.1 to 189.5) (-366.3 to 188.1)
1st half TD (m) 4201 +388% 4938 + 136™° 5520 +256™ 4886 + 612 -736.4 -1318.4 -582.0
(-900.5t0 -572.2)"*  (-1481.0t0-1155.8)""  (-746.2t0 -417.9)""
Peak 5-min (mmin") 37.4+87%  47.4+10.0° 625+257® 491 +19.6 -10.0 -25.2 -15.1
(-19.8 to -0.2)™ (-34.9to -15.4)" (-24.9 to -5.3)™
Post 5-min (m min™) ~ 13.9 + 8.5 175+9.7°  259+12.0® 19.1+11.2 -3.7 -12.0 -8.4
(-9.6 to 2.5) (-18.0 to -5.9)" (-14.5 to -2.3)™
Post 5-min (% of 36.9+221 36.6+19.3 44.4+20.6 39.3+20.7 0.3 7.5 7.8
peak) (-12.0 to 12.6) (-19.8 to 4.9) (-20.2 t0 4.7)
Post 10-min (m min™)  17.6 £+11.3%* 22.8+10.4  30.1 £13.4° 23.3+12.7 -5.1 -12.4 7.3
(-12.7 t0 2.5) (-20.0 to -5.0)™ (-15.1 to 0.5)M
Post 10-min (% of 451232 46.3+182  52.0+21.9 47.7+21.2 1.2 -6.9 5.7
peak) (-14.9 to 12.5) (-20.4 t0 6.7) (-19.8 to 8.5)
Post 15-min (m min™)  14.3 +10.4® 21.1+9.2 29.6 + 14.8° 22.0+13.3 6.8 -15.3 -8.5
(-15.2to 1.6)™ (-23.4 to -7.2)" (-16.6 to -0.4)™
Post 15-min (% of 384258 441+19.0 51.4+243 45.0 +23.5 5.7 -13.0 7.3
peak) (-22.2 10 10.8) (-28.9 t0 2.9) (-23.2 10 8.6)

abc
significant (P < 0.05) differences between corresponding letters. M/L/VL — Moderate/ Large/ Very large/ practical significant effect (d > 0.6/1.2/ 2.0). Yo-Yo IR1 — Yo-Yo Intermittent Recovery test 1; TD — Total distance; Mod —

Moderate; Cl — Confidence interval
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Fig 1: Distance covered (m min™) in high-intensity running (HIR) for the most intense 5-min
period and the subsequent 5-min periods. *Lower (p < 0.05) than the average 5-min period
minus the peak value. Data presented as means and 90% confidence interval.

Figure 2 illustrates the differences between pre-determined 5-min periods for the total
distance (m min™) covered as well as the distance covered (m min") with HIR. The
moderate-activity group showed no significant (p <0.05) differences when comparing the
pre-determined 5-min periods between the first and second halves for both total distance
covered and HIR. However, the high-activity group showed a moderate (d >0.6; p <0.05) to
large (d >1.2; p <0.05) decline in distance covered between the first 15 min of the second
half (103.9 + 255mmin') compared to the first 15min of the first half
(122.5 + 18.8 m min"). They also showed a small (d >0.2; p <0.05) to moderate (d >0.6; p
<0.05) decline in HIR during the first 10 min of the second half (25.7 + 12.0 m min™)
compared to the corresponding period in the first half (34.1 + 14.1 m min™). Furthermore, the
high-activity group showed a moderate (d >0.6; p <0.05) decline in distance covered during
the 70-75" minute compared to the 25-30" minute (105.3 = 23.1 mmin" vs 120.1 +
18.0 m min™) and a small (d >0.2; p <0.05) decline during the last 5-min period of the second
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half compared to the first half (102.3 + 25.7 mmin" vs 116.2 + 29.2 m min™"). The low-
activity group showed a small (d >0.2; p <0.05) decline in distance covered during the first
5 min of the second half (76.3 + 23.6 m min™) compared to the first half (87.7 £ 17.7 m min’
"). Conversely the low-activity group showed a small (d >0.2; p <0.05) to moderate (d >0.6; p
<0.05) increase in distance covered during the last 10 min of the second half (95.7 *
17.9 m min™") compared to the first half (84.4 + 17.4 m min™) as well as a moderate (d >0.6;
p <0.05) increase in HIR during the 80-85™ minute compared to the 35-40™ minute (19.9 +
11.2mmin” vs13.3 +8.7 mmin™).
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Fig 2: Total distance (m min™") and high-intensity running (HIR) distance (m min™") covered

by players during pre-determined 5-min periods. *Significantly (p <0.05) different from

corresponding 5-min period in the first half.
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4. Discussion

This study quantified HIR performance in rolling 5-min periods to determine the fatigue
rate of university-level soccer players during match-play. In addition, we determined whether
training status had an influence on the way university-level soccer players regulated HIR
during match-play. One of the main findings of the study is that first-half match activity levels
had a significant influence on fatigue after the most intense 5-min period as well as on
second-half match performance. What this finding suggests is that performance during the
first half had a significant effect on the fatigue patterns during the match. Furthermore, a
rather surprising finding was that Yo-Yo IR1 determined training status had no influence on
any of the HIR or fatigue-related variables.

To the authors’ knowledge this is the first study to have used a 10 Hz GPS and rolling 5-
min periods to determine the most intense periods in semi-elite competitive soccer matches
and the possible influence of these periods on the subsequent 15 min. In this study the high-
activity group (62.5 m min™') had a significantly higher peak 5-min period than the low-
(37.4 m min") and moderate-activity (47.4 m min™') groups. The first 5-min period after the
peak period was also significantly higher for the high-activity group (25.9 m min) than the
low- (13.9 m min™) and moderate-activity (17.5 m min™") groups. At 10 and 15 min after the
peak period, the high-activity group’s movement speeds (30.1 m min™ and 29.6 m min™)
were still higher than that of the low-activity group (17.6 m min™ and 14.3 m min™). However,
when these post-5-min periods were expressed relative to the peak period of each group no
significant differences were found. A comparison between the 5-min periods after the most
intense 5-min period and the average 5-min period (excluding the peak period) for each
group revealed that none of the high-activity group’s recovery periods differed significantly
from that of the average 5-min period. On the other hand, the low-activity group showed
significantly lower HIR values for both the post-5-min and post-15-min periods, whereas the
moderate-activity group only showed significantly lower values at the post-5-min period.

Although several researchers have also observed that there is a significant decline in

813147 none of them differentiated

the post-5-min period after the most intense period,
between activity levels in the first half. However, Bradley and Noakes'® investigated the post-
10- and post-15-min periods and found no significant decreases in HIR compared to the
average 5-min period. It is important to note that these studies were performed on
professional soccer players whereas our study focused on university-level soccer players.
Despite these differences in participation levels the peak 5-min period (49.1 m min™) for all
groups reported in this study is similar to the values reported by Bradley et al.”
(46.2 mmin”) and Bradley et al."* (48.2 m min™), but the first 5-min period after the peak

period (19.1 mmin™) in this study is slightly lower than the values from those studies
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(25.2m min” and 22.8 m min™). In this regard Mohr et al.?®

suggested that the temporary
decline in HIR during halves was due to the accumulation of potassium which causes
electrical disturbances and negatively influences force production.

When comparing performances between the first and second half, the moderate-activity
group were able to maintain the same distance and HIR distance throughout the entire
match without any significant differences between 5-min periods. However, the low-activity
group showed a decline in distance covered during the first 5 min of the second half.
Interestingly though, the low-activity group covered a higher average distance during the
final 10 min and a higher HIR distance during the 80" min period of the match. In contrast,
the high-activity group showed a decline in distance covered during the first 15 min of the
second half as well as a decrease in HIR during the first 10 min of the second half.
Additionally the same group (high-activity group) also displayed a decrease in distance
covered during the 70—-75" min and 85-90" min periods. These findings are very similar to
those of Bradley and Noakes'® who reported that the high-activity group showed significant
decreases in distance covered and HIR during the first 10 min of the second half. They also
reported declines in distances covered during the 70" and 85" minute for the high-activity
group. However they also reported declines in distance covered during the first 10 min of the
second half for the low- and moderate-activity groups whereas only the low-activity group
showed significant declines in our study. Even though Mugglestone et al.° did not
differentiate between the activity levels of players during the first half, they also reported
declines in HIR during the first 5 min of the second half in semi-professional matches.

The decline in match performance during the first 10 minutes of the second half could
be attributed to the fall in muscle temperature during the half-time break. Mohr et al.?” found
a significant correlation between muscle temperature after the half-time break and HIR
performance during the second half. The results of our study also support notions by others
that players may pace themselves during matches with an end-spurt occurring towards the
end of a match.”'®?® The low-activity group from this study was able to increase the distance
covered during the last 10 min of the match. However, caution is needed before attributing
these results to fatigue or pacing, since several contextual factors may influence these
results including the tactical role of players and the actual time the ball is in play.?
Furthermore, high-intensity activities could be underestimated as accelerations, and
decelerations were not taken into account.

In this study Yo-Yo IR1 performance showed no correlation with any of the locomotor
variables. This is in strong contrast to previous studies which reported strong correlations
with HIR performance in matches.'”'® Furthermore, Mohr et al.® reported a significant
correlation (r=0.51; p <0.05) between Yo-Yo IR1 performance and the distance covered in
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HIR during the last 15 min of a match. It must, however, be noted that participants’ Yo-Yo
IR1 values were very similar and the standard deviation very small. It is therefore possible
that the homogeneity of Yo-Yo IR1 results had led to smaller correlation values.?® However,
it is worth noting that even though there was no significant correlation between Yo-Yo IR1
and the activity profiles, the Yo-Yo IR1 results were better for players in the high-activity
group. This suggests that although Yo-Yo IR1 and the locomotor variables were not directly
associated with each other, the Yo-Yo IR1 performance contributes to a better first-half

performance.

5. Conclusion

To conclude, this is the first study to have used a 10 Hz GPS and rolling 5-min periods
to determine the most intense periods in competitive soccer matches and the possible
influence of these periods on subsequent activity levels during the next 5-min periods.
Furthermore, this is the first study to examine the relationships between training status, HIR
performance and fatigue in semi-elite soccer players during competitive matches. We found
no relationship between Yo-Yo IR1 performance and any of the HIR running and recovery
variables, but it seems that Yo-Yo IR1 performance contributes to a better first-half
performance. Also, first-half activity profiles had a significant impact on recovery after the
most intense 5-min period as well as second-half performance. This suggests a degree of
transient fatigue. Our study also supports the possibility that players pace themselves during
matches with an end-spurt occurring towards the end of a match. However, future studies
should take into account the contextual factors which may influence the match performance

of players.

Practical implications

e Rolling 5-min periods and GPS variables can be used to determine the running
performance and fatigue patterns of university-level soccer players during competitive
matches.

e Conditioning programs should be set up in such a way that it prepares players to
maintain HIR activities after very intense periods of play during soccer matches.

e The distance players covered during the first half affects not only the amount of total
distance covered in the second half, but also the distance covered in HIR. Conditioning
coaches should therefore enable players to maintain their movement rates during the
entire duration of a match.

60



CHAPTER 3:

THE USE OF A GLOBAL POSITIONING SYSTEM TO DETERMINE VARIATIONS IN HIGH-INTENSITY RUNNING AND FATIGUE IN A

COHORT OF UNIVERSITY -LEVEL SOCCER PLAYERS

Acknowledgements

The authors would like to thank the players and coaches for their participation in this

research project. There was no financial support received for this study.

References

1.

10.

11.

12.

13.

Drust B, Atkinson G, Reilly T. Future perspectives in the evaluation of the
physiological demands of soccer. Sports Med 2007; 37(9):783—-805.

Carling C, Bloomfield J, Nelsen L et al. The role of motion analysis in elite soccer.
Sports Med 2008; 38(10):839—-862.

Barris S, Button C. A review of vision-based motion analysis in sport. Sports Med
2008; 38(12):1025—-1043.

Dwyer DB, Gabbett TJ. Global positioning system data analysis: Velocity ranges and
a new definition of sprinting for field sport athletes. J Strength Cond Res 2012;
26(3):818-824.

Mugglestone C, Morris JG, Saunders B et al. Half-time and high-speed running in the
second half of soccer. Int J Sports Med 2013; 34:514-519.

Varley MC, Elias GP, Aughey RJ. Current match-analysis techniques’
underestimation of intense periods of high-velocity running. Int J Sports Physiol
Perform 2012; 7(2):183—185.

Aughey RJ. Australian football player work rate: evidence of fatigue and pacing. Int J
Sports Phys Perform 2010; 5:394—-405.

Mohr M, Mujika |, Santisteban J et al. Examination of fatigue development in elite
soccer in a hot environment: a multi-experimental approach. Scand J Med Sci Sports
2010 20(s3):125—-132.

Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer players
with special reference to development of fatigue. J Sports Sci 2003; 21(7):519-528.
Varley MC, Gabbett T, Aughey RJ. Activity profiles of professional soccer, rugby
league and Australian football match play. J Sports Sci 2013; (ahead-of-print):1-9.
Wehbe G, Hartwig T, Duncan, C. Movement analysis of Australian national league
soccer players using global positioning system technology. J Strength Cond Res
2014; 28(3):834-842.

Di Salvo V, Gregson W, Atkinson G et al. Analysis of high intensity activity in Premier
League soccer. Int J Sports Med 2009; 30(03):205-212.

Bradley PS, Sheldon W, Wooster B et al. High-intensity running in English FA
Premier League soccer matches. J Sports Sci 2009; 27(2):159—168.

61



CHAPTER 3:

THE USE OF A GLOBAL POSITIONING SYSTEM TO DETERMINE VARIATIONS IN HIGH-INTENSITY RUNNING AND FATIGUE IN A

COHORT OF UNIVERSITY -LEVEL SOCCER PLAYERS

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bradley PS, Di Mascio M, Peart D et al. High-intensity activity profiles of elite soccer
players at different performance levels. J Strength Cond Res 2010; 24(9):2343-2351.
Lovell R, Barrett S, Portas M et al. Re-examination of the post half-time reduction in
soccer work-rate. J Sci Med Sport 2013; 16(3):250-254.

Bradley PS, Noakes TD. Match running performance fluctuations in elite soccer:
Indicative of fatigue, pacing or situational influences? J Sports Sci 20183;
31(15):1627—-1638.

Bangsbo J, laia FM, Krustrup P. The Yo-Yo intermittent recovery test. Sports Med
2008; 38(1):37-51.

Krustrup P, Mohr M, Amstrup T et al. The yo-yo intermittent recovery test:
physiological response, reliability, and validity. Med Sci Sports Exerc 2003;
35(4):697-705.

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

Varley MC, Fairweather IH, Aughey RJ. Validity and reliability of GPS for measuring
instantaneous velocity during acceleration, deceleration, and constant motion. J
Sports Sci2012; 30(2):121-127.

Johnston RJ, Watsford ML, Kelly SJ et al. Validity and interunit reliability of 10 Hz
and 15 Hz GPS units for assessing athlete movement demands. J Strength Cond
Res 2014; 28(6):1649—-1655.

Castellano J, Casamichana D. Heart rate and motion analysis by GPS in beach
soccer. J Sports Sci Med 2010; 9(1):98—103.

Di Salvo V, Baron R, Tschan H et al. Performance characteristics according to
playing position in Elite soccer. Int J Sports Med 2007; 28:222-227.

Rampinini E, Coutts AJ, Castagna C et al. Variation in top level soccer match
performance. Int J Sports Med 2007; 28(12):1018—1024.

Hopkins W, Marshall S, Batterham A. et al. Progressive statistics for studies in sports
medicine and exercise science. Med Sci Sports Exerc 2009; 41(1): 3—12.

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

Mohr M, Krustrup P, Nybo L et al. Muscle temperature and sprint performance during
soccer. Scand J Med Sci Sports 2004; 14:156—-162.

Edwards AM, Noakes TD. Dehydration: Cause of fatigue or sign of pacing in elite
soccer? Sports Med 2009; 39:1—13.

62



CHAPTER 3:
THE USE OF A GLOBAL POSITIONING SYSTEM TO DETERMINE VARIATIONS IN HIGH-INTENSITY RUNNING AND FATIGUE IN A
COHORT OF UNIVERSITY -LEVEL SOCCER PLAYERS

29. Hopkins WG. Measures of reliability in sports medicine and science. Sports Med
2000; 30(1):1-15.

63



CHAPTER 4

’
D
\
g N p
N p: e 7
, . o ’ ;




CHAPTER 4:
THE USE OF HEART RATES AND YO-YO INTERMITTENT RECOVERY TEST-DERIVED THRESHOLD VALUES TO DETERMINE THE
POSITIONAL, INTERNAL MATCH LOADS OF UNIVERSITY-LEVEL SOCCER PLAYERS

THE USE OF HEART RATES AND YO-
YO INTERMITTENT RECOVERY
TEST-DERIVED THRESHOLD
VALUES TO DETERMINE THE
POSITIONAL, INTERNAL MATCH
LOADS OF UNIVERSITY-LEVEL
SOCCER PLAYERS

. JOURNAL TITLE PAGE

. ABSTRACT

. INTRODUCTION

. METHODS

Participants

Procedure

Yo-Yo Intermittent Recovery Test Level 1
Determination of ventilatory and heart rate thresholds

Statistical analysis

. RESULTS

. DISCUSSION

. CONCLUSION

. REFERENCES

65



CHAPTER 4:
THE USE OF HEART RATES AND YO-YO INTERMITTENT RECOVERY TEST-DERIVED THRESHOLD VALUES TO DETERMINE THE

POSITIONAL, INTERNAL MATCH LOADS OF UNIVERSITY-LEVEL SOCCER PLAYERS

Title: The use of heart rates and Yo-Yo intermittent recovery test-derived threshold values to
determine the positional, internal match loads of university-level soccer players

Running title: Internal match loads of university-level soccer players

Keywords: heart rate, football, match intensity, aerobic testing

66



CHAPTER 4:
THE USE OF HEART RATES AND YO-YO INTERMITTENT RECOVERY TEST-DERIVED THRESHOLD VALUES TO DETERMINE THE

POSITIONAL, INTERNAL MATCH LOADS OF UNIVERSITY-LEVEL SOCCER PLAYERS

Abstract

The aim of the study was to use heart rates and the Yo-Yo Intermittent Recovery test level 1
(Yo-Yo IR1)-derived thresholds to determine the internal match loads of university-level soccer
players. Players completed a Yo-Yo IR1 while wearing a portable gas analyser. Heart rates that
corresponded to the first and second ventilatory thresholds were used to classify the heart rates
into low- (LI HR zone), moderate- (Ml HR zone) and high-intensity zones (HI HR zone). During
12 soccer matches it was found that attackers (n = 17) spent more total time in the LI HR zone
(3386 s; 62%; P <0.05) than defenders (2155 s; 40%; n = 36) and midfielders (2425 s; 42%; n =
41). The attackers spent less total time in the HI HR zone (260 s; 4%; P <0.05) compared to the
defenders (964 s; 15%). Midfielders (2444 s; 44%) and defenders (2364 s; 41%) spent more
total time in the MI HR zone compared to attackers (1854 s; 44%). This study is the first to show
that the more sport-specific Yo-Yo IR1 test can be used to determine individual, physiologically
defined intensity zones to describe positional differences in the internal match loads of soccer
players.
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Introduction

Soccer is one of the most popular sports in the world and is played both by men and woman at
amateur and professional level (Stglen, Chamari, Castagna & Wislaff, 2005; Tessitore et al.,
2005). The popularity of the sport as well as the substantial financial rewards offered for
success (Reilly, Bangsbo & Franks, 2000), have highlighted the importance of obtaining
accurate, reliable and objective data with regard to the loads placed on players during match-
play (Eniseler, 2005). Until recently, the primary methods that have been employed to determine
the internal match loads of team sport players have included rating of perceived exertion (RPE),
blood lactate concentration and heart rate (HR) monitoring (Eniseler, 2005; Impellizzeri,
Rampinini, Coutts, Sassi & Marcora, 2004) as well as the combined use of heart rates and
graded maximal test values (Sparks & Coetzee, 2013). However, although these methods
provide valuable insight into the internal load experienced by players during match-play, certain
methodological flaws exist which may negatively influence the accuracy of match analysis
results (Sparks & Coetzee, 2013).

Blood lactate sampling during matches are dictated by stoppages in play and in cases
where the time span after high-intensity bouts are too long the blood lactate will be metabolised
before measurements are taken, which will then not reflect the true demands of match-play
(Duthie, Pyne & Hooper, 2003). Also, although RPE is seen as a valid method for quantifying
exercise demands (Eniseler, 2005), it is difficult to collect RPE scores at regular intervals during
a competitive soccer match. HR analyses are therefore regarded as a more accepted method
for the determination of soccer players’ internal match loads, especially when HR is expressed
as a function of maximum HR (HRm.x) (Alexandre et al., 2012). Findings with regard to average
heart rates during university-level soccer matches show that midfielders obtained the highest
average HR (173 bpm) compared to attackers (171 bpm) and defenders (156 bpm) (Ali &
Farrally, 1991). Similarly, Stroyer, Hansen and Klausen (2004) reported an average HR of
172 bpm for youth soccer defenders and a value of 167 bpm both for midfielders and attackers.
Alexandre et al. (2012) concluded that, independent of playing level, soccer players spent 65%
of the total match time between 70 and 90% of the HRay.

However, despite the availability of studies that have analysed the match HR results of
soccer players, researchers suggest that sport practitioners should use individualised HR zones
when describing the HR responses of players during training and competition (Alexandre et al.,
2012). In this regard Eniseler (2005) determined the heart rates that corresponded to the 2 and
4 mM blood lactate concentrations as obtained from a 20-m shuttle run test, to show that on
average 37% of the match was spent in the HR zone that corresponded to the heart rates
between the 2 and 4 mM blood lactate concentrations. Furthermore, they observed that 50% of

the match time was spent in the HR zone which corresponded to the blood lactate concentration
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of above 4 mM. Although the above-mentioned method allowed researchers to determine
individualised HR zones, the accuracy of this method can be questioned. In this regard Faude,
Kindermann and Meyer (2009) showed that the use of the 4 mM threshold value could lead to
an underestimation of the endurance capacity of anaerobically trained sport participants.

Another individualised analysis method uses cardiorespiratory exercise testing by means of
a graded maximal treadmill test in order to determine the ventilatory threshold (VT) and the
respiratory compensation point (RCP) of sport participants (Abt & Lovell, 2009; Sparks &
Coetzee, 2013). Abt and Lovell (2009) used a similar method for determining the running speed
that corresponded to the VT to categorise soccer match-play movements into high-intensity
movements and found that players covered an average distance of 2 258 m at high intensities
during a soccer match. Sparks and Coetzee (2013) also applied this method for determining the
HR intensity zones of team sport participants and revealed that Rugby Union players spent 44%
of the match time in the high-intensity zone (HIZ) (170-185 bpm), 34% in the moderate-intensity
zone (MIZ) (153—-169 bpm) and only 23% in the low-intensity zone (LIZ) (141-152 bpm).

However, in view of the fact that the muscle recruitment patterns and energy demands
during a rugby match are different from those of a treadmill test, a standard incremental
treadmill test may not be the most suitable method for determining the HR intensity zones for
analysing team sport loads (Sparks & Coetzee, 2013). The Yo-Yo Intermittent Recovery Test
level 1 (Yo-Yo IR1) has been widely applied in many team sports to evaluate players’ abilities to
repeatedly perform high-intensity exercise (Bangsbo, laia & Krustrup, 2008) and may possibly
serve as a more sport-specific field test for determining different HR intensity zones. In this
regard, Castellano and Casamichana (2010) used the Yo-Yo IR1 to determine the following HR
intensity zones for analyses of beach soccer matches: < 75% HRpax, 76—84% HRmax, 85-89%
HRmax and > 90% HRqn.. They reported the mean HR during the match to be 86.5% of the
HRax and showed that players spent 59.3% of the total match time at >90% HR .« (Castellano
& Casamichana, 2010). Krustrup et al. (2003) also found significant (P <0.05) correlations
between Yo-Yo IR1 results and the amount of high-intensity running (r = 0.71) and total distance
covered (r=0.58) during a soccer match. These findings suggest that the Yo-Yo IR1 test shows
promise to be used as a valid sport-specific field test to determine the ventilatory thresholds of
individual soccer players as well as heart rates that correspond to these thresholds, in order to
determine the internal match loads of each player. Therefore the aim of the present study was
to use heart rates and the Yo-Yo IR1-derived threshold values for determining the positional,
internal match loads of university-level soccer players. The accurate quantification of university-
level soccer match loads will enable coaches and sport scientists to develop conditioning
programs that prepare players for the specific demands of match-play.
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Methods

Participants

Participants consisted of a selected group of 10 male soccer players that played for the first
team of one of the universities in the North West Province of South Africa. Players’ age, body
stature and mass (mean + s) were 22.6 + 2.5 years; 173.4 £ 7.2 cm and 64.6 £ 9.1 kg
respectively. The players were divided into three positional groups, namely attackers (17 files),
midfielders (41 files) and defenders (36 files). Goalkeepers were excluded from the study.
These players were tested during the competition phase of their periodization cycle, during
which they played 16 matches. Players trained five times a week for 1.5 hours per training
session and played at least one league match per week. The team competed in the provincial
A-league. The objectives of the study were explained to the players, after which they completed
an informed consent form. Ethical approval was granted by the Health Research Ethics
Committee of the Faculty of Health Sciences of the institution where the research was
conducted (NWU-00200-14-A1). The study was conducted according to the ethical guidelines
and principles of the international Declaration of Helsinki and the ethical guidelines of the
National Health Research Ethics Council of South Africa.

Procedure

Twelve A-league matches were analysed. For the players’ data to be included in the study, they
had to spend at least 50% of the match on the field, they needed to complete the Yo-Yo IR1
until exhaustion at least two weeks before or after the analysed matches and they had to be
injury free at the time of testing. In other words in cases where players for some or other reason
left the field before 50% of game time elapsed, the match data for that participant was excluded.
The heart rates of the starting line-up were recorded via Fix Polar Heart Rate Transmitter Belts
(Polar Electro, Kempele, Finland), at 5-second intervals during the course of twelve matches.

Yo-Yo Intermittent Recovery Test Level 1

All players in this study were familiar with the Yo-Yo IR1 test and had performed it at least once
before commencement of the study. The Yo-Yo IR1 test was performed according to the
method of Bangsbo, Mohr, Poulsen, Perez-Gomez and Krustrup (2006). The Yo-Yo IR1 was
chosen as being the preferred test for this study in view of the fact that the test showed
significant correlations (r = 0.71; P <0.05) with the amount of high-intensity running during a
soccer match (Krustrup et al., 2003). The Yo-Yo IR1 has been widely applied in many team
sports to evaluate players’ abilities to repeatedly perform high-intensity exercise (Bangsbo et al.,

2008). A significant correlation between maximal aerobic oxygen uptake (VO.,.,) and
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Yo-Yo IR1 results (r=0.70, P <0.05) also demonstrate that the Yo-Yo IR1 is a valid exercise

test for the determination of players’ VO (Bangsbo et al., 2008).

2max

The test was conducted on a flat, clearly marked 20-m stretch of a grass soccer field.
Players were wearing their soccer boots during the test. Players were required to run back and
forth on a 20-m track and pace themselves so that the arrival at the end of the 20-m stretch
coincided with the signal that was emitted from a commercially available pre-recorded compact
disc (CD) (Bangsbosport.com, Bangsbosport Aps, Espergaerde, Denmark). Players were
required to cross the marked lines at either end of the 20-m stretch with one foot as the signal
sounded from the CD. Each player received a brief 10-s active break after each 40 m (2 x 20 m)
run during which they walked back and forth over a 5-m stretch. The test started at 10 km.h
and the running speed was progressively increased until test termination. The test was
terminated if players voluntarily dropped out or when players could not make it to either end
marks of the 20-m distance within the given signal time in two successive shuttles. The players
were verbally encouraged to perform maximally during each assessment. Prior to each
Yo-Yo IR1, the players performed a warm up of 10 minutes consisting of jogging and dynamic
stretching exercises.

Players performed the Yo-Yo IR1 while wearing a portable gas analyser apparatus
(Metamax 3B, Cortex, Leipzig, Germany) and a Fix Polar Heart Rate Transmitter Belt (Polar

Electro, Kempele, Finland), which were used to sample expired air and HR continuously. The

rate of oxygen consumption (V O,), carbon dioxide production (V CO,), minute ventilation (Ve),

respiratory exchange ratio (RER) and HR for each 5-second period were determined. The

portable gas analyser was calibrated with standard gases before commencement of the test.

The criteria for reaching VO was set as follows: a respiratory exchange ratio-value higher

2max
that 1.15 at test termination; oxygen consumption ceased to rise and reached a plateau or
began to fall even though the work rate continued to increase, or the maximal age-specific HR
was reached (Davis, 2006; McArdle, Katch & Katch, 2010). The MetaMax 3B portable gas
analyser apparatus is regarded to be a reliable and valid gas analyser, slightly overestimating

\702, VCO, and Ve by approximately 4%, 7%, and 4%, respectively compared to an
automated Douglas bag system (Vogler, Rice & Gore, 2010). The MetaMax3B also yields

excellent reproducibility with typical errors of between 2 and 3% for VO,, VCO, and Ve

(Vogler et al., 2010).
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Determination of ventilatory and heart rate thresholds
The following two physiological gas exchange points were also identified to determine the
different HR zones for classification of the match-obtained variables: VT was determined using

the criteria of an increase in Ve/ \./O2 with no increase in Ve/VCO, and departure from the
linearity of \./E (Chicharro, Hoyos & Lucia, 2000). The RCP was taken as the point which

corresponded to an increase in both \./E/\./O2 and \./E/\./CO2 (Chicharro et al., 2000). VT and

RCP were visually detected by two independent experienced observers. This approach has
previously been shown to be reliable (Weston & Gabbett, 2001). Weston and Gabbett (2001)
found a high intra-evaluator reliability (r = 0.91-0.97, P <0.0001) for repeated determinations of
VT1 and VT2 (RCP). The different gas exchange phases were used to determine the heart
rates that corresponded to the three exercise intensities (Chicharro et al., 2000): Heart rates
that correspond to the exercise intensities below VT were classified as low-intensity (LI) heart
rates; heart rates between VT and RCP as moderate-intensity (MI) heart rates; and heart rates
above RCP were classified as high-intensity (HI) heart rates.

Statistical analysis

Ambient temperature was monitored through the South African Weather Service during matches
to enable the researchers to correct for temperature fluctuations during statistical analyses of
the data. The mean temperature throughout the twelve matches was 19.1 + 6.1°C. The HR
values each player obtained during the different matches were categorised into the three
intensity zones (low, moderate and high) according to the Yo-Yo IR1-determined threshold
values. The absolute total time (90 min including injury time) spent in the different zones as well
as the time expressed as a percentage of the total match time (excluding the time before the
matches and half-time) were firstly calculated. The descriptive statistics of these variables were
determined next. A linear mixed model analysis was used to investigate positional differences
with an autoregressive 1 (AR1) structure, using IBM SPSS Statistics (version 21.0.0.0). The
players were entered as subjects and playing positions were entered as fixed effects into the
model. Temperatures measured during each match were inserted as a co-variant to correct for
fluctuations in temperature. However, it was apparent from the analysis that ambient
temperature did not influence any of the performance variables. A Bonferroni post-hoc test was
subsequently performed to determine significant differences between positions. The p-value
was set at P <0.05. Furthermore, effect sizes (ES) and 90% confidence intervals (Cl) were
calculated to determine the practical significance of differences between positional groups.
Effect sizes (ES) were interpreted using a scale of magnitudes (Cohen, 1988) comprising small
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(>0.1), moderate (>0.3), large (>0.5) values and augmented (Hopkins, Marshall, Batterham &

Hanin, 2009) to include very large (>0.7) and extremely large (>0.9) values.

Results
The results from the Yo-Yo IR1 are presented in Table |. The players covered an average

distance of 1 376 m and obtained an average VO,,,, of 57.6 ml.kg".min" at an average HRax

of 192 bpm during the Yo-Yo IR1. The average HR for the Ml HR zone (VT HR) started at 162
bpm (84% of HRn.x) and the average HR for the HI HR zone (RCP HR) at 184 bpm (96% of
HRmax)-

Table I: Results of the Yo-Yo IR1 for defenders (n = 7), midfielders (n = 11) and attackers (n =

4).
Variables Defenders Midfielders Attackers Total
Yo-Yo IRT HRmax (bpm) 191 +7 192+7 193 +7 192+7
Yo-Yo IR 1 distance (m) 1274 + 338 1406 + 508 1470 + 429 1376 + 433
\702 o 57.3+3.6 58.0 £5.4 57.0£10.2 576 £5.7
max (ml.kg.”'-min™')
VT HR (bpm) 161 +9 160 £ 8.5 169 +10 162+ 9
VT HR (%) 84.2+45 83.4+45 87.5+4.4 84.4+45
RCP HR (bpm) 18219 184 +6 188 6 184 +7
RCP HR (%) 95.0+4.4 96.0+£1.5 975+ 1.1 96.0 £2.8

'Y L]
VT HR - Heart rate at the ventilatory threshold; RCP HR — Heart rate at the respiratory compensation point; VO, - Oxygen consumption; VOomax -

Maximum oxygen consumption; Yo-Yo IR1 — Yo-Yo Intermittent Recovery Test 1; bpm — beats per minute

Table Il contains the internal load variables experienced during match-play for the different
positional groups. All the positional groups had similar average heart rates during the matches
with heart rates of 159 bpm, 159 bpm, and 155 bpm for defenders, midfielders and attackers
respectively. Notably, attackers spent more time in the LI HR zone (3386 s £ 991; 62% + 18 of
total time; P <0.05) than defenders (2155 s + 1133; 40% + 21 of total time; d = 1.1) and
midfielders (2425 s + 1158; 42% + 22 of total time; d = 0.9). Moreover the attackers spent less

time in the HI HR zone (260 s * 360; 4% + 6 of total time; P <0.05, d = 0.8) than the defenders
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(964 s + 936; 15% + 16 of total time). Although midfielders only spent statistically (P <0.05)
more relative time (44% + 17 of total time) in the Ml HR zone than attackers (31% + 13 of total
time), midfielders (2444 s + 828; 44% + 17 of total time; d = 0.8), and defenders (2364 s + 676;
41% + 13 of total time; d = 0.7) spent practically more time in the Ml HR zone than did attackers
(1854 s £ 692; 44% * 17% of total time).
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Table II: The internal match load related variables (mean * s) for defenders (36 files), midfielders (41 files) and attackers (17 files).

Att vs Def Def vs Mid Att vs Mid
. Lo . Mean difference Mean difference Mean difference
Variables Defenders Midfielders Attackers All positions
(90% ClI) (90% ClI) (90% ClI)
HRmean (bpm) 159 + 11 159 +9 155 + 11 158 + 10 -4 0 -4
(-11 t0 3) (-51t0 5) (-10t0 2)
LI HR time (s) 2155 £ 11332 2425 +1158° 3386 £991* 2510 + 1196 1231 -270 962
(470 to 1993)F- (-921 to 381) (171 to 1752)""
LI HR relative 39.8 £21.0° 421 £21.5° 61.7+18.4® 448 +221 22 -2 20
time (%) (9 to 35)F (-13t0 8) (7 to 33)\*
MI HR time (s) 2364 + 676 2444 + 828 1854 + 692 2285 + 761 -510 -80 -590
(-1013 to -7)" (-1438 to 1278) (-3189 to 2009)""
MI HR relative 40.6 +13.4 443 +16.7° 30.5+12.6% 40.4 +15.5 -10 -4 -14
time (%) (-20 to -1)- (-11 to 4) (-23 to -5)"*
HI HR time (s) 964 + 936° 640 + 730 260 + 360° 701 + 811 -704 324 -380
(-1233 to -174)"* (-129 to 777) (-930 to 170)
HI HR relative 14.9 + 16° 9.6 +11.9 4.0 +6.0° 10.6 £13.4 -11 5 -6
time (%) (-19 to -3)"" (-1t0 12) (-14 to 3)

ab

significant (P < 0.05) differences between corresponding letters. L/VL/EL — Large/ Very large/ Extremely large practical significant effect (d > 0.5/ 0.7/ 0.9). HI — High-intensity; HR — Heart rate; LI — Low-intensity; Ml — Moderate-

intensity; Att — Attackers; Def — Defenders; Mid — Midfielders; Cl — Confidence Intervals.
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Discussion

To the authors’ knowledge this is the first study to use heart rates and the Yo-Yo IR1-derived
threshold values to determine the internal match loads of university-level soccer players.
Overall the results suggest that this method can be used successfully to calculate soccer
players’ internal match loads. The application of this method showed that university-level
players spent most of their match time in the LI HR zone (44.8%) followed by the MI HR
zone (40.4%) and HI HR zone (10.6%). As mentioned previously, Eniseler (2005) used
lactate reference values to categorise heart rates into low-, moderate- and high-intensity HR
zones. Eniseler (2005) observed remarkably similar values for the total time spent in the Ml
HR zone (37%) by professional soccer players compared to the values of players in this
study (40%). However, in our study players spent more relative time in the LI HR zone (45%)
and considerably less time in the HI HR zone (11%) than did the players in the study of
Eniseler (2005) (14% and 50%). Impellizzeri et al. (2006) used a threshold of 95% of HRyax,
which is similar to the HI HR zone (96% of HR.y) in this study, to investigate the time soccer
players spent in an HI HR zone during a match. They reported a value of 226 s which is
much lower that the value of this study (701 s). However, it is important to note that the
matches in their study were 60-min matches, whereas the match time in the current study
was 90 min (excluding injury time). Therefore players in the current study had much more
time to spend in the HI HR zone.

The positional analyses revealed that attackers spent significantly (P <0.05) more time
in the LI HR zone (3 386 s + 991; 62% = 18 of total time) than defenders (2155 s; 40% of
total time; d = 1.1) and midfielders (2425 s; 42% of total time; d = 0.9). They also spent
significantly (P < 0.05) less time in the HI HR zone (260 s; 4% of total time; d =2 0.8) than the
defenders (964 s; 15% of total time). Although midfielders only spent statistically (P <0.05)
more relative time (44% of total time) in the MI HR zone when than attackers (31% of total
time), midfielders (2444 s; 44% 17 of total time; d = 0.8) and defenders (2364 s; 41% of total
time; d = 0.7) spent practically more time in the Ml HR zone than attackers (1854 s; 44% of
total time). The use of a defensive playing pattern (4-5-1) during matches may partly explain
why defenders spent significantly more time in the HI HR zone than attackers, with attackers
spending most of their match time in the LI HR zone. These results could be ascribed to a
more crowded midfield which may allow attackers to remain in the upper part of the playing
field for longer periods of time while they wait to receive the ball from the midfield.

The three positional groups (defenders, midfielders and attackers) achieved more or
less similar average match heart rates: 159 bpm, 159 bpm, and 155 bpm respectively.
Stroyer (2004) found the average match HR for youth defenders to be 167 bpm compared to
attackers and midfielders who both obtained an average HR of 172 bpm. However, Ali and

76



CHAPTER 4:
THE USE OF HEART RATES AND YO-YO INTERMITTENT RECOVERY TEST-DERIVED THRESHOLD VALUES TO DETERMINE THE
POSITIONAL, INTERNAL MATCH LOADS OF UNIVERSITY-LEVEL SOCCER PLAYERS

Farrally (1991) reported a lower average HR of 156 bpm for university-level soccer
defenders in their study, whereas the midfielders and attackers obtained an average HR of
173 bpm and 171 bpm, respectively.

For purposes of this study the Yo-Yo IR1-derived ventilatory thresholds were used to
divide each player's match heart rates into LI, Ml and HI HR zones according to each
player's VT and RCP. The results of this categorisation showed that the Ml HR zone started
at 84% of the HR.x or 162 bpm and the HI HR zone at 96% of the HRm.x or 184 bpm.
Although these relative thresholds are higher than the thresholds of 80% and 90% of HRax
suggested by Bangsbo (2003), the absolute HR threshold values are very similar (160 and
180 bpm). In contrast, Abt and Lovell (2009) observed lower relative and absolute heart
rates for the HI HR zone (93% of the HRyax, 172 bpm) of soccer players in their study. The
use of a laboratory-based maximal incremental treadmill test instead of a field-based
maximal test for determining the HI zone threshold, may in part explain the differences in
absolute and relative heart rate results (Abt & Lovell, 2009). The Yo-Yo IR1 consists of
repeating a set distance, pivoting and changing direction while constantly accelerating and
decelerating compared to the movements during treadmill running which are continuous,
forward running at constant speeds. The muscle recruitment patterns and energy demands
during the Yo-Yo IR1 are therefore likely to be higher (as indicated by higher absolute and
relative heart rates) than those of the treadmill test.

Researchers agree that laboratory testing should be used as a tool for evaluating
general fitness and not for sport-specific fitness (Svensson & Drust, 2005) as the continuous
nature of laboratory tests do not simulate the movement patterns of soccer (Meckel,
Machnai & Eliakim, 2009). Bradley et al. (2011) also pointed out that most tests for

determining VO are continuous in nature whereas soccer is intermittent in nature and

2max
consists of bouts of high-intensity activities interspersed by low-intensity activities. The Yo-
Yo IR field test may therefore serve as a more soccer sport-specific test for determining the

VO,.., and different HR intensity zones of soccer players and was therefore chosen as the

preferred test for this study.

The \./O2max achieved by players during execution of the Yo-Yo IR1 was similar

(58 mlkg."'min) to the value reported by Abt and Lovell (2009) (59 ml.kg.'min™).

Furthermore, players in this study achieved their RCP at a higher percentage of VO,

(96%) than the players in the study of Abt and Lovell (2009) (93%), possibly because of low

VO, Values which gave rise to higher RCP values when expressed as a percentage of
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VO This could also explain why players spent less time in the HI HR zone than players

2max *

of other studies. In this regard, a review by Stolen et al. (2005) concluded that the \./O2max
values of soccer players varied between 50 and 75 ml.kg.'min™, which places the VO,

values of players in this study at a lower range. In view of the fact that VO, is a measure

of cardiovascular fitness (Stelen et al., 2005), players’ fitness levels could be classified as
low, which may also explain the difference in relative threshold results compared to values
obtained by other researchers.

Conclusion

This study is the first to use a sport-specific test to determine individual, physiologically
defined intensity zones to describe the internal match loads of university-level soccer
players. Our results show that university-level soccer defenders spend significantly more
time in the HI HR zone than attackers. Furthermore, results revealed that attackers spent
significantly more time in the LI HR zone than midfielders and defenders. The study
highlights the intense nature of soccer matches as players spent the majority of match time
near the anaerobic threshold, interspersed with periods of LI activities. University-level
soccer players should therefore spend the majority of practice and training time at an
average relative HR of 81% of HR.. Furthermore, conditioning coaches should develop
training programs to allow defenders and midfielders to spend more time in the HI HR zone
than attackers. Finally, our results demonstrate that the Yo-Yo IR1-derived ventilatory
threshold values can be used to describe the internal match and training loads of soccer
players. However, in order to verify these results, researchers need to apply this method to a
wider population of soccer players.
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ABSTRACT

The aim of this study was to compare two different methods of determining the external and
internal match loads of university-level soccer players. Thirteen soccer players completed a
40-m maximum speed test and the Yo-Yo intermittent recovery 1 test level 1 (IR1) to
determine individualised velocity and heart rate (HR) thresholds. The HR values and GPS
data of each player were recorded during five league matches. A large (r = 0.5; p <0.01)
correlation was found between time spent in the low-intensity (LI) velocity zone (LIVZ) (5017
+ 368 s) and the LI HR zone (2891 + 1086 s). Similarly, there was a moderate (r = 0.3;
p <0.01) to large (r = 0.6; p <0.01) correlation between the relative (11.4 + 3.7%) and
absolute time (669 + 223 s) spent in the moderate-intensity (MI) velocity zone (MIVZ) and
the Ml HR zone (41.0 + 16.8% and 2253 + 752 s). There were no significant correlations
(p =0.01) between the high-intensity (HI) velocity zones (HIVZ) and the HI HR zone.
Furthermore when adjusting for the fitness level of players there were no correlations
between the internal and external match loads. Results further indicated moderate to large
correlations between the external and internal match loads at low and moderate intensities,
but no correlations were found at high intensities. To conclude, results suggest that
researchers must use individually determined thresholds to examine both the internal and
external loads of soccer matches when conducting match analyses.

KEY WORDS: GPS, heart rate, match analysis, soccer
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INTRODUCTION

The better the understanding of the specific loads placed on soccer players during match-
play, the more likely suitable training and recovery programs will be developed, which may
lead to a decrease in injuries as well as an improvement in performance (29). The load
players experience during match-play can be categorized as an external load which will
induce a physiological response or an internal load (26). In this regard semi-automated video
tracking (9), manual video tracking (11) and global positioning system (GPS) analyses (40)
are some of the most popular soccer match analysis methods that have been used over the
past decade to determine external match loads. However, several studies have also
focussed on internal match loads through the analyses of heart rate (39), blood lactate
concentration (20) and the use of gas exchange values during graded maximal tests (37).
However, in order to obtain an accurate match load profile of sport participants, researchers
and sport scientists need to use methods that allow them to simultaneously analyse both the
internal and external match loads of players (2).

Although various methods enable researchers to measure the external match loads of
players, literature suggest that GPS analysis is more accurate than manual video tracking
and less expensive than semi-automated video tracking (7, 16). In addition to having the
capability to accumulate and process large volumes of data very quickly, GPS technology
also provides quantitative data on the position, displacement, velocity, decelerations and
accelerations of players on the field (18). Researchers that made use of this method found
that semi-professional soccer players covered a total match distance of 10 163 m of which
16% (1 626 m) was via high-speed running and 3% (305 m) sprints (32). Conversely, Varley
et al. (42) concluded that professional soccer players covered an average of 517 m and
93 m, through high-speed running and sprinting respectively during a match. In contrast,
Wehbe et al. (45) indicated that professional players covered a distance of 2 258 m in the
high-intensity running zone which includes running, high-speed running and sprinting

activities.

Even though the above-mentioned technique is of great value to better understand the
external match loads of soccer players, researchers use general movement classification
categories for all players during GPS match analyses (40, 45). Individual differences in
physical capacities and variations in exercise economy may lead to errors in the estimation
of movement classifications and exercise intensities when using the same categories for all
players (1). Determining each individual player's maximal speed and using a certain
percentage of the maximal speed value for categorising the different players’ movements
may provide one solution to this problem (1).
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However, even the use of individualised movement categories during GPS analyses does
not enable researchers to directly measure individual players’ physiological responses
(internal load) to different movements (17). Heart rate (HR) monitoring may therefore provide
researchers with a clearer picture of the internal match loads of players. In this regard,
studies show that the average HR of players ranged between 153 bpm and 164 bpm during
matches (19, 20). A further analysis of match heart rates also showed that recreational
soccer players’ average heart rates changed from 82% of HRnax during the first half to 79%
of HRax during the second half (19). On the other hand, professional matches showed an
average relative HR of 86% and 83% of HR. for the first and second halves respectively
(19). Nevertheless, researchers suggest that sport practitioners should make use of
physiologically determined individualised heart rate zones when describing the heart rate
responses of players during training and competition (2).

One way of determining individualised heart rate zones is by applying a 20-m shuttle run test
to obtain the heart rates that correspond to the 2 and 4 mM blood lactate concentrations
respectively (20). Eniseler (20) used this method to show that players spent 37% of the
soccer match in the moderate-intensity HR zone (2 to 4 mM blood lactate concentration) and
50% of the time in the high-intensity zone (> 4mM blood lactate concentration). In view of the
fact that Faude and his colleagues (21) showed that the use of the 4 mM threshold value
could lead to an underestimation of anaerobically trained sport participants’ endurance
capacity, the accuracy of this method can also be questioned. Another individualised
analysis method uses expired gas and heart rate analyses to determine the ventilatory
threshold (VT) and the respiratory compensation point (RCP) of sport participants during a
graded maximal treadmill test (37). Although researchers have not used this method to
analyse soccer players, Sparks and Coetzee (37) revealed that Rugby Union players spent
44% of the match time in the high-intensity zone (170-185 bpm), 34% in the moderate-
intensity zone (153-169 bpm) and only 23% of the time in the low-intensity zone
(141-152 bpm). Differences in the muscle recruitment patterns, energy demands and the
type of movements performed between a soccer match and a continuous treadmill running
test involving forward running at constant speeds (37) may warrant the use of a sport-
specific maximal test to determine players’ different HR intensity zones. In this regard Girard
et al. (22) proved that a squash-specific field-based test could be used to determine the VT
and RCP of squash players. They also identified different HR intensity zones by applying this
method (22).

From the above-mentioned background it is clear that current soccer match analysis
methods reveal certain methodological flaws which may provide researchers with inaccurate
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internal and external soccer match load results. Moreover, no attempt has been made to
develop, use or compare the results of match analysis methods that allow the simultaneous
analyses of both internal and external match loads. Therefore the purpose of this study was
to compare the match analysis results of different methods that are aimed at determining the
external and internal match loads of a cohort of university-level soccer players. These results
may provide sports practitioners with a better understanding of both the amount of external

and internal loads players experience during soccer match-play.

METHODS

Experimental approach to the problem

The specific hypothesis under scrutiny was that no significant relationships will exist between
the external and internal match loads of university-level soccer players. A selected group,
repeated measures experimental research design was used for testing the hypothesis of this
study. Subjects were required to complete a 40-m maximum speed test and the Yo-Yo IR1
during a two-week period either before or after each analysed match. The HR values and
GPS data of each player were recorded during five league soccer matches.

Subjects

Subjects consisted of a group of 13 male soccer players from a university in the North West
Province of South Africa. Players’ age, body stature and mass (mean+SD) were: 22.6 + 2.5
years; 175.3 £ 7.1 cm and 62.9 £ 10.0 kg respectively. Goalkeepers were not included in the
study. Players trained five times a week for 1.5 hours per training session and participated in
one league match per week. The team competed in the provincial A-league. For the players’
data to be included in the study, they were required to spend at least 50% (one half) of the
match on the field; they had to complete the maximum speed and fithess test at least two
weeks before or after analysed matches and they had to be injury free at the time of testing.

Also, during the fitness test players had to achieve their maximum oxygen uptake (VO,.,)

to be included. All players not adhering to these criteria were excluded from the study. The
objectives of the study were explained to the players, after which they all completed an
informed consent form. Ethical approval was granted by the Health Research Ethics
Committee of the Faculty of Health Sciences of the institution where the research was
conducted (NWU-00200-14-A1). The study was conducted according to the ethical
guidelines and principles of the international Declaration of Helsinki and the ethical
guidelines of the National Health Research Ethics Council of South Africa.
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Testing Procedures

Two weeks either before or after soccer matches, players completed a test battery which
consisted of a 40-m maximum speed test, followed by the execution of a Yo-Yo IR1 test.
These tests were performed to determine the individual velocity and HR thresholds of each
player for use during match analyses. GPS units together with Fix Polar Heart Rate
Transmitter Belts (Polar Electro, Kempele, Finland) were used to monitor velocity and heart

rates during five university-level soccer matches.

40-m maximum speed test. The 40-m maximum speed test was preceded by a standardised
warm-up consisting of jogging and dynamic stretches followed by 10-minute bursts of
running. The time for the 40-m maximum speed test was measured using photocells (Brower
Timing Systems, South Draper, UT) placed at the start, 30 and 40 m on a grass soccer field.
Players wore their soccer boots during execution of the speed test. When ready, players
sprinted from a static position. Each participant had 2 trials separated by at least 3 minutes
of rest, and the fastest time was recorded to the nearest 0.01 s. To determine the maximum
velocity (m.s™) of each player, the 30-m split time was subtracted from the 40-m split time.
Ten (representing 10 m) was then divided by this value (28).

The velocity thresholds suggested for soccer by Dwyer and Gabbett (18) were used for this
study. The thresholds were determined as a percentage of each player’'s maximum velocity
(as obtained from the 40-m maximum speed test). The general threshold speed guidelines of
Dwyer and Gabbett (18) show that the moderate-intensity velocity zone (MIVZ) is between
34% and 61% of players’ maximum velocity; the low-intensity velocity zone (LIVZ) was
therefore set at <34% of maximum velocity and the high-intensity velocity zone (HIVZ) at
>61% of the maximum velocity. For a movement to be recorded as an effort players had to
maintain that velocity for at least 1 s.

Yo-Yo IR1. The Yo-Yo intermittent recovery test, level 1 (Yo-Yo IR1) was chosen as the
preferred test for this study in view of the fact that it showed significant correlations (r= 0.71;
p < 0.05) with the amount of high-intensity running during a soccer match (28). The Yo-Yo
IR1 has also been widely applied in many team sports to evaluate the ability of players to

repeatedly perform high-intensity exercise (5). A significant correlation between VO, and

Yo-Yo IR1 results (r = 0.70, p <0.05) provides evidence that the Yo-Yo IR1 is a valid

exercise test for determining players’ VO values (5). All players were familiar with the

2max
Yo-Yo IR1 as they had performed it previously before the commencement of the study. The

test was conducted on a flat, clearly marked 20 m stretch of a grass soccer field. Players
88



CHAPTER s
INTERNAL AND EXTERNAL MATCH LOADS OF UNIVERSITY-LEVEL SOCCER PLAYERS: A COMPARISON BETWEEN METHODS

wore their soccer boots during the test. Players were required to run back and forth on the
20-m track and pace themselves so that the arrival at the end of the 20-m stretch coincided
with the signal emitted from a commercially available pre-recorded compact disc (CD)
(Bangsbosport.com, Bangsbosport Aps, Espergaerde, Denmark). Players were required to
cross the marked lines at either end of the 20-m stretch with one foot as the signal sounded
from the CD. Players received a brief 10-s active recovery after each 40-m (2 x 20 m) shuttle
during which they walked back and forth over a 5-m stretch. The test started at a speed of
10 km.h™" and was progressively increased until test termination. The test was terminated
due to players voluntarily stopping or when a player could not make it to either end marks of
the 20-m distance within the given signal time in two successive shuttles.

Players performed the Yo-Yo IR1 while wearing a portable gas analyser apparatus
(Metamax 3B, Cortex, Leipzig, Germany) and a Fix Polar Heart Rate Transmitter Belt (Polar
Electro, Kempele, Finland), which were used to sample expired air and record heart rate

continuously. The rate of oxygen consumption (VO,), carbon dioxide production (VCO,),
minute ventilation (\./E ), respiratory exchange ratio (RER) and HR were recorded every 5 s.
Vogler et al. (44) found the MetaMax 3B to be a reliable and valid portable gas analyser. The

MetaMax 3B overestimated VO,, VCO,, and Ve by approximately 4%, 7%, and 4%

respectively compared to the values of an automated Douglas bag system (44). The

MetaMax3B also yielded excellent reproducibility with typical errors of 2-3% for VO,,
\./CO2 and \./E (44). The portable gas analyser was calibrated with standard gases before

commencement of the test. The criteria for reaching VO was set as follows: a

2max
respiratory exchange ratio-value higher than 1.15 at test termination; oxygen consumption
ceased to rise and reached a plateau or began to fall even though the work rate continued to
increase, or the maximal age-specific HR was reached (15, 30). The VT was determined

applying the criteria of an increase in VE/\./O2 with no increase in Ve/VCO, and departure

from the linearity of Ve (13). The RCP was taken as the point which corresponded to an

increase in both \./E/\./O2 and \./E/\./CO2 (13).

VT and RCP were visually detected by two independent experienced observers as Weston
and Gabbett (46) showed that this method is reliable (r = 0.91-0.97, p <0.0001) for the

determination of both VT and RCP. The different gas exchange phases were used to
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determine the heart rates that corresponded to the three exercise intensities (13): Heart
rates that correspond to the exercise intensities below VT were classified as low-intensity
heart rates; heart rates between VT and RCP as moderate-intensity heart rates; and heart
rates above RCP as high-intensity heart rates.

Match analyses. The GPS data of the starting line-up were monitored for the duration of five
matches. All matches were analysed with GPS units sampling at a frequency of 10 Hz
(MinimaxX V4.0, Catapult Innovations, Victoria, Australia) with a minimum of 8 satellites
used to determine the position of each unit. The units were kept under open sky and turned
on 10-min before each match. The GPS units were fitted to the upper back of each player by
means of a harness. Players were familiar with the GPS equipment due to the fact that they
regularly trained with the units fitted to their backs. The GPS units collected information on
distances, velocities and intensities of all movements executed during the different soccer
matches. The recordings from the GPS unit were downloaded to a PC and analysed using
the Logan Plus V4.7.1 software (Catapult Sports, Victoria, Australia). The GPS Doppler data
was used during the analyses of the GPS-related variables.

Although some uncertainty exists with regard to the validity and reliability of GPS devices to
monitor small directional changes at high speeds, research suggests that GPS devices
sampling at higher frequencies are more sensitive to these changes (41). Several studies
have tested the validity and reliability of the 10 Hz GPS units (27, 41, 43) and concluded that
the inter-unit reliability of the 10 Hz devices was good (technical error of measurement =
1.64%) when peak speed was measured (27) and showed to be reliable for measuring

instantaneous velocity (coefficient of variation = 1.9-6.0%) (41).

Statistical Analyses

Analyses were conducted using IBM SPSS Statistics v. 21.0.0.0. Firstly, the velocities and
heart rates obtained from each player during the matches were categorized into the three
intensity zones (low, moderate and high) according to the Yo-Yo IR1 test results and speed
test. The times spent in the different zones were then expressed as a percentage of the total
match time (excluding the time before the matches and half-time). Secondly, the descriptive
statistics (averages, minimum, maximum and standard deviation values) for each variable
were calculated. Thirdly to determine whether a correlation existed between the time spent
(relative and absolute) in a velocity zone and the corresponding HR zone, Spearman’s rank
correlation rho was used. In addition to the Spearman’s rank correlation, a partial correlation

was also performed to adjust for players’ \./OZmax values and Yo-Yo IR1 performance.
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Furthermore, to determine the 90% confidence interval (Cl) from the correlation coefficient
(r) a Fisher r to z transformation was calculated. The level of significance was set at p <0.01.
The strength of correlations was also described according to the following criteria: <0.1
(trivial), <0.3 (small), <0.5 (moderate), <0.7 (large), <0.9 (very large) and <1 (nearly perfect)
(24).

RESULTS
The descriptive statistics of the Yo-Yo IR1 as well as the match variables are presented in
Table 1.

TABLE 1: Minimum, maximum and average values for the Yo-Yo IR1 as well as the internal
and external match load-related variables.

Variables Average + SD Min Max
Yo-Yo IR 1 HRyax (bpm) 194 +7 183 202
Yo-Yo IR 1 distance (m) 1618 + 429 1080 2240
\./OZmax (ml.kg. 'min”) 61.9+£3.7 53.0 68.0
VT HR (bpm) 164 £ 10 144 177
VT HR (%) 845145 73.1 88.9
RCP HR (bpm) 187 6 179 196
RCP HR (%) 96.6 £1.4 94.3 98.4
Maximum testing velocity (m.s™) 8.6 +0.3 8.0 9.0
MIVZ start (m.s™) 2.9+0.1 2.7 3.1
HIVZ start (m.s™) 52+0.2 4.9 55
Match distance covered (m) 9329 + 1286 6249 11511
Relative match distance covered 96.3 £11.7 63.3 117.5
(m.min™")

Maximum match velocity (m.s™) 78+14 6.2 15.0
Match HRayverage (Ppm) 158 £ 10 139 176
Match HRyax (bpm) 200 £ 11 180 220

Yo-Yo IR1 — Yo-Yo intermittent recovery test 1; HR,.x — Maximum heart rate; VO

2max
Maximum oxygen uptake; VT — Ventilatory threshold; HR — heart rate; RCP — Respiratory
compensation point; MIVZ — Moderate-intensity velocity zone; HIVZ — High-intensity velocity
zone; HRaverage — Average heart rate
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Table 2 presents the absolute and relative time spent in the different intensity zones
according to the external (velocity) and internal (HR) match data. The results show a large
(r=0.5; p<0.01) correlation between the time spent in the LIVZ (5017 £ 368 s) and the LI
HR zone (2891 + 1086 s), with the true correlation value that varies between moderate and
large. Similarly, a moderate (r= 0.3; p <0.01) to large (r= 0.6; p <0.01) correlation was found
between the relative (11.4 + 3.7%) and absolute time (669 * 223 s) spent in the MIVZ and
the MI HR zone (41.0 £ 16.8% and 2253 + 752 s). However, the true correlation value for the
absolute time spent in the MI zone falls between the large to very large category, whereas
the correlation for the relative time was small to moderate. There were no significant
correlations (p <0.01) between the HIVZ and the HI HR zone. Only small correlations were

found between variables when adjusting for \./O2maX and Yo-Yo IR1 performance.

TABLE 2: Correlations between the external and internal match load intensity zones (n = 44).

Variable Velocity HR r z 90% ClI
LI zone (s) 5017 +368 2891 + 1086* 0.5 4.910 0.3t0 0.6
LI zone (%) 87.2+41 49.4 +20.9 0.1 1.455 -0.0t0 0.3
MI zone (s) 669 * 223 2253 + 752* 0.6 6.487 0.5t0 0.7
MI zone (%) 11.4 £3.7 41.0+16.8* 0.3 2.681 0.1t0 0.4
HI zone (s) 80 + 33 370 £ 503 0.1 0.998 -0.1t0 0.3
HI zone (%) 1.3+0.6 51+7.6 0.0 0.287 -0.1t0 0.2

LI — Low-intensity; Ml — Moderate-intensity; HI — High-intensity; HR — Heart rate; *p <0.01; """
— Moderate/ large correlation between velocity and heart rate.

DISCUSSION

The present study compared the match analysis results of different methods aimed at
determining the external and internal match loads of a cohort of university-level soccer
players. This study is the first to use individualised thresholds to concurrently determine the
internal and external loads of several competitive university-level soccer matches. The main
finding of this study was that there were moderate to large correlations between the external
and internal match loads at low and moderate intensities, but only small correlations were

found at high intensities. Furthermore, when adjusting for Yo-Yo IR1 performance and

VO,ax» Only small correlations were found between the external and internal match load-

related variables. Therefore it can be assumed that the relationships between velocity and
heart rate zones are dependent on the fitness levels of players.
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Without the adjustment for fitness levels the results showed that a significant large (r= 0.5, p
<0.01) correlation occurred between the time spent in the LIVZ (5017 s) and the LI HR zone
(2891 s), with the true correlation value varying between moderate and large. Similarly, there
was a significant (p <0.01) moderate (r = 0.3) to large (r = 0.6) correlation between the
relative (11.4%) and absolute (669 s) time spent in the MIVZ compared to the MI HR zone
(41.0% and 2253 s respectively). However, the true correlation value for the absolute time
spent in the MI zone fell between the large to very large category whereas the correlation for
the relative time varied between small and moderate. There were no significant correlations
(p =0.01) between the HIVZ and the HI HR zone. What is apparent from these results is that
high correlations were visible while players were spending time in low- to moderate-intensity
zones, but decreased as players moved into the higher-intensity zones. When players are
engaged in sudden HI activities, the heart responds by increasing the stroke volume and not
the stroke frequency (Frank-Starling stall) (8). Therefore, during soccer matches, the HR will
probably not immediately respond to sudden velocity increases, which may explain the
differences in correlation values between different intensity zones. Despite this, players
spent more time (absolute and relative) in the HI HR zone than the HIVZ. According to Reilly
(36), monitoring only external loads during match play may underestimate the real loads
players experience during a match due to the fact that researchers do not account for the
extra skills (e.g. dribbling, kicking etc.) that are executed during the match.

Subjects in this study covered an average distance of 1 618 m during the Yo-Yo IR1 which is

lower than the distance reported by Randers et al. (35) (2950 m). However the \./O2mElx of

our players were higher (61.9 ml.kg.'min™") than the 56.3-59.0 ml.kg.'min™ reported by
others (1, 6, 34). Furthermore, the average HR.x during the Yo-Yo IR1 was higher (194
bpm) than the HR.x achieved during a maximal treadmill test by Abt and Lovell (1) (185
bpm). This supports the notion that there are differences in the muscle recruitment patterns,
energy demands and type of movements performed between a field test and a continuous
treadmill-running test. Similarly the HR thresholds as determined by the VT and RCP in this
study revealed that the absolute (187 bpm) and relative (96.6%) HI HR values were higher
than the values reported by Abt and Lovell (1) (172 bpm, 93.0%). However, the absolute
(164 bpm) MI HR values were similar (160 bpm) to those recommended by Bangsbo (4) and
the relative Ml HR values slightly higher (84.5% vs 80.0%). A comparison between the
velocity threshold values of this and previous studies revealed that the MIVZ threshold (2.9
m.s"') was similar to those of Randers et al. (35) (2.5 m.s™") and Dwyer and Gabbett (18) (2.1
m.s"). The HIVZ threshold value (5.2 m.s™) was also similar to the values of Burgess et al.
(11) (5.0 m.s™), Carling (12) (5.3 m.s™") and Varley et al. (42) (5.5 m.s™).
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During matches players in the current study covered an average distance of 9 329 m which
is comparable to the average distance (9 425 m) reported by Barrett et al. (6) on university-
level soccer players. However, the majority of studies reported average distances of
between 10 063 m and 10 700 m (35, 42, 45). Furthermore, the professional players in the
studies of Wehbe et al. (45) and Varley et al. (42) covered these distances at an average
intensity of 109 m.min™" and 104 m.min™ respectively, which is more than the 96 m.min™
observed in this study. Moreover, the average HR achieved during matches in this study was
158 bpm whereas other studies reported heart rates of between 157 bpm and 170 bpm (3,
14, 20). Direct comparisons for the time spent in the different intensity zones between this
and previous studies are difficult due to differences in movement categorisations between
studies. Furthermore, the majority of studies do not report the absolute time spent in the
different velocity zones but rather the absolute and relative distances covered in these
zones. Nevertheless, the players in this study spent more time in the LIVZ (5 017 s) and less
time in the MIVZ (669 s) than players in a study by Impellizzeri et al. (25) (3 423 s and
1 571 s respectively). Our players also spent less time in the HIVZ (80 s) than players in
studies by Rampinini et al. (34) (128 s) and Bradley et al. (10) (150 s). However, it is
important to note that these studies were performed on professional and not university-level
soccer players. In this regard it has previously been shown that top-level soccer players
perform more HI activities than their lower level counterparts (31). This finding could
therefore explain the large differences for time spent in the HIVZ between this study and
other studies.

With regard to the HR zones, Eniseler (20) used lactate reference values to categorise heart
rates into low-, moderate- and high-intensity HR zones. Similar values were found for the
total time spent in the Ml HR zone (37%) for professional soccer players compared to the
values of players in this study (41%) (20). However, in our study players spent more relative
time in the LI HR zone (49%) and considerably less time in the HI HR zone (5%) than the
players in the study of Eniseler (20) (14% and 50%). Although Impellizzeri et al. (25) used a
threshold value of 95.0% of HR.x, which is similar to the HI HR zone (96.6% of HRmax) of
this study, they reported a value of 226 s for the time spent in the HI HR zone which is lower
that the value of this study (370 s). However, it is must be noted that the matches in the last-
mentioned study were 30 min shorter than the matches in the current study. Therefore
players in the current study had much more time to spend in the HI HR zone.

In summary, this is the first study to use individualised thresholds to concurrently determine
the internal and external loads of several competitive university-level soccer matches.
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Results revealed moderate to large correlations between the external and internal match
loads at low and moderate intensities, but only small correlations at high-intensities.
However, further analysis would suggest that these correlations are dependent on players’
fitness levels. Furthermore, results revealed that university-level soccer players spent most
of their time in the LIVZ and LI HR zones. However, the results of the present study must be
interpreted with caution, since a small sample size was used. The results are therefore only
applicable to university-level soccer matches. Thus, the accuracy of this method for
determining the internal and external loads of soccer matches should be measured and
tested on soccer players of different participation levels.

PRACTICAL APPLICATIONS

When analysing soccer matches it is suggested that researchers use individually determined
thresholds to examine both the internal and external loads of soccer matches concurrently.
When using GPS alone the energy expended during matches are underestimated due to
extra skills (e.g. dribbling, kicking etc.) which this type of analysis does not detect. On the
other hand, the use of only heart rates may lead to errors in describing the match loads of
especially high-intensity movements due to the inability of the heart to immediately respond
to sudden velocity increases. Therefore in order to obtain more accurate results with regard
to the loads soccer players experience during match-play, sports practitioners and sports
scientists need to apply methods that allow them to simultaneously analyse both the internal
and external match loads.
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1. SUMMARY
2. CONCLUSIONS
3. LIMITATIONS AND RECOMMENDATIONS

1. SUMMARY
Soccer is the most popular sport in the world and is played by both men and women. The
popularity of soccer and the substantial financial rewards players and the coaching staff
receive when achieving success have forced conditioning coaches and sport scientists to
apply more reliable and accurate methods for analysing the demands of matches, thereby
enabling them to construct effective training programs. However, to date no gold standards
exist to measure the loads placed on soccer players during matches. Furthermore, very few
studies make use of physiologically determined individualised thresholds to quantify these
match loads. Although several studies have determined the external loads of soccer
matches and some have determined the internal loads, hardly any studies have concurrently
investigated the internal and external loads placed on players during competitive soccer
matches. Therefore the predominant aim of this study was to use physiologically determined
individualised thresholds to define both the external and internal match loads of university-
level soccer players. In order to reach this aim the following objectives were posed:
% To determine the fatigue rates and patterns of a cohort of university-level soccer players
during matches when using global positioning system (GPS) to quantify the high-
intensity running performances in rolling 5-min periods.
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% To determine the influence of Yo-Yo intermittent recovery test- (Yo-Yo IR1) determined
training status of a cohort of university-level soccer players on fatigue patterns and rate
during match-play.

% To determine the positional-internal match loads of a cohort of university-level soccer
players by making use of heart rates and the Yo-Yo IR1-determined threshold
values.

% To compare the match analysis results of different methods aimed at determining the

external and internal match loads of a cohort of university-level soccer players.

Chapter one contained a brief introduction as well as a problem statement which underlies
the research questions, objectives and hypotheses that form the foundation of this study.
This thesis is submitted in article format, as approved by the Senate of the North-West
University (Potchefstroom Campus); therefore includes a literature review (chapter two) and
three research articles (chapters three, four and five respectively) which will be presented to

internationally recognised peer-reviewed journals.

In Chapter two the literature from the past decade was cited firstly to describe the various
soccer match analysis methods used in scientific literature as well as to present the results
of research on each of the methods applied with a view to determine soccer match loads.
Secondly, the author explored the limitations of the different methods and finally, paid
attention to other methods that can also be applied to strengthen the accuracy and validity of

soccer match analyses results.

Match analysis can fall into two broad categories, namely those methods used to determine
the external loads (velocity, distance, accelerations etc.) and those used to determine the
internal loads players experience during matches (heart rates, blood lactate, rate of
perceived exertion (RPE)). From the 27 soccer match analysis studies identified that
determine the external match loads, the majority of studies (18) used semi-automated
tracking systems whereas studies using GPS and manual video tracking to analyse soccer
matches accounted for five and four studies respectively. These methods found that the
average total distance covered per match by players was 9-12 km. They also found that
midfielders tend to cover greater distances than defenders and attackers. Furthermore,
several studies suggested that temporary fatigue occurred after the most intense periods
during a match and also during the last 15 minutes of a match.

Although the last-mentioned methods provide researchers with valuable information with
regard to the external match loads of players, certain limitations need to be considered. For
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example, semi-automated systems are extremely expensive and users are confined to the
area of installation. Also, even though manual video tracking is relatively inexpensive it is
very time-consuming and the accuracy is dependent on the experience level of the
researcher. GPS on the other hand has made it possible for researchers to analyse matches
in real-time, but unfortunately FIFA laws do not allow players to wear GPS units while they
are playing soccer matches which makes GPS monitoring of FIFA accredited soccer
matches impossible.

Due to the fact that match analyses alone do not provide a true reflection of the demands of
soccer match-play if the internal match loads of players are not determined, the monitoring
of heart rates, RPE and the use of physiologically determined thresholds are also necessary.
However, only one study has thus far used individualised, blood lactate-determined heart
rate zones for each soccer player to show that players had spent 50% of the time in the
highest intensity zone (> 4mM blood lactate concentration). Notwithstanding the fact that no
researchers have applied other individualised methods to determine the internal match loads
of soccer players, researchers used heart rates as well as graded maximal test results to
determine the match loads of rugby players. This study found that rugby players spent the
highest percentage of match time (44%—83%) in the high-intensity zone. However, the use
of laboratory instead of field-based tests for determining the different HR intensity zones can
be questioned in view of differences in the muscle recruitment patterns and energy demands
between an intermittent sport and a laboratory test. The Yo-Yo IR1 meets all the
requirements to possibly serve as a more soccer-specific test for determining the different
HR intensity zones as well as training status of players for possible prediction of fatigue
development during soccer matches.

From this literature review it became clear that there is a need to use individualised methods
to simultaneously analyse both the internal and external match loads of players. It is with this
background that the results of this study were presented in three research papers.

Chapter three contains the research article titled “The use of a global positioning system to
determine variations in high-intensity running and fatigue in a cohort of university-level
soccer players” by Sparks, M., Coetzee, B. and Gabbett, T.J. which will be presented for
publication to the Journal of Science and Medicine in Sport. The aims of this study were to:
(1) determine the fatigue rates and patterns of a cohort of university-level soccer players
during matches when using GPS to quantify the high-intensity running performances in
rolling 5-min periods and (2) determine the influence of Yo-Yo IR1-determined training status
of a cohort of university-level soccer players on fatigue patterns and rate during match play.
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Chapter four presents the research article titled “The use of heart rates and Yo-Yo
intermittent recovery test-derived threshold values to determine the positional, internal match
loads of university-level soccer players” by Sparks, M., Coetzee, B. and Gabbett, T.J. which
has been submitted to the Journal of Sports Sciences. The aim of this study was to
determine the positional-internal match loads of a cohort of university-level soccer players by
making use of heart rates and the Yo-Yo IR1-determined threshold values.

Chapter five contains the research article titled “Internal and external match loads of
university-level soccer players: a comparison between methods” by Sparks, M., Coetzee, B.
and Gabbett, T.J. which will be submitted to the Journal of Strength and Conditioning
research. The aim of this study was to compare different methods of determining the
external and internal match loads of university-level soccer players.

2. CONCLUSIONS
The conclusions drawn from this research are presented in accordance with the set
hypotheses (Chapter 1):

Hypothesis 1: GPS-determined high-intensity running performances in rolling 5-min periods
will indicate that activity levels during a match have a significant effect on the fatigue
patterns and rates of a cohort of university-level soccer players.

The results from this study show that there is a decline in high-intensity running after the
most intense 5-min period, which indicates temporary fatigue. Furthermore the study shows
that activity level during the first half influences the total distance covered in the second half
as well as the distance covered via high-intensity running. When comparing performances
between the first and second half, the moderate-activity group were able to maintain the
same distance and high-intensity running distance throughout the entire match. The low-
activity group, however, showed a decline in distance covered during the first 5 min of the
second half. Interestingly, the low-activity group showed an increase in distance covered
during the final 10 min of the game as well as an increase in high-intensity running during
the 80—85™ min period. In contrast, the high-activity group showed a decline in distance
covered during the first 15 min of the second half as well as a decrease in high-intensity
running during the first 10 min of the second half. The high-activity group also showed a
decrease in distances covered during the 70-75" min and 85-90" min periods.

To conclude, first half activity profiles had a significant impact on fatigue after the most
intense 5-min period as well as on second-half performance. This suggests a degree of
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transient fatigue. Our study also supports the possibility that players pace themselves during
matches with an end-spurt occurring towards the end of a match.

Hypothesis 1 is therefore accepted.

Hypothesis 2: The Yo-Yo IR1-determined training status of a cohort of university-level
soccer players will have a significant negative relationship with fatigue patterns and rates
during match-play.

In this study the Yo-Yo IR1 performance showed no significant correlation with any of the
fatigue-related variables. However, it is worth noting that even though there was no
significant correlation between Yo-Yo IR1 test performance and players’ activity profiles, the
Yo-Yo IR1 results were better for players in the high activity group.

To conclude, no relationships were found between Yo-Yo IR1 performance and any of the
HIR running- and fatigue-related variables, but results suggest that Yo-Yo IR1 performance
contributed to a better first-half performance.

Hypothesis 2 is therefore rejected.

Hypothesis 3: The use of the heart rates and the Yo-Yo IR1-determined threshold values of
a cohort of university-level soccer players will show significant positional differences in
internal match loads.

The positional analyses revealed that attackers spent significantly more time in the low-
intensity heart rate zone than did defenders and midfielders. They also spent significantly
less time in the high-intensity heart rate zone than the defenders. Although midfielders only
spent statistically more relative time in the moderate-intensity heart rate zone attackers,
midfielders and defenders spent practically significant more time in the moderate-intensity
heart rate zone than did attackers.

To conclude, significant differences were observed for the internal match loads when
different positional groups were compared.

Hypothesis 3 is therefore accepted.
Hypothesis 4: No significant relationships between the external and internal match loads of

a cohort of university-level soccer players.
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The results showed that a large, significant correlation existed between the time spent in the
low-intensity velocity zone and the low-intensity heart rate zone, with the true correlation
value that varied between moderate and large. Similarly, there was a significant, moderate to
large correlation between the relative and absolute time spent in the moderate-intensity
velocity zone compared to that of the moderate-intensity heart rate zone. The true
correlation value for the absolute time spent in the moderate-intensity zone fell between the
large to very large category whereas the correlation for the relative time between small to
moderate. There were no significant correlations between the high-intensity velocity zone
and the high-intensity heart rate zone. However, when adjusting for maximum oxygen
uptake and Yo-Yo IR1 performance there were no significant correlations between any of the
internal and external match load-related variables

To conclude, it is apparent that significantly high correlations existed between relative and
absolute time spent in low to moderate velocity and heart rate intensity zones, but that these
correlations decreased at higher intensity workloads. Furthermore, training status did not
affect the size of correlations between the internal and external match load-related variables

of players.

Hypothesis 4 is therefore partially accepted.

Our study is the first to use rolling 5-min periods to investigate the fatigue levels 15 minutes
after the most intense period as well as during the second half of semi-elite soccer matches.
It is also the first study to investigate the influence of training status and activity levels on
these fatigue patterns. Although several studies have investigated the fatigue patterns of
soccer players, they monitored pre-determined 5- or 15-min intervals. One study also
investigated the fatigue patterns by using rolling 5-min intervals, but did not analyse the
15-min period after the most intense period. However, one study investigated the 10-
and 15-min period after the most intense period, but did not explore the influence of activity
levels on these recovery periods. Nonetheless, all of the last-mentioned studies did these
investigations on professional soccer players.

With regard to the internal match loads of soccer players our study is the first to use a sport-
specific maximum field-test to determine the intensity thresholds for each player. A number
of studies have used heart rates to determine these loads but these studies either used
generic guidelines based on the maximum heart rates of players or used the same intensity
zones for all players. None of these guidelines were, however, physiologically determined.
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Currently there is a great debate among researchers on which methods should be used to
determine the match loads of soccer players. Several studies have investigated the external
and internal match loads of soccer players respectively. However, this study used methods
to determine the external and internal loads of competitive semi-elite soccer matches
concurrently. Furthermore, both the external and internal load determining methods were
individualised for each payer. It is also the first study to examine the relationship between
the external and internal match loads of semi-elite soccer players.

Therefore this study contributed greatly to a better understanding of not only the internal and
external match loads of soccer players, but also emphasized the importance of using
physiologically determined individualised thresholds when analysing soccer matches.
Furthermore, the study highlighted the importance of using both internal and external
methods concurrently to describe the match loads of players.

3. LIMITATIONS AND RECOMMENDATION

Although this study provided valuable information with regard to the individualised external

and internal match loads of university-level soccer players, several limitations should,

however, be considered together with recommendations for future researchers who want to
work on this area of research:

» The amount of high-intensity running activities was possibly underestimated as
accelerations and decelerations were not considered during analysis of match-related
data. We can therefore recommend that researchers in future consider the number of
accelerations and decelerations that occur during match play when quantifying high-
intensity running activities to determine fatigue rate and -patterns.

» Although signs of fatigue and possible pacing strategies were observed in this study,
contextual factors such as the tactical role of players and the actual time the ball was in
play may also influence the last-mentioned results. These factors should therefore be
considered when performing studies on fatigue and pacing strategies in soccer.

» The results of the present study must be interpreted with caution as only a relatively
small sample size of university-level soccer players were used in this study. The
accuracy of the individualised, physiologically determined thresholds established in this
study should therefore be verified in studies on soccer players of different participation
levels.
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in the categories of:

- Original Research

- Review Article

The manuscripts must be in one of the following sub-disciplines relating generally to the
broad sports medicine and sports science fields: sports medicine, sports injury (including
injury epidemiology and injury prevention), physiotherapy, podiatry, physical activity and
health, sports science, biomechanics, exercise physiology, motor control and learning, sport
and exercise psychology, sports nutrition, public health (as relevant to sport and exercise),
and rehabilitation and injury management. Manuscripts with an interdisciplinary perspective
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Only studies involving human subjects will be considered.

Authors must declare that manuscripts submitted to the Journal have not been published
elsewhere or are not being considered for publication elsewhere and that the research
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- Ensure all headings and subheadings conform to the Guide for Authors
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Authors
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- Include Acknowledgements (this is mandatory)
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reviewers must not be from the same institutions as the authors, and one must be from a
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consideration of the reviewers' comments.
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on-line only
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The entire peer-review process will be managed electronically to ensure timely review and
publication. Authors can expect an initial decision on their submission within 6 weeks.

Note: the online manuscript submission program requires separate entries of some
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manage processing and review of your manuscript and correspondence.
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- Footnotes are unacceptable.

- Book references:

Last name and initials of author, chapter title, chapter number, italicised title of book, edition
(if applicable), editor, translator (if applicable), place of publication, publisher, year of
publication.

Example:

Wilk KE, Reinold MM, Andrews JR. Interval sport programs for the shoulder, Chapter 58, in
The Athlete's Shoulder, 2nd ed., Philadelphia, Churchill Livingstone, 2009

- Journal references:

Last name and initials of principal author followed by last name(s) and initials of co-author(s),
title of article (with first word only starting in capitals), abbreviated and italicised title of
journal, year, volume (with issue number in parenthesis if applicable), inclusive pages.
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For guidance on abbreviations of journal titles, see Index Medicus at
www.nlm.nih.gov/tsd/serials/lji.html.

Example:

Hanna CM, Fulcher ML, Elley CR et al. Normative values of hip strength in adult male
association football players assessed by handheld dynamometry. J Sci Med Sport 2010;
13(3):299-303.

- Internet references should be as follows:

Health Care Financing Administration. 1996 statistics at a glance. Available at:
http://www.hcfa.gov/stats/stathili.ntm. Accessed 2 December 1996.

- Articles in Press are cited using a DOI: http://www.doi.org. The correct format for citing a
DOl is as follows: doi:10.1016/j.jsams.2009.10.104.

TABLES

- Tables should be part of the text file, placed on separate sheets (one to each page) after
the References section. Do not use vertical lines.

- Each table should be numbered (Arabic) and have a title above. Legends and explanatory
notes should be placed below the table.

- Abbreviations used in the table follow the legend in alphabetic order.

- Lower case letter superscripts beginning with "a" and following in alphabetic order are used
for notations of within-group and between-group statistical probabilities.

- Tables should be self-explanatory, and the data should not be duplicated in the text or
illustrations.

FIGURE LEGENDS

- Figure legends should be numbered (Arabic) and double-spaced in order of appearance,
beginning on a separate page.

- Identify (in alphabetic order) all abbreviations appearing in the illustrations at the end of
each legend.

- All abbreviations used on a figure and in its legend should be defined in the legend.

- Cite the source of previously published (print or electronic) material in the legend.

- Figure legends must be submitted as part of the text file and not as illustrations.

FIGURES AND ILLUSTRATIONS

- Images or figures are submitted online as one or more separate files that may contain one
or more images.

- Within each file, use the figure number (e.g., Figure 1A) as the image filename.

- The system accepts image files formatted in TIF and EPS. PowerPoint (.ppt) files are
accepted, but you must use a separate PowerPoint image file for each PowerPoint figure.

- Symbols, letters, numbers and contrasting fills must be distinct, easily distinguished and
clearly legible when the illustration is reduced in size.

- Black, white and widely crosshatched bars are preferable; do not use stippling, gray fill or
thin lines.

- Written permission from unmasked patients appearing in photographs must be obtained by
the authors and must be surface mailed or faxed to the editorial office once the manuscript is
submitted online.

FORMULAE, Equations and Statistical Notations

- Structural formulae, flow-diagrams and complex mathematical expressions are expensive
to print and should be kept to @ minimum.
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- Present simple formulae in the line of normal text, where possible. Use a slash (/) for
simple fractions rather than a built up fraction. Do not use italics for variables.

- In statistical analyses, 95% confidence intervals should be used, where appropriate.
Experimental design should be concisely described and results summarised by reporting
means, standard deviations (SD) or standard errors (SE) and the number of observations.
Statistical tests and associated confidence intervals for differences or p-values should also
be reported when comparisons are made. Only use normal text for statistical terms: do not
use bold, italics or underlined text.

SCIENTIFIC TERMINOLOGY

- To enable consistency, authors should generally follow the technical guidelines of Medicine
and Science in Sports and Exercise, unless otherwise stipulated in these Instructions.

- Following are some examples of the Journal style in the most basic cases and some
general Sl unit guidelines.

- Mass: 10 g, 2 kg

- Temperature: 200 C

- Distance: 10 cm, 4 m, 20 km

- Time: 10s,20 min, 2 hr, 5wk, 1y

- Power: 10 W

- Energy: 400 J, 10 kJ.

- The centigrade scale (C) and the metric units (SI) must be used, except in the case of heart
rate (beats per min: bpm), blood pressure (mmHg) and gas pressure (mmHg).

- When opening a sentence, numbers should be expressed in words, e.g.: Forty-seven
patients were contacted by phone.

- The 24-hour clock should be used.

COPYRIGHT

This journal offers authors a choice in publishing their research: Open access and
Subscription.

For subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement’ (for more information on this and copyright, see External link
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations (please consult External link
http://www.elsevier.com/permissions). If excerpts from other copyrighted works are included,
the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases:
please consult External link http://www.elsevier.com/permissions.

For open access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see External link
http://www.elsevier.com/OAauthoragreement). Permitted reuse of open access articles is
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determined by the author's choice of user license (see External link
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information
on author rights for:

Subscription articles please see External link http://www.elsevier.com/journal-authors/author-
rights-and-responsibilities.

Open access articles please see External link http://www.elsevier.com/OAauthoragreement.

OPEN ACCESS

This journal does not ordinarily have publication charges; however, authors can now opt to
make their articles available to all (including non-subscribers) via the ScienceDirect platform,
for which a fee of US$3000 applies (for further information on open access see External link
http://www.elsevier.com/about/open-access/open-access-options). The journal though has
an introductory fee of US$2400, excluding taxes. Learn more about Elsevier's pricing policy:
External link http://www.elsevier.com/openaccesspricing.

Please note that you can only make this choice after receiving notification that your article
has been accepted for publication, to avoid any perception of conflict of interest. The fee
excludes taxes and other potential costs such as color charges. In some cases, institutions
and funding bodies have entered into agreement with Elsevier to meet these fees on behalf
of their authors. Details of these agreements are available at External link
http://www.elsevier.com/fundingbodies. Authors of accepted articles, who wish to take
advantage of this option, should complete and submit the order form (available at External
link http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you
choose, you retain many rights as an author, including the right to post a revised personal
version of your article on your own website. More information can be found here: External
link http://www.elsevier.com/authorsrights.

Your publication choice will have no effect on the peer review process or acceptance of
submitted articles.

JOURNAL OF SPORTS SCIENCES

This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer review
manuscript submissions. Please read the guide for ScholarOne authors before making a
submission. Complete guidelines for preparing and submitting your manuscript to this journal
are provided below.

Use these instructions if you are preparing a manuscript to submit to Journal of Sports
Sciences and Science and Medicine in Football .

To explore our journals portfolio, visit http://www.tandfonline.com/, and for more author
resources, visit our Author Services website.

The Journal of Sports Sciences is published on behalf of the British Association of Sport and
Exercise Sciences, in partnership with the World Commission of Science and Sports and in
association with the International Society for Advancement of Kinanthropometry. The
emphasis is on the human sciences applied to sport and exercise. Topics covered also
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include technologies such as design of sports equipment, research into training, and
modelling and predicting performance; papers evaluating (rather than simply presenting)
new methods or procedures will also be considered. The Journal of Sports Sciences also
accepts 'Letters to the Editor' and 'Case Studies'.

Journal of Sports Sciences considers all manuscripts on the strict condition that

e the manuscript is your own original work, and does not duplicate any other previously
published work, including your own previously published work.

e the manuscript has been submitted only to Journal of Sports Sciences; it is not under
consideration or peer review or accepted for publication or in press or published
elsewhere.

e the manuscript contains nothing that is abusive, defamatory, libellous, obscene,
fraudulent, or illegal.

Please note that Journal of Sports Sciences uses CrossCheck™ software to screen
manuscripts for unoriginal material. By submitting your manuscript to Journal of Sports
Sciences you are agreeing to any necessary originality checks your manuscript may have to
undergo during the peer-review and production processes.

Any author who fails to adhere to the above conditions will be charged with costs which
Journal of Sports Sciences incurs for their manuscript at the discretion of Journal of Sports
Sciences’s Editors and Taylor & Francis, and their manuscript will be rejected.

This journal is compliant with the Research Councils UK OA policy. Please see the licence

options and embargo periods here.

Manuscript preparation

1. General guidelines
Manuscripts are accepted in English. British English spelling and punctuation are
preferred. Please use double quotation marks, except where “a quotation is ‘within’ a
quotation”. Long quotations should be indented without quotation marks.
Manuscripts should be compiled in the following order: title page (including
Acknowledgements as well as Funding and grant-awarding bodies); abstract; keywords;
main text; acknowledgements; references; appendices (as appropriate); table(s) with
caption(s) (on individual pages); figure caption(s) (as a list).
A typical article will not exceed 4,000 words not including references, tables, figures and
captions. Footnotes should not be used unless they are absolutely necessary. Papers that
greatly exceed this will be critically reviewed with respect to length. Authors should include
a word count with their manuscript.
Abstracts of 200 words are required for all manuscripts submitted.
Each manuscript should have 3 to 6 keywords.
Search engine optimization (SEO) is a means of making your article more visible to
anyone who might be looking for it. Please consult our guidance here.
Section headings should be concise.
All authors of a manuscript should include their full names, affiliations, postal addresses,
telephone numbers and email addresses on the cover page of the manuscript. One
author should be identified as the corresponding author. Please give the affiliation where
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the research was conducted. If any of the named co-authors moves affiliation during the
peer review process, the new affiliation can be given as a footnote. Please note that no
changes to affiliation can be made after the manuscript is accepted. Please note that the
email address of the corresponding author will normally be displayed in the article PDF
(depending on the journal style) and the online article.
All persons who have a reasonable claim to authorship must be named in the manuscript
as co-authors; the corresponding author must be authorized by all co-authors to act as an
agent on their behalf in all matters pertaining to publication of the manuscript, and the
order of names should be agreed by all authors.
Biographical notes on contributors are not required for this journal.
Please supply all details required by any funding and grant-awarding bodies as an
Acknowledgement on the title page of the manuscript, in a separate paragraph, as
follows:

For single agency grants: "This work was supported by the [Funding Agency] under

Grant [number xxxx]."

For multiple agency grants: "This work was supported by the [Funding Agency 1] under

Grant [number xxxx]; [Funding Agency 2] under Grant [number xxxx]; and [Funding

Agency 3] under Grant [number xxxx]."

Authors must also incorporate a Disclosure Statement which will acknowledge any

financial interest or benefit they have arising from the direct applications of their

research.

For all manuscripts non-discriminatory language is mandatory. Sexist or racist terms

must not be used.

Authors must adhere to Sl units. Units are not italicised.

When using a word which is or is asserted to be a proprietary term or trade mark,

authors must use the symbol ® or TM.

Authors must not embed equations or image files within their manuscript

2. Style guidelines
Description of the Journal’s article style.
Description of the Journal’s reference style.
Guide to using mathematical scripts and equations.

Papers should be written and arranged in a style that is succinct and easy to follow. An
informative title, a concise abstract and a well written introduction will help to achieve this.
Authors should avoid some of the more common pitfalls, such as excessive use of the
passive voice and past tense and unnecessary use of fabricated abbreviations within the
text. The Journal would prefer authors to describe human volunteers as participants rather
than subjects in the methods section. Figures and tables should be used to add to the clarity
of the paper, not to pad it out. At all times, please try to think about your readers, who will not
all be specialists in your discipline.

(a) General

The manuscript must be in English; British English spellings and words should be used in
preference to other versions of English. It must be word-processed, double-spaced
throughout, with a 4 cm margin on the left side, with no ’headers and footers’ (other than
page numbers), and without footnotes unless these are absolutely necessary. Arrange the
manuscript under headings (such as Introduction, Methods, Results, Discussion,
Conclusions) and subheadings. Ideally, the main body of the text should not exceed 4,000

118



APPENDIX A:
GUIDELINES FOR AUTHORS

words, excluding references. Longer manuscripts may be accepted at the discretion of the
respective Section Editor. Authors must make every effort to ensure that manuscripts are
presented as concisely as possible. The Editors cannot consider for publication papers that
are seriously deficient in presentation or that depart substantially from these 'Notes and
Guidelines’.

(b) Ethics of human experimentation

The Journal will accept only papers that conform to the highest standards of ethics and
participant protection (see section 5 below). All experimental work in which humans are
participants must conform to requirements stipulated in the Declaration of Helsinki (
http://www.wma.net/en/30publications/10policies/b3/) and as appropriate, the laws of the
country in which the work was undertaken. The manuscript should contain a statement to the
effect that the work reported has been approved by a recognised ethics committee or review
board. Even where information is in the public domain such as on a website that contains
statistical or other archive-type data, formal ethics approval should be obtained to
demonstrate that appropriate consideration of ethics-related matters has occurred. Similarly,
where retrospective analyses of data have been performed, such as those produced as a
result of long-term monitoring of athletes or other occupational categories where fitness-type
testing is a contractual obligation, ethics approval is also required. Normally, statements
about ethics approval should be made at the beginning of the Methods section.

(c) Anonymous refereeing

Because of the adoption of anonymous refereeing by the Journal with effect from 1 January
1998, the title page and manuscript should include no information that clearly identifies the
authors or their affiliations. Authors should submit a separate cover letter, which is not part of
the manuscript, that can include the following information: the full title; the names of the
authors without qualifications or titles; the affiliations and full addresses of the authors; the
name, address, telephone and fax numbers, and e-mail address of the author responsible
for all correspondence and correction of proofs. Any acknowledgements should also appear
on this page, not in the manuscript. These acknowledgements will appear in the printed
version if the manuscript is accepted.

(d) Title page

Include the following information on the first page of the manuscript: the full title; a running
title of no more than 75 characters and spaces; and up to five keywords for indexing
purposes.

(e) The abstract
The abstract must not exceed 200 words and it must summarize the paper, giving a clear
indication of the conclusions it contains.

(f) Tables and illustrations

lllustrations and tables must accompany the manuscript but not be included in the text.
Authors may wish to express a preference for the location of tables and figures by including
comments such as ****Table 1 near here*** or ****Figure 2 near here separated by at
least one line space from the main text. Tables, referred to as "Table 1°, "Table 2’, and so on,
must be numbered in the order in which they occur in the text. Tables must be clearly and
simply laid out with clear row and column legends, units where appropriate, no vertical lines
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and horizontal lines only between the table title and column headings, between the column
headings and the main body of the table, and after the main body of the table.

Photographs and line drawings, referred to as 'Figure 1’, 'Figure 2’, and so on, must be
numbered in the order in which they occur in the text. Diagrams and drawings should be
produced using a computer drawing or graphics package. All illustrations must be suitable
for reduction to single column (84 mm) or page width (174 mm) of the Journal, with particular
attention to lettering size. Photographs must be reproduced as black and white image files
(see section 3 below).

(g) Terms and nomenclature

Terms and nomenclature should abide by the Systéme International d'Unités. For a detailed
guide to symbols, units and abbreviations, please consult the following text:

The Symbols Committee of the Royal Society (1975, addenda 1981). Quantities, Units and
Symbols. London: The Royal Society.

For a comprehensive review of applications to sport and physical activity, please consult the
following publication:

Winter, E.M. and Fowler, N. (2009). Exercise defined and quantified according to the
Systéme International d'Unités. Journal of Sports Sciences, 27, 447-460

3. Figures

Please provide the highest quality figure format possible. Please be sure that all imported
scanned material is scanned at the appropriate resolution: 1200 dpi for line art, 600 dpi for
grayscale and 300 dpi for colour.

Figures must be saved separate to text. Please do not embed figures in the manuscript
file.

Files should be saved as one of the following formats: TIFF (tagged image file format),
PostScript or EPS (encapsulated PostScript), and should contain all the necessary font
information and the source file of the application (e.g. CorelDraw/Mac, CorelDraw/PC).

All figures must be numbered in the order in which they appear in the manuscript (e.g.
Figure 1, Figure 2). In multi-part figures, each part should be labelled (e.g. Figure 1(a),
Figure 1(b)).

Figure captions must be saved separately, as part of the file containing the complete text
of the manuscript, and numbered correspondingly.

The filename for a graphic should be descriptive of the graphic, e.g. Figure1, Figure2a.

4. Publication charges

Submission fee

There is no submission fee for Journal of Sports Sciences.

Page charges

There are no page charges for Journal of Sports Sciences.

Colour charges

Colour figures will be reproduced in colour in the online edition of the journal free of charge.
If it is necessary for the figures to be reproduced in colour in the print version, a charge will
apply. Charges for colour figures in print are £250 per figure ($395 US Dollars; $385
Australian Dollars; 315 Euros). For more than 4 colour figures, figures 5 and above will be
charged at £50 per figure ($80 US Dollars; $75 Australian Dollars; 63 Euros).

Depending on your location, these charges may be subject to Value Added Tax.
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5. Compliance with ethics of experimentation

Authors must ensure that research reported in submitted manuscripts has been
conducted in an ethical and responsible manner, in full compliance with all relevant codes of
experimentation and legislation. All manuscripts which report in vivo experiments or clinical
trials on humans or animals must include a written Statement in the Methods section that
such work was conducted with the formal approval of the local human subject or animal care
committees, and that clinical trials have been registered as legislation requires.

Authors must confirm that any patient, service user, or participant (or that person’s parent
or legal guardian) in any research, experiment or clinical trial who is described in the
manuscript has given written consent to the inclusion of material pertaining to themselves,
and that they acknowledge that they cannot be identified via the manuscript; and that
authors have anonymised them and do not identify them in any way. Where such a person is
deceased, authors must warrant they have obtained the written consent of the deceased
person’s family or estate.

Authors must confirm that all mandatory laboratory health and safety procedures have
been complied with in the course of conducting any experimental work reported in the
manuscript; and that the manuscript contains all appropriate warnings concerning any
specific and particular hazards that may be involved in carrying out experiments or
procedures described in the manuscript or involved in instructions, materials, or formulae in
the manuscript; and include explicitly relevant safety precautions; and cite, and if an
accepted standard or code of practice is relevant, a reference to the relevant standard or
code. Authors working in animal science may find it useful to consult the Guidelines for the
Treatment of Animals in Behavioural Research and Teaching.

6. Reproduction of copyright material

If you wish to include any material in your manuscript in which you do not hold copyright, you
must obtain written permission from the copyright owner, prior to submission. Such material
may be in the form of text, data, table, illustration, photograph, line drawing, audio clip, video
clip, film still, and screenshot, and any supplemental material you propose to include. This
applies to direct (verbatim or facsimile) reproduction as well as “derivative reproduction”
(where you have created a new figure or table which derives substantially from a copyrighted
source).

You must ensure appropriate acknowledgement is given to the permission granted to you for
reuse by the copyright holder in each figure or table caption. You are solely responsible for
any fees which the copyright holder may charge for reuse.

The reproduction of short extracts of text, excluding poetry and song lyrics, for the purposes
of criticism may be possible without formal permission on the basis that the quotation is
reproduced accurately and full attribution is given.

For further information and FAQs on the reproduction of copyright material, please consult
our Guide.

7. Supplemental online material
Authors are encouraged to submit animations, movie files, sound files or any additional
information for online publication.
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Information about supplemental online material

Manuscript submission
All submissions should be made online at the Journal of Sports Sciences Scholar One
Manuscripts website.

All submissions to Science and Medicine in Football should be made online at the Scholar
One Manuscripts website.

New users should first create an account. Once logged on to the site, submissions should be
made via the Author Centre. Online user guides and access to a helpdesk are available on
this website.

On submission, authors should select the relevant Section Editor (see Editorial Board) or, in
case of any doubt, submit to the Editor-in-Chief. Authors should keep a copy of all materials
sent for later reference. Papers submitted to the Journal will be refereed anonymously by
acknowledged experts in the subject; at least two such referees will be involved in this
process. In the event of conflicting reviews, the Section Editor will normally seek a further
independent review. As the Journal operates an anonymous peer-review policy, please
ensure that your manuscript submission has all information identifying the author(s)
removed. If you are submitting a revised manuscript and have used track changes, please
make sure that any comments are anonymous in order to ensure your anonymity.
Alternatively, please highlight your text changes through the use of red font.

On submission, authors are required to nominate up to four expert referees for their paper;
these potential referees must not have been informed that they have been nominated or be
members of the authors’ institutions. The nominated referees may or may not be used, at the
Section Editor’s discretion, and at least one of the referees involved in the review of the
paper will be independent of the nominated list.

Manuscripts may be submitted in any standard editable format, including Word and
EndNote. These files will be automatically converted into a PDF file for the review process.
LaTeX files should be converted to PDF prior to submission because ScholarOne
Manuscripts is not able to convert LaTeX files into PDFs directly. All LaTeX source files
should be uploaded alongside the PDF.

Click here for information regarding anonymous peer review.

Copyright and authors' rights

To assure the integrity, dissemination, and protection against copyright infringement of
published articles, you will be asked to assign us, via a Publishing Agreement, the copyright
in your article. Your Article is defined as the final, definitive, and citable Version of Record,
and includes: (a) the accepted manuscript in its final form, including the abstract, text,
bibliography, and all accompanying tables, illustrations, data; and (b) any supplemental
material hosted by Taylor & Francis. Our Publishing Agreement with you will constitute the
entire agreement and the sole understanding between you and us; no amendment,
addendum, or other communication will be taken into account when interpreting your and our
rights and obligations under this Agreement.
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Copyright policy is explained in detail here.

Free article access

As an author, you will receive free access to your article on Taylor & Francis Online. You will
be given access to the My authored works section of Taylor & Francis Online, which shows
you all your published articles. You can easily view, read, and download your published
articles from there. In addition, if someone has cited your article, you will be able to see this
information. We are committed to promoting and increasing the visibility of your article and
have provided guidance on how you can help. Also within My authored works, author eprints
allow you as an author to quickly and easily give anyone free access to the electronic
version of your article so that your friends and contacts can read and download your
published article for free. This applies to all authors (not just the corresponding author).
Reprints and journal copies

Article reprints can be ordered through Rightslink® when you receive your proofs. If you
have any queries about reprints, please contact the Taylor & Francis Author Services team
at reprints@tandf.co.uk. To order a copy of the issue containing your article, please contact
our Customer Services team at Adhoc@tandf.co.uk.

Open Access

Taylor & Francis Open Select provides authors or their research sponsors and funders with
the option of paying a publishing fee and thereby making an article permanently available for
free online access — open access — immediately on publication to anyone, anywhere, at any
time. This option is made available once an article has been accepted in peer review.

The Journal of Strength and Conditioning Research

The Journal of Strength and Conditioning Research (JSCR) is the official research journal of
the National Strength and Conditioning Association (NSCA). The JSCR is now published
monthly. Membership in the NSCA is not a requirement for publication in the journal. JSCR
publishes original investigations, reviews, symposia, research notes, and technical and
methodological reports contributing to the knowledge about strength and conditioning in
sport and exercise. All manuscripts must be original works and present practical applications
to the strength and conditioning professional or provide the basis for further applied research
in the area. Manuscripts are subjected to a “double blind” peer review by at least two
reviewers who are experts in the field. Editorial decisions will be based on the quality, clarity,
style, and importance of the submission relative to the goals and objectives of the NSCA and
the journal. Tips for writing a manuscript for the JSCR can be found at
http://edmgr.ovid.com/jscr/accounts/Tips for Writing.pdf. Please read this document
carefully prior to preparation of a manuscript. Manuscripts can be rejected on impact alone
as it relates to how the findings impact evidence based practice for strength and conditioning
professionals, end users, and clinicians. Thus, it is important authors realize this when
submitting manuscripts to the journal.

The JSCR will now administratively REJECT a paper before review if it is deemed to have
very low impact on practice, poor experimental design, and/or poorly written. Additionally,
upon any revision the manuscript can be REJECTED if experimental issues and impact are
not adequately addressed. The formatting of the paper is also of importance and
manuscripts will be sent back if not PROPERLY formatted.
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EDITORIAL MISSION STATEMENT

The editorial mission of the JSCR, formerly the Journal of Applied Sport Science Research
(JASSR), is to advance the knowledge about strength and conditioning through research.
Since 1978 the NSCA has attempted to “bridge the gap” from the scientific laboratory to the
field practitioner. A unique aspect of this journal is the inclusion of recommendations for the
practical use of research findings. While the journal name identifies strength and
conditioning as separate entities, strength is considered a part of conditioning. This journal
wishes to promote the publication of peer-reviewed manuscripts that add to our
understanding of conditioning and sport through applied exercise and sport science. The
conditioning process and proper exercise prescription impact a wide range of populations
from children to older adults, from youth sport to professional athletes. Understanding the
conditioning process and how other practices such as such as nutrition, technology, exercise
techniques, and biomechanics support it is important for the practitioner to know.

Original Research

JSCR publishes research on the effects of training programs on physical performance and
function to the underlying biological basis for exercise performance as well as research from
a number of disciplines attempting to gain insights about sport, sport demands, sport
profiles, conditioning, and exercise such as biomechanics, exercise physiology, motor
learning, nutrition, and psychology. A primary goal of JSCR is to provide an improved
scientific basis for conditioning practices.

Article Types

JSCR publishes symposia, brief reviews, technical reports and research notes that are
related to the journal’s mission. A symposium is a group of articles by different authors that
address an issue from various perspectives. The brief reviews should provide a critical
examination of the literature and integrate the results of previous research in an attempt to
educate the reader as to the basic and applied aspects of the topic. We are especially
interested in applied aspects of the reviewed literature. In addition, the author(s) should have
experience and research background in the topic area they are writing about in order to
claim expertise in this area of study and give credibility to their recommendations.

The JSCR strongly encourages the submission of manuscripts detailing methodologies that
help to advance the study of strength and conditioning.

Manuscript Clarifications

Manuscript Clarifications will be considered and will be published online if accepted. Not all
requests for manuscript clarifications will be published due to costs or content importance.
Each will be reviewed by a specific sub-committee of Associate Editors to determine if it
merits publication. A written review with needed revisions will be provided if it merits
consideration. Clarifications questions are limited to 400 words and should only pose
professional questions to the authors and not editorial comments (as of 19.2). If accepted, a
copy will be sent to the author of the original article with an invitation to submit answers to
the questions in the same manner again with a 400 word limit.
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Submissions should be sent to the JSCR Editorial Office via
email: jscr@uconn.edu.

Editorial Office

William J. Kraemer, PhD, FNSCA, CSCS
Editor-In-Chief,

Journal of Strength and Conditioning Research
Department of Kinesiology, Unit 1110
2095

Hillside Road, Gampel Pavilion

The University of Connecticut

Storrs, CT

06269-1110

Phone: (860) 486-6814

FAX: (860) 486-1123

Journal Email Address: jscr@uconn.edu
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must be included. In particular, authors should: 1) Disclose professional relationships with
companies or manufacturers who will benefit from the results of the present study, 2) Cite
the specific grant support for the study and 3) State that the results of the present study do
not constitute endorsement of the product by the authors or the NSCA. Failure to disclose
such information could result in the rejection of the submitted manuscript.
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Placement:. Make sure that you have cited each figure and table in the text of the
manuscript. Also show where it is to be place by noting this between paragraphs, such as
Figure 1 about here or Table 1 about here.
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Authors who submit color figures will receive an estimate of the cost for color reproduction in
print. If they decide not to pay for color reproduction in print, they can request that the figures
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Tables must be double-spaced on separate sheets and include a brief title. Provide
generous spacing within tables and use as few line rules as possible. When tables are
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file. The URLwill be placed in the call-out within the article. SDC files are not copy-edited by
LWW staff, they will be presented digitally as submitted. For a list of all available file types
and detailed instructions, please visit http:/links.lww.com/A142.
SDC Call-outs
Supplemental Digital Content must be cited consecutively in the text of the submitted
manuscript. Citations should include the type of material submitted (Audio, Figure, Table,
etc.), be clearly labeled as “Supplemental Digital Content,” include the sequential list
number, and provide a description of the supplemental content. All descriptive text should be
included in the «callout as it wil not appear elsewhere in the article.
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We performed many tests on the degrees of flexibility in the elbow (see Video, Supplemental
Digital Content 1, which demonstrates elbow flexibility) and found our results inconclusive.
List of Supplemental Digital Content
A listing of Supplemental Digital Content must be submitted at the end of the manuscript file.
Include the SDC number and file type of the Supplemental Digital Content. This text will be
removed by our production staff and not be published.
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Supplemental Digital Content 1. wmv
SDC File Requirements
All acceptable file types are permissible up to 10 MBs. For audio or video files greater than
10 MBs, authors should first query the journal office for approval. For a list of all available file
types and detailed instructions, please visit http:/links.lww.com/A142.
AUTHOR FEES
JSCR does not charge authors a manuscript submission fee or page charges. However,
once a manuscript is accepted for publication and sent in for typesetting, it is expected to be
in its final form.
OPEN ACCESS
LWW's hybrid open access option is offered to authors whose articles have been accepted
for publication. With this choice, articles are made freely available online immediately upon
publication. Authors may take advantage of the open access option at the point of
acceptance to ensure that this choice has no influence on the peer review and acceptance
process. These articles are subject to the journal's standard peer-review process and will be
accepted or rejected based on their own merit.
Authors of accepted peer-reviewed articles have the choice to pay a fee to allow perpetual
unrestricted online access to their published article to readers globally, immediately upon
publication. The article processing charge for The Journal of Strength & Conditioning
Research is $3,000. The article processing charge for authors funded by the Research
Councils UK (RCUK) is $3,800. The publication fee is charged on acceptance of the article
and should be paid within 30 days by credit card by the author, funding agency or institution.
Payment must be received in full for the article to be published open access. Any additional
standard publication charges, such as for color images, will also apply.
o Authors retain copyright
Authors retain their copyright for all articles they opt to publish open access. Authors
grant LWW a license to publish the article and identify itself as the original publisher.
e Creative Commons license
Articles opting for open access will be freely available to read, download and share
from the time of publication. Articles are published under the terms of the Creative
Commons License Attribution-NonCommerical No Derivative 3.0 which allows
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readers to disseminate and reuse the article, as well as share and reuse of the
scientific material. It does not permit commercial exploitation or the creation of
derivative works without specific permission. To view a copy of this license visit:
http://creativecommons.org/licenses/by-nc-nd/3.0.

e Compliance with NIH, RCUK, Wellcome Trust and other research funding
agency accessibility requirements
A number of research funding agencies now require or request authors to submit the
post-print (the article after peer review and acceptance but not the final published
article) to a repository that is accessible online by all without charge. As a service to
our authors, LWW identifies to the National Library of Medicine (NLM) articles that
require deposit and transmits the post-print of an article based on research funded in
whole or in part by the National Institutes of Health, Howard Hughes Medical
Institute, or other funding agencies to PubMed Central. The revised Copyright
Transfer Agreement provides the mechanism. LWW ensures that authors can fully
comply with the public access requirements of major funding bodies worldwide.
Additionally, all authors who choose the open access option will have their final
published article deposited into PubMed Central.

RCUK and Wellcome funded authors can choose to publish their paper as open
access with the payment of an article process charge (gold route), or opt for their
accepted manuscript to be deposited (green route) into PMC with an embargo.

With both the gold and green open access options, the author will continue to sign
the Copyright Transfer Agreement (CTA) as it provides the mechanism for LWW to
ensure that the author is fully compliant with the requirements. After signature of the
CTA, the author will then sign a License to Publish where they will then own the
copyright. Those authors who wish to publish their article via the gold route will be
able to publish under the terms of the Attribution 3.0 (CCBY) License. To view of a
copy of this license visit: http://creativecommons.org/licenses/by/2.0/. Those authors
who wish to publish their article via the green route will be able to publish under the
rights of the Attribution Non-commercial 3.0 (CCBY NC) license
(http://creativecommons.org/licenses/by-nc/2.0/).

It is the responsibility of the author to inform the Editorial Office and/or LWW that they
have RCUK funding. LWW will not be held responsible for retroactive deposits to
PMC if the author has not completed the proper forms.
FAQ for open access
http://links.lww.com/LWW-ES/A48
TERMINOLOGY AND UNITS OF MEASUREMENT
Per the JSCR Editorial Board and to promote consistency and clarity of communication
among all scientific journals authors should use standard terms generally acceptable to the
field of exercise science and sports science. Along with the American College of Sports
Medicine’s Medicine and Science in Sport and Exercise, the JSCR Editorial Board endorses
the use of the following terms and units.
The units of measurement shall be Syste'me International d’Unite” s (Sl). Permitted
exceptions to Sl are heart rate—beats per min; blood pressure—mm Hg; gas pressure—mm
Hg. Authors should refer to the British Medical Journal (1:1334 — 1336, 1978) and the Annals
of Internal Medicine (106: 114 — 129, 1987) for the proper method to express other units or
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abbreviations. When expressing units, please locate the multiplication symbol midway
between lines to avoid confusion with periods; e.g., mL_min-1_kg-1.

The basic and derived units most commonly used in reporting research in this Journal
include the following: mass—gram (g) or kilogram (kg); force—newton (N); distance—meter
(m), kilometer (km); temperature—degree Celsius (_C); energy, heat, work—joule (J) or
kilojoule (kJ); power—watt (W); torque—newton-meter (N_m); frequency— hertz (Hz);
pressure—pascal (Pa); time—second (s), minute (min), hour (h); volume—liter (L), milliliter
(mL); and amount of a particular substance—mole (mol), millimole (mmol).

Selected conversion factors:

_1N=0.102 kg (force);

_1J=1N_m=0.000239 kcal = 0.102 kg_m;

_1kJ=1000 N_m = 0.239 kcal = 102 kg_m;

_1W=1J s-1=6.118 kg_m_min-1.

When using nomenclature for muscle fiber types please use the following terms. Muscle
fiber types can be identified using histochemical or gel electrophoresis methods of
classification. Histochemical staining of the ATPases is used to separate fibers into type |
(slow twitch), type lla (fast twitch) and type llb (fast twitch) forms.Thework of Smerdu et. al
(AJP 267:C17283, 1994) indicates that type Ilb fibers contain type lixmyosin heavy chain (gel
electrophoresis fiber typing). For the sake of continuity and to decrease confusion on this
point it is recommended that authors use lIx to designate what use to be called IIb fibers.
Smerdu, V, Karsch-Mizrachi, I, Campione, M, Leinwand, L, and Schiaffino, S. Type lIx
myosin heavy chain transcripts are expressed in type llb fibers of human skeletal muscle.
Am J Physiol 267 (6 Pt 1): C1723—-1728, 1994.
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of the page. Alternatively, send an e-mail to customercare@copyright.com.
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Rights, Licensing & Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd,
250 Waterloo Road, London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail:
silvia.serra@wolterskluwer.com.
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APPENDIX B

Consent

Title of the project: Internal and external match loads of university-level soccer players: a

comparison between methods

[, the UNdersigned .........cciceiviieeeeeceee ettt aesaas (Full names) read/listened to
the information on the project in PART 1 and PART 2 of this document and | declare that |
understand the information. | had the opportunity to discuss aspects of the project with
the project leader and | declare that | participate in the project as a volunteer. | hereby give

my consent to be a subject in this project.

| indemnify the University, also any employee or student of the University, of any liability

against myself, which may arise during the course of the project.

| will not submit any claims against the University regarding personal detrimental effects
due to the project, due to negligence by the University, its employees or students, or any

other subjects.

(Signature of the subject)

Signed at .....ooooiiiiiiie e ON ottt et ete et e eraenes

Witnesses
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General information & measurement form

GENERAL INFORMATION

Please write clearly!

1. GEOGRAPHICAL INFORMATION

1.1 Surname: Initials First Name
1.2 Age:

Years: Months:

1.3 Birth date:

Year: Month: Day:

1.4 Job description (cross out the one that is applicable):

Student Part-time employment

*Full-time employment

*Major sponsorship
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* Please specify if you marked any of these two options:

1.5 Permanent residential address in South Africa:

1.6 Permanent postal address in South Africa:

1.7 Phone numbers:

Home: Work:
ax: Cell:
E-mail
1.8 Ethnic group
White Coloured Black Indian

In the next few question cross out the answers that are applicable to you!!

2. INFORMATION REGARDING TRAINING HABITS

2.1 Years you’ve been playing soccer - since you started to specialise in soccer.

1-2 years 3-4 years 5-6 years 7-8 years 8-9 years 10-11 years | 12 or more
2.2 Frequency of training - how many days per week do you normally train?
1 day 2 days 3 days 4 days 5 days 6 days 7 days
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2.3 Frequency of training - how many days per week do you normally do weight training?

1 day 2 days 3 days 4 days 5 days 6 days 7 days

2.4 Frequency of training - how many days per week do you normally have field sessions?

1 day 2 days 3 days 4 days 5 days 6 days 7 days

2.5 How many hours per day do you normally train?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.6 How many hours per day do you normally spend on weight training?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.7 How many hours per day do you normally spend on training in the field?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.8 How do you think does your coaching compare with those of international rugby
players?

Does not compare well atall | Does not compare well In some aspects the | Very well
same

2.9 Do you spend any time on psychological preparation for soccer and competitions?

Never *Sometimes *Often *Always

* Please specify the type of psychological preparation you do if you marked any of these
three options:

3. MEDICAL INFORMATION

3.1 Please describe any past or current injureis you have incurred (i.e., muscle pulls,
sprains, fractures, surgery, back pain, or any general discomfort):

Head/Neck:
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Shoulder/Clavicle:

Arm/Elbow/Wrist/Hand:

Back:

Hip/Pelvis:

Thigh/Knee:
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Lower leg/Ankle/Foot:

3.2 Please list any medication being taken currently and/or taken during the last year:

3.3 List any other illness or disorder that a physician has told you of:

4. COMPETITION DATA

4.1 At what level are you competing this year?

4.2 What is the highest level that you competed at last year?

Club Provincial National International

4.3 How many matches, approximately, have you played?

Club = Provincial/National =

4.4 What were the highest achievements you attained the past two years?

Achievement Competition Date

4.5 What position/s do you usually play during matches?

Defender Midfielder Attacker
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(APhASRec l[l‘j

PHYSICAL ACTIVITY, SPORT & RECREATION

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOM CAMPUS

®

NAME AND SURNAME:

TRIAL 1 TRIAL 2 AVERAGE
STATURE (cm)
BODY MASS (kg)
SPEED

TRIAL1 TRIAL 2 FASTEST
5 M (SEC)
10 M (SEC)
30 M (SEC)
40 M (SEC)
Yo-Yo test
Yo-Yo test Heart rate: Level:

MATCH - DATE AND TIME OF MATCH:
TEST COMPONENT VALUES

GPS MONITOR NUMBER (LONG AND SHORT)

POLAR TRANSMITTER NUMBER

TIME - START OF MATCH (H:MIN)

TIME DURATION BEFORE FIRST BREAK (SEC)

BREAK 1 (H:MIN)

139




APPENDIX C:
GENERAL INFORMATION & MEASUREMENT FORM

TIME - END OF MATCH (H:MIN)

BREAK 1 (H:MIN)

TIME - END OF MATCH (H:MIN)
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EDITING
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20 November 2014

I, Ms Cecilia van der Walt, hereby confirm that I took care of
the editing of the thesis of Ms M Spar‘k; titled INTERNAL
AND EXTERNAL MATCH LOADS OF UNIVERSITY-LEVEL
SOCCER PLAYERS: A COMPARISON BETWEEN METHODS.

O O tern IV

MS CECILIA VAN DER WALT

BA (cum Laude)

HOD (cum Laude),

Plus Language editing and translation at Honours level (Cum Laude),
Plus Accreditation with SATI for Afrikaans and translation
Registration number with SATI: 1000228

Email address: ceciliavdw®Ilantic.net

Mobile: 072 616 4943

Fax: 086 578 1425
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