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Preface

This thesis is for the degree of Doctor of Philosophy and is in the format of conventional thesis.
The thesis abides by the ‘Procedures for Presentation and Submission of Theses for Higher

Degrees — University of Technology, Sydney; Policies and Directions of the University’.

The data collected by the candidate has resulted in five manuscripts being published in peer-
reviewed journal articles. In addition, the thesis contains two manuscripts that have not been
submitted for peer-review. The thesis begins with an introduction to provide a background to
the research problem, followed by two literature reviews which in combination provide an
overview of training monitoring and measurement characteristics of athlete monitoring tests in
professional Australian football, and highlight gaps in current research pertinent to the stated
research problems to be addressed in the thesis. Each study that follows is presented in
manuscript form, including an introduction section, methods section, statistical analyses
section, results section, discussion section and conclusion with practical applications. Figures
and tables appear in the thesis within each manuscript as they appear in publication. A general
discussion chapter is presented following the final study, reviewing and integrating the main
findings of the thesis with previous research and associated limitations of the investigations.
The final chapter provides a summary of the contribution of the thesis and directions for future
research. Journal of the American Medical Association (JAMA) referencing style is used

throughout the thesis, with a list of references provided in Chapter Eleven.
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Thesis Abstract

Australian football (AF) is a physically-demanding, high-intensity field-based sport with
players competing in the presence of performance-related psychological stress. This requires
detailed monitoring of players for training and competition to maximise their readiness for
high-level performance. Historically, monitoring team sport athletes has been based on the
theoretical ‘fitness-fatigue’ model whereby performance can be deduced with knowledge of
fitness (positive effects of training completed) and fatigue (residual impairments of function
due to an acute training dose) over acute (~15 days) and chronic timeframes (~50 days).
However, in practice, individual training load is prescribed to players over acute timeframes of
~7 days prior to competition matches, dictated by scheduling of matches every 6-8 days during
the competition season. The prescription of acute training load is informed by a range of athlete
monitoring data measuring training load completed, training response and neuromuscular
performance. However, despite anecdotal evidence of the use of individual acute training load
prescription in professional AF, it has not been presented empirically. This thesis contains five
studies that aim to build a novel conceptual model of acute training load prescription using a
refined collection of monitoring tests with suitable measurement characteristics that relate to
competition performance in professional AF. Study One and Study Two evaluated the
measurement characteristics of reliability and sensitivity of common tests of training response,
neuromuscular performance and aerobic fitness using test-retest and signal-to-noise ratio
methods. The results showed that perceived wellness questionnaires, countermovement jump
tests, eccentric hamstring force tests, isometric adductor force tests and heart rate recovery tests
possess acceptable reliability and sensitivity, allowing confident identification of meaningful
test results for practitioners. Study Three and Study Four addressed the issue of monitoring data
overload for team sport practitioners by applying principal component analyses (PCA) to the

monitoring tests established in Study One and Study Two in addition to measures of training
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load and extended this analysis to propose two practical methods of using the results of PCA
to enhance efficiency in team sport monitoring systems. Study Three demonstrated that external
load, internal load and perceived wellness represent statistically separate constructs of the
training process, across acute (7-day) and chronic (28-day) timeframes commonly used to
categorise athlete monitoring data. Study Four identified components to represent isometric
adductor force, eccentric hamstring force and countermovement jump power. These findings
indicate that many individual measures commonly collected and analysed in professional team
sport monitoring systems assess similar aspects of the training process, and hence some
variables can be excluded from monitoring systems to enhance efficiency in the use of financial
and human resources. Study Five analysed the effect of a refined collection of measures of
training load, training response and neuromuscular output from previous studies in the thesis
and showed that z-score increases in individual acute training load associated with an 18-23%
increase in performance z-score. This finding indicates that team competition schedule may
have a confounding effect on acute load completed prior to a match as longer between-match
periods provide for opportunity and flexibility for greater load completion. Study Five also
found no significant relationships between a range of other commonly collected monitoring
variables and performance change. Collectively, the thesis populated a novel conceptual model
of acute training load prescription with individual adjustments of acute load informed by a
refined range of reliable and sensitive monitoring measures that relate to individual

performance changes.



Table of Contents

Certificate of Authorship and Originality of Thesis ........ccccceeviiieiiiirciiiiciie e i
ACKNOWIEAZEIMENTS ......viiiiiieciiie et ettt e e st e et e e etaeeesaeesssaeesssaeessseeesnseens i
PIETACE. ..ottt sttt et v
List of manuscripts submitted for publication .............ccceevieriiieniieiiieiie e v
Conference proceedings and abSTraCTS ..........eccvieriieeiieniieiiieiieete e vi
Statement of candidature CONIIDULION .........oeiuiiiiiiiiiiiieie e vii
TRESIS ADSIIACE.....eentiieiieetie ettt et sttt e et e e st e e saeeenbeeees viil
TabIE Of CONLENLS ......eeueieiieiieieee ettt et ettt e et et et e bt et e s e seeenbeennas X
LSt OF TADIES ..ottt ettt st nae et saeen Xii
LSt OF FIGUIES ...ttt ettt ettt et eebaesabeesbeessseensaessaeenseennns xiil
ADDIEVIATIONS ...ttt ettt et e et e st e bt e saeeeabeesateenseesnbeenbeenaeeenseenneas Xiv
Chapter One | INtrodUCTION. ......coueiuiiiiiiieit ettt 1
BacKIoUNd .....cooooiiiiiiii e e 2
ReSearch QUESTION .....cccuuiiiiiiiiiic e et e e e e e e ata e e e e eaar e e e e e aaaeaeas 3
ReESCATCH OB JECHIVES ..cuiiieiiiiieiiie ettt et et e e et e e s naaeeesseeesnseeennseens 3

Chapter Two | Review One | Training monitoring in professional Australian football:

theoretical basis and recommendations for coaches and SCIENTISES.....ccevveeuemmeeeeeeeeeeeeeeeeeeeeeens 9
AADSTTACT ..ottt ettt et e et e et e e e aae e e e e aeaeaeeaneaaaaaaanaaraaa———_ 10
TN OMUCTION ...ttt ee e e e eeeeeeeeeeeeeeaeeaeeaneneeeeenennnes 11



Theoretical basis of athlete MONItOTING.........cccveieiiiieiiieeieeee e e 12

Training delivery in professional Australian football............cc.ccccoviiiiiiicciiinieeen 14
Monitoring player readiness in professional Australian football.............ccooerieninnenne. 15
Measuring training response professional Australian football ............ccccoocveviniininnennnn. 18

Measuring fitness and neuromuscular performance in professional Australian football 20

Acute training periodisation and delivery in professional Australian football................ 23
Practical APPIICALIONS ......ccviieiiiiieiiieciee ettt et e e e e stae e e taeestaeeenbaeesereeesnseeas 24
COMCIUSIONS ...ttt ettt e b e et e et e et e sbe e e bt e s teeeabeesseeenbeesseesaneenneaans 25
Chapter Three | Review Two | Measurement properties of athletic testing............cceeeeeeenneen. 26
ADSITACT ...ttt ettt ettt eare s 27
INEEOAUCTION ...ttt sttt et st e bt e e esaeeenneas 28
VALIAILY ..ottt ettt et st ettt ettt e e b aeeeateas 29
REHIADIIIEY ...ttt ettt st 29
SENSIEIVITY 1veeeitieeiiieeitiee ettt e ettt e ette e et e e st teestee e steeessaeeesseeesseeanssaeansseeanseeessseeensseesnnseennns 30
DIaGNOSTIC ACCUTACY ...uvvieiiiieeiiiieeiieeetiee ettt e etee e et e e eteeessteeessseeesseessseesnsneessseeensseeennseens 32
CONCIUSION ..ttt ettt et ettt e et e st e sbeesareenbeeeas 32

Chapter Four | Study One | Measurement properties of an adductor strength-assessment

system in professional Australian footballers............cccoeiiieiiiiiiiniii e, 34
ADSITACE ...ttt bbbttt h ettt nb e et eaees 35
INEEOAUCTION ...ttt sttt ettt st e es 36
IMEEEIOMS. ...ttt et ettt e b e st e eb e et aeean 37
StatiStICAl ANALYSES ..uvvieieiieeiiieiiieeeteeeeteeeetee et e et e et eeeeaee et e e e taeessseeessbeeeesneeeanreeenns 39



RESUIES ettt e et e e e e e e et e e e e e e e e e e e e e e e e e e 39

IS CUSSION et ettt e e e e e e e e e e e e e e e e e e e e e e e e aeaeeeeee e e aaeeeeeeeneannnns 41
CONCIUSION ..o 43
Practical APPLICALIONS .........eevuiiiiieiiieeie ettt st e e be e eneeneees 43

Chapter Five | Study Two | Measurement characteristics of athlete monitoring tools in

professional Australian football.............cccieiiiiiiiiiiiii s 44
AADSTTACT ...ttt et ettt b e et h e e et be e st e e nhteebeeeaeeeatean 45
INEEOAUCTION ...ttt et ettt et e st e sae e et e aeeenseas 46
IMEEEIOMS. ...ttt et ettt e ettt ettt eeae e et aeeeanean 49
StatiStIcCAl ANALYSES ....vieiieiiiiiiieeiieieeeie ettt ettt e st e et e e saae b e ssaeenreesaaeenreennns 52
RESUILS ..ttt ettt ettt b et st e e e enees 53
DISCUSSION ...ttt ettt ettt et e st e bt e et e et esabe e beeenbe e seesabeenseeenseeaneesnseas 57
CONCIUSION ..ttt ettt ettt et eb et e b sbe e bt e st e sbeenbeeanenaeens 61
Practical APPLICAtIONS ....co.eieuiiiiiiiiriiiteeteee ettt st 62

Chapter Six | Study Three | Data reduction approaches to athlete monitoring in professional

Australian football ..........ooooiiiiii s 63
ADSITACT ...ttt sttt et et et saeeeaee s 64
INEEOAUCTION ...ttt st et as 65
IMEETROMS. ...ttt ettt 67
StatiStical ANALYSES .....eieiieiiiieiieeie ettt ettt et eees 71
RESUILS ...ttt sttt ettt et es 74
DISCUSSION ...ttt ettt et ettt e s et e bt e e st e beesateenbeeenbeenseesanean 75

Xii



CONCIUSION ..ttt ettt et e sb e et e bt e et e e s bt e e sbeesbeesabeenaeeens 82
Practical APPIICALIONS .....cccuiieiiiiiiiiie ettt et e et e e ae e e stae e e taeeestaeeessaeessseeennseeas 83

Chapter Seven | Study Four | Application of a data reduction approach to neuromuscular

performance measures in professional Australian football.............ccocoviiiniininniineee, 84
ADSITACE ...ttt ettt b ettt b et et sh et ettt e aeeaees 85
INEEOAUCTION ...ttt sttt et sb et st eaees 86
IMEEEIOMS. ...ttt ettt e b e ettt st enae e bt aeeeatean 88
StatistiCal ANALYSES ...c..eeuviriiiiiiieriieee e 90
RESULLS ...ttt ettt ettt e st e bt e b e aeeeaeeas 91
DIISCUSSION ...ttt ettt ettt ettt s e ettt e ae et e et e sate s bt enbeeatesaeensesstesseenneenees 94
CONCIUSION ..ttt ettt ettt ettt et e et e eb e e bt et e ssee bt enteeneeseennesneens 95
Practical APPIICALIONS .....cccviieiiiiiiiieeiiee ettt e et e e e e e stae e e aaeeesaeessseeesareeennseeas 96

Chapter Eight | Study Five | Associations between refined athlete monitoring measures and

individual match performance in professional Australian football.............c.cooeviiiniininninin, 97
AADSITACT ...ttt ettt ettt et e ettt e bt e bt e e bt e tee et e enaeeenbeeaneeennean 98
INEEOAUCTION ...ttt st et as 99
IMEEEROMS. ..ottt sttt et st 102
StatiStICAl ANALYSES .uvveeiiiieiiiieiiie ettt ettt e et e et e et e e st e e et eeebeeeenbeeennreees 105
RESUILS ...ttt et sttt 111
DIISCUSSION ...ttt ettt sttt et b ettt sb et et e s bt esbesatenbeenteebeenbeenee 116
Practical APPLICAtIONS .........oocuiiiuiiiiiiie ettt 119
CONCIUSION ..ttt ettt ettt s bt et esbe e et e saeeeanean 119



Chapter Nine | General DiSCUSSION .......uieiiiieiiieeiiie e eeeeeteeeieeeeteeeereeesreeessaeeesnseeesanee s 121

Measurement characteristics of athlete monitoring tools ...........cccveeviieecieeniieeeciie s 123
Data reduction approaches to athlete moONItoring ............ccceeveerieeiiienieenienie e 128
Associations between refined athlete monitoring measures and performance .................. 132
LAMIEATIONS 1.ttt ettt et et b et st ettt e at e bt et satenb et eaeenbe e 137
Contribution Of TRESIS ...c..eiiiieiiiiiee et 138
Practical APPIICALIONS .....cccuviiiiiiieeiiieeiie ettt tee et e e ste e e tbeeeseaeeesaeessaeesssaeessseeesasaeenns 140
Chapter Ten | Summary and future dir€Ctions ..........cocueveevieeiiiniinienienieeeeeee e 142
01000 10 PSP 143
FULUIE DITECHIONS ...ttt sttt et et ae et e e e 143
Chapter Eleven | REfEIENCES .......couiiiiiiiiieiieeiiee ettt 146
Chapter TWelve | APPENAICES .....oouviiiiiiiieiie ettt ettt et 154
Appendix A: University Ethics Approval.........ccoceeveiiiniiiiniiniiiiccieeeeeeeeeeee 155
Appendix B: University Ethics Amendment Approval ...........ccoceeiiiniiiiiniiniieniceeee 156

Xiv



List of Tables

Table 1.1: Percentage contribution of authors to peer-reviewed manuscripts of thesis. ........ vii
Table 3.1: Definitions of monitoring tool diagnostic characteristics. ...........ceoervuervererruennnens 32
Table 4.1: Test-retest reliability of GroinBar Hip Strength Testing System. ...........c.cccue..e... 40

Table 4.2: Signal-to-noise ratio of adductor strength at 48 h, 72 h and 120 h post-match. ....40
Table 5.1: Test-retest reliability of heart rate recovery, perceptual wellness,
countermovement jumps and eccentric hamstring force tests. .......cccoovvvevieriiiceenieenienieenee. 54

Table 5.2: Weekly variation and signal-to-noise ratio of heart rate recovery,

countermovement jumps and eccentric hamstring force tests. .......c.coovueevieriieiieniieenienieenen. 55
Table 5.3: Weekly variation and signal-to-noise ratio of perceptual wellness measures. ...... 56
Table 6.1: Definitions of acute and chronic training load measures used in PCA. ................ 70
Table 6.2: PCA of “Daily” training load and response measures. ..........c.ccecveeeveerveereenneennen. 72
Table 6.3: PCA of “Chronic” training load and response measures. ...........c.coceereeereenereennen. 73
Table 6.4: Summed variable approach to component one of “Daily” PCA. ........c..ccceeeurnneee. 81
Table 7.1: PCA of neuromuscular performance measures...........ccceeeveeeeuieencieeeniieeenieeesnneeenns 92

Table 7.2: Summed variable approach to components of neuromuscular performance

MEASUIES PO AL L.ttt ettt st e bt e e e b saneas 93
Table 8.1: Definitions of derivative training load measures used in PCA..........c..cccceeenne. 107
Table 8.2: PCA of athlete monitoring MeEaSUIES. ..........cccvierrieeriieeniieeeiie e eeieeeevee e 108
Table 8.3: Justification for selection of single variable covariates. ...........cceccveerevveerieeennnenn. 109

Table 8.4: Generalised Estimating Equation model effects for summed variable component
z-score vs. individual match performance z-SCOore...........cccueervieerieeeriieeiee e 112
Table 8.5: Model fit with addition of covariates to significant model (Model 5) for summed

variable component z-score vs. individual match performance z-score. ...........cccoeceerieennnenn. 113

Xii



Table 8.6: Generalised Estimating Equation model effects for single variable z-score vs.
individual match performance Z-SCOTE. .........cccuiieriieeiiieeieeee et e e e s 114
Table 8.7: Model fit with addition of covariates to significant model (Model 5) for single

variable z-score vs. individual match performance z-score. .........ccceevieeeiireecieenciieeeee e, 115

Xiii



List of Figures

Figure 1.1: Schematic representation of the thesis. ..........ccceeveriiriiiiiiinienee 5
Figure 6.1: Scree-plot of Daily monitoring measures PCA............ccccoviriiniininienienecenens 74
Figure 6.2: Scree-plot of Chronic monitoring measures PCA........cccccoceevevieninienieneeenens 75
Figure 7.1: Scree-plot of neuromuscular performance measures PCA. ...........ccccoovvevviiennnn. 93
Figure 9.1: Conceptual model of the PhD. ........cccooiiiiiiiiniiiie e 136

Xiii



Abbreviations

AF
AFL
AU

AUC

bpm
CI
cm
CMJ

CvV

ES

Exp(B)

GPS

HRex
HRR
HSR
Hz
ICC

IMA

km-h”

Australian football
Australian Football League
arbitrary units

area under the curve

beta

beats per minutes
confidence interval
centimetres
countermovement jump
coefficient of variation
day

effect size

beta exponent

global positioning system
hours

heart rate during exercise
heart rate recovery
high-speed running

hertz

intraclass correlation coefficient
inertial movement analysis
kilograms

kilometres per hour

Xiv



LPS

m/s

MCIC

MTP

N/kg
PC
PCA
QIC
ROC
RPE

RSImod

SD
SNR
SRPE
SWC
TD

TE
TRIMP
VHSR

W/kg

local positioning system

metres

metres per second

minimal clinically important change
millimetres

mid-thigh pull

Newtons of force

Newtons per kilogram

principal component

principal component analysis
quasi-likelihood independence model criterion
receiver operating characteristic
rate of perceived exertion
reactive strength index modified
second

standard deviation of the mean
signal-to-noise ratio

session rate of perceived exertion
smallest worthwhile change

total distance

typical error

training impulse

very high-speed running

watts per kilogram

XV



	Title page
	Acknowledgements
	Preface
	List of manuscripts submitted for publication
	Thesis Abstract
	Table of Contents
	List of Tables
	List of Figures
	Abbreviations



