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Abstract

The aim of this research was to describe the epidemiology of musculoskeletal (MS)
injuries in two- and three-year-old Thoroughbred racehorses. A 27 month longitudinal
study commencing in May 2000 was conducted. The study convenience sampled 14
trainers with facilities at metropolitan and provincial racetracks in New South Wales,
Australia. In the 2000/01 and 2001/02 racing season, 323 and 128 two-year-olds,

respectively, were enrolled in the study.

The 451 Thoroughbred horses contributed, 1, 272 preparations and 78, 154 training
days to the study. Of the 323 horses enrolled in the 2000/01 racing season, 219
contributed three-year-old data to the study. During the study period 8%, of training
days had missing training data and 3% of the 1, 986 starts in the races or barrier trials
were incorrectly recorded. The rate of incorrect entries varied with both study month
and trainer. Similarly, the rate of training days with missing data varied between trainers

and with study month.

Four hundred and twenty-eight MS injuries were recorded in association with 395
preparations in 248 two- and three-year-old Thoroughbred racehorses. The IR for all
categories of MS injuries, except for tendon and ligament injuries, were higher in two-
year-olds than three-year-olds, although the differences were only significant for shin
soreness. Seventy-eight percent of horses enrolled in the study started, in a barrier trial
or race, within one year on entering the study. After accounting for other confounders,
horses that had sustained a MS injury were 0.50 times less likely to start, in a race or
trial, race than those that did not sustain an injury. Seventy percent of horses returned to
training after their first MS injury, and the cumulative percentage of these horses that
had recovered within six months of the initial MS injury was 55%. After adjusting for
clustering at the level of the trainer, the analysis showed that horses that exercised at a
gallop pace > 890 m/minute (but had not started in a race) prior to the onset of MS
injury, were 2.14 times more likely to recover than horses whose maximum speed, prior
to the onset of the first MS injury, was less than 890 m/minute. Similarly, horses that
had started in a race or barrier trial were 4.01 times more likely to recover than horses

whose maximum speed was less than 890 m/minute.



Training days were grouped into units referred to as preparations. A preparation began
on the day that the horse was enrolled in the study, or when a horse returned to training
after an absence of more than seven days from the stable. The preparation continued
until the horse was lost to follow-up or left the stable for a period of more than seven
consecutive days. Univariable and multivariable analytical methods were used to
examine the association between a range of independent variables and four preparation-
level measures of performance: (i) the duration of preparations, (ii) length of time from
the beginning of the preparation until the first start in a race or barrier trial, (iii) length
of time from the first start until the end of the preparation and (iv) rate of starts in races
or barrier trials. After adjusting for confounders, younger horses tended to have shorter
preparations, took longer to start in a race or barrier trial, had a shorter interval from the
first start to the end of the preparation and fewer starts per 100 training days. MS injury

was not conditionally associated with any of the outcomes considered in this chapter.

Multivariate statistical models were used to explore risk factors for MS injuries. The
results suggest that MS injuries involving structures in the lower forelimb (carpus to
fetlock inclusive) could be reduced by limiting exposure to high-speed exercise. This
supports the proposition that training injuries are caused by the accumulation of micro
damage. The results suggest there are a number of other factors that vary at the trainer
level that may be risk factors for injuries, in particular joint injuries. These include
unmeasured variables such as the rate of increase in distance galloped at high-speed,

conformation of the horse, skill of the riders and farrier and veterinary involvement.



Acknowledgements

Funding for this project was provided by the Rural Industries Research and
Development Corporation and NSW Racing Research Fund. AAPT ™ provided free
access to their commercial database of racing and barrier trial results for the duration of

the study.

A number of people also contributed to this project and I am extremely grateful for the

support.

Firstly, I would like to say a very sincere thankyou to the participating trainers and their
staff. There were moments when the data collection was an intrusion in their busy work
schedules, but they always found time to complete the questionnaires. The dedication
and commitment of these people made the data collection process an enjoyable

experience and were a major contributor to the success of the study.

Thanks also to the veterinarians and racing officials who provided assistance through

the study and Sebastian Werner for design of the study database.

A special thanks to David Evans and Nigel Perkins, for their assistances through my
PhD. During my PhD I was fortunate enough to spend a great deal of time at the
EpiCentre, Palmerston North, New Zealand. I am very grateful for the help and support
I received from all the staff and students at the EpiCentre. Assistance was also provided

by Professors David Hodgson and Stuart Reid.

Finally, I wish to extend a heartfelt thanks to my friends and family who provided much
needed support throughout my PhD.



10



Table of contents

ADSTIACE ...ttt ettt ettt ettt ettt b e 7
ACKNOWIEAZEIMENTS .....eeuviiiiieieciecie ettt ettt et et seaeeebe e b e e saeessseesseesseessneenseas 9
LISt O FIGUIES 1eeevvvieciiiieiee ettt stte ettt e st e et e e stee e seteeetbaessnaeessaeessaessseeessennns 15
LSt Of TADIES ...ttt 17
List Of ADDIEVIAtIONS .....cueiuiiiiiiiiiiiiiiiiricriceeneet ettt 23
Chapter 1: INtrodUCHION ......ccuvieiiiieieccrie ettt et e e er e sbee e str e e e staeesssaeessneens 25
Chapter 2: LItETAtUIC TEVIEW ....ccuveerveeeiiierrieesreesrteessreesseeesseeassseesseesssseesssseesssessssseenes 29
2.1 TNEEOAUCHION ...ttt sttt 31
2.2 Epidemiology and MS injuries in hOrSeS ..........ccvevveeriieiieriieniiesiiesveeieesieeseeeeenes 31
2.3 DefinINg MS INJUTIES...ccuviiiriieireeereeeerieeireesreeestreesreeessreesssseessseesssseessseesssseensnes 32
2.4 Observational Study deSIZI .....c.eevuerueiriiriiiinieiereee e 34
2.4.1 CaSC-CONIOL ...cuviiiiiiiiiieiieiteteet ettt ettt st 35
2.4.2 Case-CroSSOVET STUAY .....veeruierieirieriienieeteeteeseeeteereesteesseeeereeseessaessseenseesseas 36
2.4.3 CONOTT STUAIES ...evviiiiiieiieiieieeiee ettt 37

2.5 Measures Of @SSOCIAION ......eviruieriiriieiieniieieeitete ettt 38
2.6 Frequency and impact of MS iNJUIIES .......c.ceevieriieiierieenieeeeeere et 39
2.6.1 Racing-related MS INJUIIES .....ccvieriiirieiiieieesiee et eve e e 39
2.6.2 Training-related MS INJUITES .....c.eeriieiieiieieeee e 40

2.7 Risk factors for MIS INJUIIES ......coeevuerieriiriierieiieieseete et 42
271 SCK ittt 42
272 AR ettt 43
2.7.3 Skeletal IMmMatuIity ......cceeeeeeieeeienieeieeeeee ettt ettt 44
2.77.4 BONE SITENEZLN ....ooiiieiieiieeieeieeeeeee ettt et et nneas 44
2.7.5 Body Size and COmMPOSIHION.........cecvieriereieeiieiierieeeeereereesteesereeseesseessneennes 45
2.7.6 CONTOIMATION ...euiiniiiieiieiieieeit ettt ettt 46
2.7.7 Shoeing and hoof angles ...........ccoevvieriiiininiiiiieeee e 46
2.7.8 Previous or pre-eXiSting INJULY .....ccveeveecieeereeneesieeieeneeesresreeseessessseeseessees 47
2.7.9 FAtIZUE.....eiiiiieciie ettt sttt e et e e s re e e v e e e seaeesrtaeessaesssseesrsseensseennens 48
2.7.10 GENELICS ..ttt ettt ettt sbe et 48
2.7.11 Training-related factorS.........ccverieriieiciiecierie e 49

11



2.7.12 Extended breaks fOr training.........ccceeeeeeeciierienieeieeeeseeseeeeveesieeseeeseeenens 52

2.7.13 Track-related factors .........ocuevieiieririeniiiie e 52
2.7.14 Seasonal €ffeCtS........cceeriieiieieie ettt 59
2.7.15 Stable Management...........c.ccecueeruierienienieeieeeeeete e e seeesiee s e eeeeseesneesneeens 60
B B W30 2 T 1< RSP URUSRSRRR 60
2.8 CONCIUSION ..ttt ettt ettt ettt e sa e st et e et e sneeeateeseenneens 60
Chapter 3: Design, implementation and management of an epidemiological
investigation of musculoskeletal injuries in Thoroughbred racehorses.............cceue...... 62
N o113 ¢ Ty PR S 64
3.1 INEOAUCEION ...ttt ettt ettt sttt sae e b saeens 65
3.2 Materials and MEthOds .........cccueiiiiiiiiie e 66
3.2.1 FUNAING aNd SCOPE ...eeovvieeiieiieeiiieiieieettesee ettt e seeeveebeesaeesaesseenseenseesnseens 66
3.2.2 Recruitment and enrolment of trainers...........cocvevvereerienienienieneniereseeeeeeen 66
3.2.3 Recruitment and enrolment 0f hOTrSes .........ccceeoveriirieniinieninieeceeeeeen 67
3.2.4 Data COLLECLION .....eeueiiiieeiieeiieete ettt ettt et e nee e ens 67
3.2.5 Data management and validation............ccccoecvieciienienieecieeeeee e 69
3.2.6 Classification of StUdy tiMe .........ccceevieriiiriiiiiiieiiecieee e 70
3.2.7 StatiStical ANalYSIS.....cueiviiererieiiiieerieeriee et eee e e e e e erre e e rae e sreeeereeas 70
3.3 RESUILS ...ttt et ettt e et e s neeeateeneean 71
3.4 DIISCUSSION ..cuetieetieiieeiieeteeseeste e teesteessteeseesseessseenseeseesnsessseeseessseenseenseesssessseanses 82
Chapter 4: Profiling Australian two- and three-year-old Thoroughbred racehorses I:
Incidence and impact of musculoskeletal INJuries ........ccceevvieeciiiniieciieeee e 86
N 1] 3 Ty U PR 88
N B 113 (016 1017 51 WS URR 89
4.2 Materials and MEthOdS ...........ooerieriiiieiiiiee e 90
4.2.1 StUAY dESIN....eviiiiiieeiiieeiee et ecree ettt e eere e stee e e estreessraeessbaesnnaeennreas 90
4.2.2 Classification of MS INJUIIES ......cccceerierieiieeiecie et 91
4.2.3 Calculation of incidence rates for MS injury........ccccceevvevenieneniencneeienen. 91
4.2.4 Statistical ANnalYSIS.......ccveevierieiieeiieeereeste ettt sete et ettt e r e b reeeeae s 92
4.3 RESUILS ..ttt ettt ettt et et ettt e et e b e neeeneeeneean 96
4.4 DIISCUSSION «.eentieiieeieeiieeteete et eseeete e st eastesseeeaseesseesneesnseenseaseesnseenseeseesneesnsennns 109
Chapter 5: Profiling Australian two- and three-year-old Thoroughbred racehorses II:
TTAINING PIEPATALIONS ....eevveeeieeereeieerteeseeereesteesteesaeesseeseesseessseasseeseesseesssesssessseessesssnes 114
AADSIIACE ...ttt ettt ettt ettt h ettt ettt e bbb et et enee e 116

12



oI B § 150 16 10115 o ) s W 117

5.2 Materials and methods ...........ccooieiiiiiiiiiiiiiiiii e 118
ST BN 1016 A A« 13 T 1 S 118
5.2.2 Classification of study time..........cccevieriiieiieiieie e 118
5.2.3 Statistical analySiS ......cecueveriiriiierieeiceeee e 119

5.3 RESUILS 1. 121

5.4 DISCUSSION ...ttt sttt sttt ettt sbe et s b et e e sae e e b eae 134

Chapter 6: Risk factors for musculoskeletal injuries involving the lower forelimb in the
first training preparation with exposure to high-speed exercise ...........cceevveevvverieenennne. 140

ADSITACT ..ttt sttt e 142

6.1 INtrOAUCTION ...ttt 143

6.2 Materials and methods ..........ccceeoiiriiiiiiiin e 143
6.2.1 StUAY AESIZN...uviieiiiiieiieieceeee ettt e et e st ere e re e naeennas 143
6.2.2 Classification of study time.........ccceevvieeviiiviierieriii et 144
6.2.3 Calculation of exposure to high speed eXercise......c.cceovvvevreervrirencreeerveennne 145
6.2.4 Selection of cases and CONIOLS ......c.eevuerieriiriiiieiieieneeeeeeee e 146
6.2.5 Statistical ANALYSIS ...c.ecvvierieriieiieiieceeeee ettt 146

0.3 RESUILS ..o 147

0.4 DISCUSSION ...ttt sttt ettt ettt e b e sbe e 154

Chapter 7: Risk factors for first musculoskeletal injury in two- and three-year-old
Thoroughbred raCEROTSES ........cocieeiieiieieieeiteeete ettt s ae e e see e ens 160

ADSIIACE ...ttt sttt st 162

7.1 INErOAUCTION ...ttt s 163

7.2 Materials and methods ..........coccoieriiiiiiiiiiiii e 164
7.2.1 StUAY AESIZN...uviiieiiieiieiiieiieceeete ettt ettt e et see e et ere e teeenaeennas 164
7.2.2 Classification of study time.........c.cccevveieciiiiriiiecriiecree e 164
7.2.3 Calculation of exposure to training related variable ............cccceeveeiienennne. 165
7.2.4 Statistical analYSIS .......cecueveriiriiiierieeieeseee s 166

7.3 RESUILS ...ttt 168

7.4 DISCUSSION ...ttt ettt ettt et ettt sae e st sbe e sae e e reeae 171

Chapter 8: General DiSCUSSION .......c.eerierieeiieiieeie et eieee et eie et e see e e e seeseeseeens 178

8.1 Frequency and impact of MS iNJUIIES ........cccveevieriieriieiiecieceeeee e 179

8.2 Training PrePaATAtIONS .....ccccveeeeureerrieesireeierreerereestreessreeessreesseesssseessesassseesssseessnes 181

8.3 Risk factors fOr MS INJUIIES .....ccccvvieiiiieriie e cree e ere et reesere e erre e eerae e 183



8.3.1 Exposure to high-speed eXerciSe.........coveriierireiiieniieierie e 184

8.3.2 Previous MS INJUIY ..oc.vieiiieiieeiieieeiteeee et eeeee e ebeeseessveereessaesnseenseenneas 185
8.3, A ittt 185
8314 SO ettt ettt ettt 186

8.4 FULUIE TESCATCH ...ttt 186
8.5 CONCIUSION ..ottt ettt sttt 188
RETETEICES ...ttt 190
PN 030153 1 T L USSP 204

14



List of Figures

Figure 3.1: Kaplan-Meier estimate of the proportion of 323 two-year-old
Thoroughbred racehorses, enrolled in the 2000/01 racing season that had not been
lost to follow-up, in the days after enrolment. Dashed lines represent 95%

CONTIAENCE TNEETVAL .o 77

Figure 3.2: Kaplan-Meier estimate of the proportion of 128 two-year-old
Thoroughbred racehorses, enrolled in the 2001/02 racing season that had not been
lost to follow-up, in the days after enrolment. Dashed lines represent 95%

CONTIAENCE TNEEIVAL ..o 78

Figure 3.3: Number of starts in official barrier trials and races that were incorrectly
recorded, per 100 starts, by study month. Data based on 1, 986 starts in races or
official barrier trials of which 68 were incorrectly recorded. Error bars represent

95% confidence intervals (CI). ......cccceeevieriiiiieiieeceeeee e 79

Figure 3.4: Incidence rate of missing data, as missing days per 100 training days,
by study month. Data based on 78,155 training-days of which 6,051 had missing

data. Error bars represent 95% confidence intervals..........ccccecevverviiniinininncneene. 80

Figure 3.5: Incidence rates for training days with missing training data (per 100
training days), and starts in races or barrier trials (per 100 starts) that were
incorrectly recorded by trainer. Data based on 78,154 training-days of which 6,051
had missing data and 1,986 race or barriers trials of which 68 were incorrectly

recorded. Error bars represent upper 97.5% confidence intervals (CI)................... 81

Figure 4.1: Kaplan Meier survival curve for the cumulative proportion of 418
horses that had not raced in the days, following enrolment in a longitudinal study.

Dashed lines represent 95% confidence intervals. ..........cocoecvevenienenieneniencnen. 107

Figure 4.2: Kaplan Meier survival curve for the cumulative proportion of 173
horses that returned to training after sustaining an initial MS injury, and had not
recovered from the initial musculoskeletal (MS) injury. Dashed lines represent

95% CONTIAENCE TNEETVALS. .. e e e e e e e e e e e e s e e eeeeseeaeas 108

Figure 5.1: Kaplan-Meier survival curve of the proportion of 1,272 preparations in
two- and three-year-old Thoroughbred racehorses that have not ended. Dashed

lines represent 95% confidence intervals. .........cccoerviininiininiencniicecec 131

15



16

Figure 5.2: Kaplan-Meier survival curve for the proportion of 1,272 preparations,
recorded in two- and three-year-old Thoroughbred racehorses that had not started

in an official barrier trial or race. Dashed lines represent 95% confidence intervals.

Figure 5.3: Kaplan-Meier survival curve of the proportion of 589 preparations in
two- and three-year-old that had not ended, after the first start in an official barrier

ITLAL O TACE. et 133

Figure 7.1: Example of a counting process data set for horse 84 that suffered an
episode of shin soreness and horse 85 that sustained a joint injury. The start and
stop times for the first observation for both horses were 13 and 14, respectively,
because all the training variables for days less than 14 days were coded as missing.
Horse 84 was enrolled for 119 days and was spelled from day 17 to 103. The
second horse was enrolled for 81 days and was spelled from day 19 to 64.......... 168



List of Tables

Table 2.1: Details of studies and incidence rates for all musculoskeletal injuries

(MSI) and fatal MSI, per 1000 starts in flat racing. .........ccccceeveeverreeneereneerieneenne. 39

Table 2.2: Conformation measurements obtained from 95 horses in an 81-day

PTOSPECEIVE STUAY . ...veeutieeiieeieetteiieete ettt e te et e ettt e st eeee et et e et e sneeeseeseesneeeneas 46

Table 2.3: Year- and age-specific cut off values for the average rate of distance
accumulation of racing-speed exercise in 60 days, above which the time period was

classified as a hazard Period..........ccevveeeiieeiienierie et 50

Table 2.4: The optimal percentage (%) elevation of turns at racetracks given the

radius of the racetrack and the velocity of the horse..........cccceeevveciieiienciiecieeienen. 55

Table 3.1 Categories for the training activities, gaits and expected speeds used in
the questionnaire in a longitudinal study investigating musculoskeletal (MS)

injuries in two- and three-year-old Thoroughbred racehorses. ..........ccccceeevveiennnee. 69

Table 3.2: Type of track, training surfaces and swimming facilities available at the
tracks used by the 14 trainers enrolled in a 27-month longitudinal study beginning

TN MAY 2000, ...eiiiiiiiiiecie ettt ettt e et e st e e b e e e e teeetaeebe e teesteeesseensaens 74

Table 3.3: Count and percentage of trainers enrolled and not enrolled or removed

for failing to comply in a 27-month longitudinal study beginning in May 2000.... 74

Table 3.4: Number and percentage of horses by follow-up status at the end of the
study, and number and percentage with a musculoskeletal injury (MSI) in the last
recorded preparation. Horses were classified as lost to follow-up if they were not in
the stable in the last month of the study (July 2002). Data are derived from a total
of 451 horses over a 27 month period beginning in May 2000. ...........c..ccoevrenenn. 75

Table 3.5: Number of horses contributing data and numbers of preparations and
training days contributed by age class, and sex. Data are derived from a total of
451 horses over a 27 month period commencing in May 2000. Horses enrolled in

2000/01 contributed data to both the two- and three-year-old age classes. ............ 76

Table 3.6: Number of horses contributing data and numbers of preparations and

training days contributed by trainer and sex, Data were from a total of 4517 horses

17



18

over a 27 month period commencing in May 2000. Horses enrolled in 2000/01

contributed data to both the two- and three-year-old age classes. ..........ccceevveennee 76

Table 4.1: Variables considered as risk factors for the length of time from
enrolment in the longitudinal study to the first start in an official barrier trial or

TACE . e eeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e et et e e e et e et ettt ettt ettt ettt ettt araaaaas 95

Table 4.2: Variables considered as risk factors associated with the length of time
from the first musculoskeletal injury (MSI) to recovery (measured as start in an

official barrier trial OF TACE)........cccviieiieiiiiieeeiie et et ettt ere e e veeeeareeeve s 95

Table 4.3: Number of musculoskeletal injuries (MSI), number of bilateral injuries
(n) and percentage (%) of all MSI that were bilateral, by anatomical location and
nature of injury. Data from 428 injuries recorded in 248 two- and three-year-old

Thoroughbred racehorses enrolled in a 27-month longitudinal study. ................... 98

Table 4.4: Age class specific incidence rates (IR) estimates per 1, 000 training-days
with 95% confidence interval (CI) for the first musculoskeletal injury (MSI) in
Thoroughbred racehorses. Horses contributed training days at risk either to the day
of their first MS injury or until they were lost to follow-up. Results based on 236
incident® cases of MSI and 49,373 horse-training days at risk. .........c.cccccovreinnnee 99

Table 4.5: Age class specific incidence rates (IR) estimates, per 1, 000 training-
days, with 95% confidence interval (CI) for the second occurrence of
musculoskeletal injury in Thoroughbred racehorses (MSI). Data restricted to
horses resuming training after an initial MSI. Horses contributed training-days at-
risk until either the day of their second MSI or until they were lost to follow-up.
Results based on 110 cases of MSI in 19,166 horse-training days at risk. ............. 99

Table 4.6: Association between a number of independent variables and length of
time, from enrolment in a longitudinal study, to the first start in a race or barrier
trial for 451° two-year-old Thoroughbred racehorses during a 27-month period

commencing in May 2000, ordered according to the level of statistical significance.

Table 4.7: Risk factors conditionally associated with the first start in a race or
barrier trial, for 451 two-year-old Thoroughbred racehorses during a 27-month

period commencing in May 2000. .........ccceeeiereiieiiienieeie et 102



Table 4.8: Association between a number of independent variables and length of
time to recovery (measured as start in an official barrier trial or race) after the first
musculoskeletal injury (MSI) for 173 horses that returned to training during a 27-
month period commencing in May 2000, ordered according to the level of

statistical SIGNIFICANCE. ........ccveevvieriiieiiciiecteeeee ettt 104

Table 4.9: Risk factors conditionally associated with recovery (measured as a start
in an official barrier trial or race) from the first musculoskeletal injury, for 173

horses that returned to training during a 27-month period commencing in May

Table 5.1: Association between independent variables and the duration of
preparations for 1, 272 preparations recorded in two- and three-year-old
Thoroughbred racehorses during a 27-month period commencing in May 2000,

ordered according to the level of statistical significance. .........c.ccoccevvvereriencnnnn. 123

Table 5.2: Risk factors conditionally associated with the cessation of a preparation
in 1, 272" preparations recorded in two- and three-year-old Thoroughbred
racehorses during a 27-month period commencing in May 2000 (adjusted for

potential clustering at the level of the horse). ........ccoecvveiieiiiniiiieeee e, 124

Table 5.3: Association between a number of independent variables and the length
of time from the commencement of a preparation to the first start in an official
barrier trial or race for 1,274 preparations recorded in two- and three-year-old
Thoroughbred racehorses during a 27-month period commencing in May 2000,

ordered according to the level of statistical significance. ...........cccceevvvevveeernneennne. 125

Table 5.4: Risk factors conditionally associated with the a start in a race or barrier
trial in 1, 272" preparations recorded in two- and three-year-old Thoroughbred
racehorses during a 27-month period commencing in May 2000 (adjusted for

potential clustering at the level of the horse). ........ccccecveverieieniiiieeeee 126

Table 5.5: Association between a number of independent variables and the length
of time from the first start in a race or barrier trial to the end of the preparation, for
589 preparations recorded in two- and three-year-old Thoroughbred racehorses
during a 27-month period commencing in May 2000, ordered according to the

level of statistical SigNIfiCanCe. ..........cceceeriieeiiieiieieeee e 127

19



20

Table 5.6: Risk factors conditionally associated with cessation of preparation, after
the first start in a race or barrier trial, in 589 preparations recorded in two- and
three-year-old Thoroughbred racehorses during a 27-month period commencing in

May 2000 (adjusted for potential clustering at the horse level)...........ccccecenene. 128

Table 5.7: Association between a number of independent variables and the rate of
starts, per 100 training days for 1, 986 starts in races and barrier trial in 78, 154
training days recorded in two- and three-year-old Thoroughbred horses during a
27-month period commencing in May 2000, ordered according to the level of

statistical SIZNITICANCE. .....eeviirciieiieeieeieeeee e 129

Table 5.8: Risk factors conditionally associated with the rate of starts, per 100
horse-training days for 1, 986 starts in races and barrier trial in 78, 154 training
days recorded in two- and three-year-old Thoroughbred horses during a 27-month

longitudinal study (adjusted for potential clustering at the horse level). .............. 130

Table 6.1: Number and percentage of preparations in each category for categorical
explanatory variables considered as risk factors for musculoskeletal injury (MSI)
in the first preparation to included exposure to high-speed (HS) exercise. Data are
derived from 347 preparations in two- and three-year-old Thoroughbred racehorses

recorded during a 27-month longitudinal study.........ccccevverieriiecienieeieeieeee, 149

Table 6.2: Number of preparations and minimum (min), maximum (max) and
percentiles for continuous variables considered as risk factors for musculoskeletal
injuries (MSI) in the first preparation to include exposure to high-speed (HS)
exercise. Data are derived from 347 preparations recorded in two- and three-year-

old Thoroughbred racehorse during a 27-month longitudinal study..................... 150

Table 6.3: Association between a number of independent variables and
musculoskeletal injury (MSI) involving the lower forelimb in first training
preparation where horses were exposed to high-speed (HS) exercise for 347
training preparations recorded in two- and three-year-old Thoroughbred racehorses
during a 27 month longitudinal study, ordered according to level of statistical

SIZNITICANCE. .eecvvveiiiiieiiieeiieeetee ettt e ete st e e taeesbee e sereeestaeesssaeessseeessseessseessseessneeas 151

Table 6.4: Risk factors conditionally associated with lower limb musculoskeletal

injury (MSI) in the first preparation to include exposure to high speed (HS)



exercise for 347 training preparations in two- and three-year-old Thoroughbred

racehorses recorded during a 27 month longitudinal study. ..........cccceeeeiriennnnnns 153

Table 7.1: Multivariable counting process form of a Cox regression model for the
number of training days until the first occurrence of musculoskeletal (MS) injury

with hazard ratios (HR), 95% confidence intervals (CI) for the HR and P-value. 169

Table 7.2: Multivariable counting process form of a competing risk Cox regression
model for the number of training days until the first occurrence of musculoskeletal
(MS) injury with hazard ratios (HR), 95% confidence intervals (CI) for the HR and

P-values for €ach eVeNt tYPe. ...cc.eeeveieeiieiiieieeiieieeeece et 170

21



22



List of Abbreviations

>

2

<

<

95% CI

HS

IR

IRR

MS

Greater than

Greater than or equal to
Less than

Less than or equal to
95% Confidence interval
High-speed

Incidence rate

Incidence rate ratio

Musculoskeletal

23



24



