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ABSTRACT

PRESALE DIAGNOSTIC IMAGING IN THOROUGHBRED HORSES:
THE PREVALENCE AND PROGRESSION OF RADIOLOGICAL AND ULTRASONOGRAPHICAL

FINDINGS AND THEIR ASSOCIATIONS WITH RACING PERFORMANCE

Background

The sale of young horses at bloodstock auctions plays an important role in the success of the
Thoroughbred industry worldwide. The Keeneland September Yearling Sale in Lexington, Kentucky, is the
largest sale of Thoroughbred yearlings in the world. Conducted over 12 days and presenting between 2500
and 3000 horses through the auction ring, the sale now records gross receipts exceeding 400 million United
States Dollars (USD) per year. Veterinarians at the sale perform presale inspections on future racing
prospects and consult with prospective purchasers regarding a horse’s suitability for its intended use.
Radiography and ultrasonography are used in presale examinations to identify orthopaedic issues that may
affect soundness during athletic training and racing. Modern diagnostic imaging technology produces high
quality images that have enabled the detection of a number of presale findings of unknown significance in
young horses. Variable interpretation of these findings and conflicting assignments of potential clinical
importance have become a source of contention in the Thoroughbred industry and this requires resolution.

Specific imaging findings for which further scientific evidence is needed include radiological
changes in the equine medial femoral condyles (MFCs) and proximal sesamoid bones (sesamoids) and
ultrasonographic findings in the medial and lateral branches of the suspensory ligament (branches).
Changes in the sesamoid and the insertional region of the adjacent suspensory branch are of particular
importance in young Thoroughbreds, due to the potential for catastrophic injury to the suspensory apparatus
in which they are an integral structure. Little is known about the prevalence of concurrent ultrasonographic

branch change relative to the various grades of radiological sesamoid appearance seen in horses. Objective
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scientific data would enable prepurchase and training management decisions to be made that are in the best
interests of the horse and its connections and the wider industry.
Objectives

In the equine stifle (femorotibial joint) and fetlock (metacarpo/metatarsophalangeal joint), the
objectives of this doctoral research were firstly to identify the prevalence of subchondral lucencies (SCLs)
in the distal aspect of the MFC and the prevalence of various sesamoid changes on sales repository
radiographs in yearling and 2-year-old Thoroughbreds, and to identify the prevalence of ultrasonographic
suspensory branch changes in the same population of horses. Secondly, the studies aimed to monitor
changes in MFC, sesamoid and suspensory branch grades between yearling and 2-year-old sales in horses
that presented for sale at both ages. Thirdly, the research aimed to determine any associations between grade
of MFC, sesamoid or suspensory branch findings and future racing performance.

Lastly, the research was designed to examine the existence of concurrent radiological and
ultrasonographic findings in individual sesamoid-branch units in sales horses; to determine whether there
are any radiological findings that are consistently accompanied by a particular degree of insertional branch
change and to provide practical recommendations as to when suspensory branch ultrasonography may be
warranted in the sales environment.

The overriding objective was to provide an evidence-based determination of which presale imaging
findings should be regarded as an acceptable appearance at a given age in sales horses and which findings
constitute a risk to future performance.

Methods

The research was performed via prospective cohort studies using enrolled samples. Sales repository
radiographs were obtained with consignor permission from the 2016 Keeneland September Yearling Sale
and the five major North American 2-year-old sales in 2017 run by Fasig-Tipton Company and Ocala
Breeders’ Sales Company. Ultrasonography was performed immediately prior to the sales on the forelimb

suspensory branches of horses with consignor permission.
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Stifle and fetlock radiographs were evaluated for MFC and sesamoid changes, respectively. MFC
SCL were graded on a scale of 0-3 according to radiological size and axial MFC lucencies were recorded
separately. Sesamoid findings relating to vascular channel appearance (0-3), abaxial contour changes and
apical and abaxial fragments were graded according to a grading system established for the purposes of this
study. Ultrasonographic findings relating to suspensory branch size, fibrillar pattern, the presence of
hyperechoic foci, periligamentar tissue thickness and the adjacent proximal sesamoid bone surface were
recorded during post-sale image evaluation.

Racing performance was assessed for all study horses until the end of their 4-year-old racing season
and performance data was obtained from Equibase Company LLC. Racing performance was measured via
eight outcome variables: whether the horse started at least one race by the end of their 4-year-old year, age
at first race start, total number of race starts, total prizemoney earned, earnings per start, class of career best
start achieved, weighted Listed and Group race starts and Class Performance Index. Clinical follow-up was
sought to ascertain why horses that did not race never started.

Distributions of imaging findings were examined using descriptive statistics at the individual bone
and branch level and at the horse level. Associations between imaging findings and racing performance
from 2 to 4 years of age were examined using multivariate regression analyses, controlling for horse sex.
Analysis was via logistic, negative binomial or linear regression as appropriate, with the threshold for
significance set at a=0.05.

Results

Sales radiographs from 2,508 yearlings and 436 2-year-olds were included. This sample represented
11% of the annual US Thoroughbred foal crop. It comprised 36% of all yearlings sold at auction in North
America in 2016 and 20% of all 2-year-olds sold at auction in North America in 2017.

Radiographs of 5,016 yearling stifles and 872 2-year-old stifles were evaluated. MFC SCLs of
Grades 1-3 were observed in 242 yearlings (9.7%) and 49 2-year-olds (11.2%). Bilateral MFC SCLs of
Grades 1-3 were observed in 54 yearlings (2.2%) and 12 2-year-olds (2.8%). Yearling Grade 1 MFC SCLs

had either resolved (11/31), remained unchanged (14/31) or progressed to a Grade 2 (6/31) by 2-year-old
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sales. Yearling Grade 2 MFC SCLs had either improved to a Grade 1 (2/10), remained unchanged (6/10) or
progressed to a Grade 3 (2/10) by 2-year-old sales. Yearlings with a Grade 3 MFC SCL had a 78%
probability of starting a race (95% Confidence Interval (CI): 58.2-89.6%), compared to 84% for MFC Grade
0 yearlings (95% CI: 82.7-85.8%). Six of the seven yearlings with axial MFC lucencies raced.

Radiographs of 20,064 yearling sesamoids and 3,488 2-year-old sesamoids were evaluated.
Interobserver agreement using the new radiological grading system was substantial. Yearling findings
associated with a significantly reduced probability of starting a race were: Grade 3 vascular channels in
forelimb sesamoids (0.52, P<0.001, 95% CI: 0.37-0.67), abaxial new bone in forelimb sesamoids (0.62,
P=0.01, 95% CI: 0.49-0.73), apical or abaxial fragments in forelimb sesamoids (0.55, P=0.005, 95% CI:
0.37-0.72). For affected horses that did race, Grade 3 vascular channels in forelimb sesamoids were
associated with fewer race starts (9.9 starts, P=0.03, 95% CI: 8.0-12.2) and Grade 3 vascular channels in
hindlimb sesamoids were associated with a delayed start to racing careers (54 days, P=0.01, 95% CI: 20-
89). Abaxial new bone in forelimb sesamoids was associated with a 54% reduction in total earnings
(P=0.003, 95% CI: 24-72) and a 46% reduction in earnings per start (P=0.002, 95% CI: 21-64). Abaxial
concavity occurred predominantly in yearling medial forelimb sesamoids, had no impact on racing
performance and mostly resolved by two-year-old sale.

A total of 593 sales yearlings and 367 2-year-olds had ultrasonography performed on all four
forelimb suspensory branches per horse. Grade >2 fibrillar branch change was present in 8.9% of yearlings
and 14.4% of 2-year-olds. A 0.25cm increase in branch width was associated with a 49-day delayed start to
racing careers (P<0.001, 95% CI: 21-77 days). The presence of Grade 2 hyperechoic foci was associated
with significantly lower total earnings (P=0.01, 95% CI: $2,000-$16,022) and lower earnings per start
(P=0.003, 95% CI: $349-$1,718) in USD. Grade 3 fibrillar branch change had clinically important
reductions in the probability of racing, calibre of racing performance and earnings. Grade 1 fibrillar pattern
was associated with significantly higher earnings per start (P=0.004, 95% CI: $2,641-$5,759).

A total of 2,204 yearling forelimb sesamoid-branch units and 1,336 2-year-old forelimb sesamoid-

branch units were available for evaluation of concurrent imaging findings. The proportion of yearling



sesamoids with Grade <1 vascular channels that had adjacent Grade >2 fibrillar branch change was 1.2%.
The same proportion for 2-year-olds was 3.8%, with medial forelimb sesamoids with Grade 1 vascular
channels overrepresented in 2-year-olds. In yearlings, 31% of sesamoids with Grade 2 vascular channels
had adjacent Grade >2 fibrillar branch change and 59% of sesamoids with Grade 3 vascular channels had
adjacent Grade >2 fibrillar branch change. In 2-year-olds, 47% of sesamoids with Grade 2 vascular channels
had adjacent Grade >2 fibrillar branch change and 67% of sesamoids with Grade 3 vascular channels had
the same. Only 1 yearling and 1 2-year-old sesamoid with radiological abaxial concavity had Grade >2
fibrillar branch change.
Limitations

The samples used in this research are representative of the population of interest at Thoroughbred
sales but may underestimate the prevalence of severe lesions in non-sale horses. The study design could not
address exclusions prior to sale. The findings are applicable to horses prepared for public auction and
deemed fit to be entered for sale by consignors and their veterinarians. Clinical examinations were not
performed for the purposes of this research.
Conclusions

Regarding stifle lucencies, Grade 1 MFC SCLs were the most common type seen in yearling and
2-year-old sales horses. The majority of yearling Grade 1 MFC SCLs resolved or remained unchanged by
2-year-old sales. It was also possible for Grade 2 and 3 MFC SCLs to improve one grade between sales.
Fewer sales yearlings with a Grade 3 MFC SCL raced, but in those that did race there was no evidence of
worse performance compared to unaffected peers. Axial MFC lucencies did not affect racing performance.

For sesamoids, Grade 3 vascular channels, forelimb sesamoid abaxial new bone and forelimb
sesamoid fragments are important findings in sales repository radiology. The new grading scale assigns a
numerical grade for vascular channel appearance that matches the number of enlarged vascular channels

evident in a given sesamoid. Abaxial contour changes, when present in sesamoids that are Grade O for
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vascular channels, are noted separately as either abaxial new bone or abaxial concavity. Fragments are also
noted and interpreted separately.

Reference values specific to young Thoroughbreds have been established for suspensory branch
ultrasonography. Grade 1 fibrillar suspensory branch change should be regarded as an acceptable
appearance in sales yearlings and 2-year-olds. Approximately one third of Grade 2 yearling branches
progressed to a Grade 3 lesion. Evidence of enlarged branch width and Grade 2 hyperechoic foci at 2-year-
old sales constitute a risk to racing performance.

The existence and prevalence of concurrent radiological and ultrasonographic findings in the
proximal sesamoid bones and adjacent suspensory ligament branches has been established in yearling and
2-year-old Thoroughbred sales horses. General recommendations have been made for selective branch
ultrasonography on the basis of sesamoid radiological appearance. The results support a separate aetiology
for radiological sesamoid abaxial concavity that does not primarily involve the suspensory branch insertion.

This research provides veterinarians and the wider Thoroughbred industry with evidence-based
determinations of the importance or otherwise of the various presale imaging findings seen in the MFCs,
sesamoids and suspensory branches of yearlings and 2-year-olds. Many findings can be regarded as an
acceptable appearance in yearlings and 2-year-olds. For those findings that are associated with reduced
performance, sale and management decisions can be made based on quantitative evaluations of risk that are

in the best interests of the horse.

vii



ACKNOWLEDGEMENTS

This body of work would not have been possible without many people who made integral contributions to
its success. [ wish to extend special thanks to my advisors, Professor Wayne Mcllwraith and Professor Chris
Kawecak, to my committee members, Dr Kurt Selberg and Dr Melissa King, and to members of our research
group, Dr Jeff Berk and Dr Dave Keenan. Thank you for your unwavering support and guidance and for

your enduring commitment towards what we set out to achieve for the Thoroughbred industry.

I also wish to express my thanks for the continued support of mentors since the beginning of my career as
an equine veterinarian, Dr Dave Keenan and Dr Dave Hanlon of Matamata Veterinary Services, New
Zealand, and Professor Joe Mayhew, Massey University, New Zealand, my first postgraduate supervisor.

Thank you for your encouragement and the belief you showed in me.

Thank you to all those who saw the potential of this work to beneficially impact the Thoroughbred industry
and to assist the veterinarian’s role in the management of the athletic horse. Funding was provided by the
Grayson-Jockey Club Research Foundation, Keeneland Association Ltd, Fasig-Tipton Ltd and significant
private donations from Barbara Banke, Bridlewood Farm, Flaxman Holdings, Maria Niarchos, John & Jerry
Amerman, Foxwood Stables, Three Chimneys, Ashford Stud, John Magnier, Dr Mark Dedomenico, the
Consignors and Commercial Breeders Association (Lexington, Kentucky), Marty & Pam Wygod, Gary
West, and Dr Ryan Carpenter, as well as Antony Beck, Gainesway, Spendthrift, Denali Stud and Victoria

Chapman.

Thank you to Keeneland Association Ltd, Fasig-Tipton Ltd and Ocala Breeders’ Sales Company Ltd for
publicly supporting this research to proceed at your sales. Thank you to Scott Giebler, Sound Imaging, for
the generous loan of an ultrasound system and to Drs Sarah Plevin, Jonathan McLellan, Jenifer Garber,
Lisa Casinella, Stephanie Chapman, Wade Byrd, Natanya Nieman, Johanna Reimer and Wes Sutter for

assisting with ultrasonography. Thank you to Drs Sarah Plevin, Jonathan McLellan, Debbie Spike-Pierce

viil



and Larry Bramlage for your advice on study design. Thank you to Professor Ann Hess, Dr Dan Mork and

Alejandro Ojeda for your statistical expertise and guidance.

I wish to acknowledge and sincerely thank all participating consignors, breeders and trainers for your

willingness to enrol your horses in this research. Its success rests heavily upon your widespread uptake.

Finally, I extend my gratitude to my family. To my grandparents, parents, siblings and close friends, whose

support enabled me to see this through to completion, thank you for everything.

1X



DEDICATION

To John H. Peat and Ronald J. Flay. Thank you for your love and example.



TABLE OF CONTENTS

ABSTRACT
ACKNOWLEDGEMENTS
DEDICATION
LIST OF TABLES
LIST OF FIGURES
CHAPTER 1 — INTRODUCTION
CHAPTER 2 — LITERATURE REVIEW

2.1 Sales radiology research

2.2 Medial femoral condyles

2.3 Proximal sesamoid bones

2.5 Conclusions
CHAPTER 3 — SUBCHONDRAL LUCENCIES IN THE MEDIAL FEMORAL CONDYLE OF
YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES: PREVALENCE,

PROGRESSION AND ASSOCIATIONS WITH RACING PERFORMANCE .........cccccevinininiennne
T 014001 0 1 oy PR RPR

3.2 Introduction

3.3.5 Data analysis

3.4.5 Axial MFC lucencies
3.4.6 Associations with racing performance

v. Earnings
vi. Race caliber

CHAPTER 4 — RADIOLOGICAL FINDINGS IN THE PROXIMAL SESAMOID BONES OF
YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES: PREVALENCE,

PROGRESSION AND ASSOCIATIONS WITH RACING PERFORMANCE .........cccccevininieiennne
4.1 SUINIMATY ..veieitieeiieeeiteeetee et e st e ettt ettt estteestteessteesateeanseeeseeensseeaseeasnseesnseesnseesnseeanseessnseesnseesnseesns

4.2 Introduction

X1

2.4 Suspensory [igament Dranches ...........cevcvvvcieriiniiiie et saeseae e ssnesnnes

3.3 IMETROMAS -ttt ettt e b et bt it et b e eae et et e
3. 3.1 STUAY AESIGI ...ttt ettt et b e bt
3.3.2 Radiological eVAIUALION...................ccoevieiiieiiieiieiiee ettt
3.3.3 RACING PEFOFMANCE.............cvvevveeaiee ettt ettt ettt ettt et bbb e ne e s
3.3.4 Non-starter follow-up iRfOFMALION. ..............cc.cocveviiaiiiiieeii ettt

B4 RESUILS ..ttt h ettt b ettt e b et bt st e e bt eae et et e
3.4 1 StUAY @NFOIMENL...........coieiiiiieiieii ettt ettt ettt et e be bbb se s
3.4.2 INterobSErVer AQFEEMIENLE ...........c..ccuvevuieeieii ettt et ettt ettt be e teeebe et enbeeseeseeae s
3.4.3 Distribution of radiological fIRAINGS ...............ccccocveviiiiiiiieieeietee et
3.4.4 Paired yearling and 2-year-old sales radiographs..................cccccvevcveviiinieniienianieniennnenn,

B, Started At [EASE ONE FACE...........cc.oeceveiieii ettt ettt ettt be bbbt seesae e
B0, FOLOW-UD Of HON-SEAFTEFS ...ttt ettt ettt
B0D. AGE QL fIFST FACE SEAT Lottt ettt ettt et b e bbb eesbeeseese e
DV, INUIDEF Of FACE SEATLS.......cve ettt ettt ettt ettt b e bbb eeseene e

vii. Racing performance for axial MFC [UCENCIES ............c.ccevuevieiiaiiaeiieeieeieeieeie e,
viii. Racing performance for 2-year-old Grade 3 MFC SCLS...........cccccovvevvievcieciaiianiennnn,
3.5 DIHSCUSSION 1.uveeeienieteettetete ettt ettt sttt e et e bt eb et e bt ebe e st e et eb e e st et e sbeeb e em e et e sbeesteneenbesaeeneeneenne
3.6 CONCIUSIONS ...ttt ettt ettt ettt et et sb e bt ettt e bt et e et s bt e st et e st e ebeemt e besbeesteneebesaeeneeneene

A3 IMETROMAS ...ttt ettt b e e a et eb et e e aeebtete b
.31 SHUAY AESIGL ...ttt ettt ettt et e et et e et e eateesaensaenes



4.3.2 Radiological eVAIUALION................c...ccocciiiieiiieii ettt ettt 45

4.3.3 RACING PEFOFIANCE. ..........ccoeeieeiieeieeie ettt ettt et e et e st e s teestaessteesaesteensee e 48
4.3.4 Non-starter follow-up ifOVMALION. ..............c..cccoeceiiieeiieie e 48
G.3.5 DAEA ARQLYSTS ..ottt ettt et et et e et e et e ate bt e eat e st e saentaensee e 48
A4 RESUILS ..ttt b e bt ettt e b ettt e b e bt ettt sh e e a e et e b bt et et bt eat e ee b ne 51
441 StUAY @RIOIMENL...........c..ocoeeiieieeie ettt et et e et et estaeeaaesateesaessaeesee e 51
4.4.2 INterobSErVEr AQFEEMENL .............ccccuveieeeiieieeee e eteeeeetteetesiaesae et e stae st e sttestaestaessaeesaesseensee e 51
4.4.3 Radiological vascular channel and abaxial contour findings .............cc.cccoccovvvvvnnveninncnnnnnnn, 51
4.4.4 Paired yearling and 2-year-old sales radio@raphs..............c...cccccovvvvviiciiiiiiecieeieeieeieee, 51
4.4.5 Apical and abaxial seSamMOTd frAZMENLS ..............cccccoveiureiiiiiieeieeiieeieeie et 57
4.4.6 Associations With rACing PEIfOTMIAICE. ................ccoccueeiurrieeeieeieeireeeeeteeieestesite e siaessaesseeesee s 58

B, StArted At IEASE ONE FACE...........c.ooeeeeeeeeiie ettt et e st e i et eeteessaensee e 58

B0, FOLOW-UD Of NON-SEATIEFS ..ottt ettt et e st e etaeeeee s 60

B0D. AGE QI fIFST FACE SEATT.........ocv oottt ettt e et e et e st esaaeesbeesbenseeesaansee e 61

DV, INUIDEE Of FACE SEATLS..........ocveeeieee ettt ettt et et e st e esae st e nseeesaensee e 62

A 7 1 7« X USSR 62

VIe RACE CALIDOT ..ottt ettt et e abeetbeeabeesbeenbesabeesbens 63

4.5 DISCUSSION -.uvenvieiieniiitieitet ettt ettt sttt et et et e et e e bt ehtes e et e eb e e st e teabe e st e b e st e sbeeat et e ebesstentenbeebeenteneenseene 63
4.6 CONCIUSIONS ...ttt ettt ettt ettt et et bt bt et et e e bt et et e s bt e st e b e stesbe e st et e e besbeentebeebeenteneenbene 67

CHAPTER 5 - ULTRASONOGRAPHY OF THE SUSPENSORY LIGAMENT BRANCHES IN
YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES: PREVALENCE,

PROGRESSION OF FINDINGS AND ASSOCTATIONS WITH RACING PERFORMANCE ............... 69
BT 0401 0 3 oy A OSSP 69
5.2 IIETOAUCTION 1.ttt ettt ettt s be et et bt e et et e s bt e bt et e besbeest e b e sbeeseeneenbeeae 70
5.3 IMETROMAS ..ttt et b e et h e a ettt bt et et bt st e e b e 71

5. 3.0 STUAY AESIGL ...ttt ettt ettt ettt 71
5.3.2 Ultrasonographic teCANIGUE .................c..ccoocueeiuieiieeieeieeie ettt 72
5.3.3 IMAZE @VAIUALION. ..ottt ettt ettt et esta et e saenseeesee e 73
5.3.4 RACING PEFOFIANCE. ...........coeeeeiieeieee ettt ettt et astte s teeetbessaeesaensaeesee e 78
5.3.5 Non-starter follow-up iRfOVMALION. ..............c..ccceecueiiiieieeie et 78
5,300 DAL ARQLYSTS ...ttt ettt ettt ettt et et e et e taenteeesee e 78
S RESUILS ..ttt h bt b e st b e bttt h e a et et bt eat et bt ea et e b e 80
541 StUAY @NPOIMENL...........coooiieieee ettt ettt et et e st e et e aa e saenseeesee e 80
5.4.2 Graded ultrasonographical fIRAINGS ...............ccccouiiiiiiiiiiiieiie e 80

i. Suspensory branch fibrillar DATIErH ..............cc.cccoocoveciiiiieiieie e 80

ii. Fibrillar pattern changes between yearling and 2-year-old sale age.................cc.cccoccuvvuenn..... 82

iii. Suspensory branch hypereChOiC fOCI...........cccoouvviiiiiiiiiiiiiiieeie et 84

iv. Proximal sesamoid bone abaxial SUrface CONtOUT ...............ccccoeecueeiieeciesiieieeieeie e, 84
5.4.3 Measured ultrasonographical fIRAINGS ................ccccoueiieiiiiiiiieeie e 85

i. Suspensory branch crosS-SeCtion@l AFeq ...................ccoccvvcieiieiiieeiieeiesie et 85

i1, SUSPENSOTY DFANCH WILR ...........ocoviiiiieiiieie ettt sttt etee e 86

iii. Periligamentar tiSSUE tRICKINESS...........cc.ccveiueeiieiieeieeie ettt ettt saae s eeaaeseee s 87
5.4.4 Associations With rACing PErfOTMIAICE. .............c...ccoccueeiurrieeeieeieeresieeiteeiee e siee e siae s seeessee e 88

B RACE STATLS ... ettt ettt et et et e et e et e et e e ab e e st e saseeenneas 88

B0, FOLOW-UD Of NON-SEATIEFS ..ottt ettt ettt et e esee e 89

B0D. AGE QI fIFST FACE SEATL.........ocee ettt ettt et et e st e sateesba st e nsaesseensee e 90

A s T 1 77 o OSSPSR 90

V.o RACE CALTDOT ...ttt ettt ettt e e e et e abeesbeesbeesbeenbesnbennbens 91

5.5 DIHSCUSSION ...ttt ettt ettt ettt ettt et e bt eat et e st e e bt et e bt s bt e st et e e bt e st e e e sbe e st em b e besbeemt e beebeeeeeneensene 91
5.6 CONCIUSIONS ...ttt ettt sttt ettt ettt et b e et et e st e e bt ea b et e s bt e st et e e bt eat et e sb e est et e besbeemtenbeebeeneeneenseene 98

X1l



CHAPTER 6 — CONCURRENT RADIOLOGICAL AND ULTRASONOGRAPHICAL FINDINGS IN
THE FORELIMB PROXIMAL SESAMOID BONES AND ADJACENT SUSPENSORY LIGAMENT

BRANCHES IN YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES.................. 100
0.1 SUMIMATY ..oouiiiiiiieeiie ettt ettt et e sttt e ettt e s bt e s beeeabeeenseeeasbeesnseesaseesaseesaseesnseeensseennseennes 100
0.2 INETOAUCTION ...ttt sttt b e e b et b e e b et et e e bt eae et e st e sbe et et e sbeeneeneenbesaeas 101
0.3 IMETROAS ...ttt ettt h et b e e bt ettt b e sttt b et e b e b et et e b sae s 104

0.3.1 DAEA COILECTION. .........oce ettt et e abeeab e e abeeabeesbeenbesabeesne s 104
0.3.2 DAEA QRALYSIS ..ottt ettt ettt e et et e b tb e tb e e abeeabeenbeeabeenre s 105
0.4 RESUILS ...ttt ettt h et e b e e bt et e et e bt e st et et sb e et et e saeeb e et e nbeeae s 105
6.4.1 Suspensory branch fibrillar PATIErN................cc.cccuociiiiiciiiieiiieie e eeie e ere e eve v 105
6.4.2 Suspensory branch size and periligamentar tisSue thiCkNess ..............c.cooeevevievieveeceaenranns 105
6.4.3 Suspensory branch hyPereChOIC fOCI...........c...ccovoiiiiiiiiiiciiiiiiieie e eae e 106
0.4.4 SeSAMOIA DONE COMLOUT ..........c.ooveiieiie ettt ebe et eebe e esbeeabeesbeenbesaseennens 112
0.4.5 SeSAMOIA fFAGIMENES .......c..ocvveiieiieie ettt ettt et e e ste e abeetbeesbeenbeesbeesbesabennsens 112
0.5 DISCUSSION ...ttt ettt ettt ettt et e st e st e s bt et e b e e bt ebten e e b e ebeea e e e e ebeese et e sbesbeententesbeeneensennesneas 112
6.6 CONCIUSIONS ...ttt ettt ettt ettt s b et e bt e bt eh e et e b e eb e e st et e ebeene et e sbesbeemtetesbeeneeneenbesaeas 118

CHAPTER 7 — CONCLUSIONS ...ttt ettt sttt sttt sttt es e bt neenes 119

REFERENCES ...ttt sttt b et st e et e st bt et e s et eneesentense e e 123

APPENDICES ..ottt ettt ettt e e bt et s e st et e b e b et e st e st e be b et enteneebeeneneneas 131

APPENDIX 1 — SALES COMPANY LETTER TO YEARLING CONSIGNORS WITH STUDY

PARTICIPATION CONSENT FORM.....c.coitiiiiiiiiiiieieiteteseee ettt ettt sttt 132

APPENDIX 2 — SALES COMPANY LETTER TO 2-YEAR-OLD CONSIGNORS WITH STUDY

PARTICIPATION CONSENT FORM.....c.coiiiiiiiiiiiieieiteteseee sttt sttt 135

APPENDIX 3 - FRAMEWORK FOR THE COLLECTION OF FOLLOW-UP INFORMATION WHEN
SPEAKING WITH CONNECTIONS OF HORSES THAT DID NOT START AT LEAST ONE RACE
BY THE END OF THEIR 4-YEAR-OLD RACING SEASON .....cccoovviiiiiiieiininicceeeeeeeeen 137
APPENDIX 4 - FLOW CHART SUMMARISING YEARLING RECRUITMENT FOR STUDY
INCLUSION FROM THE 2016 KEENELAND SEPTEMBER YEARLING SALE IN LEXINGTON,
KENTUCKY, USA ... oottt sttt sa e st sne b e sbesae e 138
APPENDIX 5 - FLOW CHART SUMMARISING 2-YEAR-OLD RECRUITMENT FOR STUDY
INCLUSION FROM FIVE MAJOR 2017 2-YEAR-OLD SALES IN FLORIDA AND MARYLAND,

Xiii



LIST OF TABLES

TABLE 2.1. Published scientific literature involving sales radiology findings in horses ............c.ccccevennen. 7

TABLE 3.1 Grading scale for the radiological appearance of a subchondral lucency (SCL) in the equine
medial femoral CONAYIE ......cc.ieiieiieiieie ettt e e et e e beesbessseenseensaenseenseenns 24

TABLE 3.2. Distribution of the most severe radiological medial femoral condyle subchondral lucency
(MFC SCL) grade in the left or right stifle per horse in Thoroughbred sales yearlings and 2-year-olds,
where N represents iINdividual NOTSES ........cccvevviiriiiiiiiieiieeiece et sre e sebesneessaeenne e 30

TABLE 3.3. Distribution of medial femoral condyle subchondral lucency (MFC SCL) grades in all stifles
of yearling and 2-year-old Thoroughbred sales horses, where N represents individual stifles ................. 30

TABLE 3.4. Distribution of medial femoral condyle subchondral lucency (MFC SCL) grades by left and
right hindlimbs in yearlings and 2-year-old Thoroughbred sales horses, where N represents individual
stifles and the percentage shown is the left vs right hindlimb distribution for each grade ........................ 31

TABLE 3.5. Distribution of radiological medial femoral condyle subchondral lucency (MFC SCL) grades
in the stifles of yearling and 2-year-old Thoroughbred sales horses by colts/geldings versus fillies, where
N represents INAIVIAUAL SEIFIES ......cevviiiieieiiiciece ettt s e b e sebesebeesseesseesnesnsesnns 31

TABLE 3.6. Distribution of medial femoral condyle subchondral lucency (MFC SCL) grades per stifle at
2-year-old sales (columns), relative to each stifle’s respective MFC SCL grade at the yearling sale (rows),
for 422 horses with paired yearling and 2-year-old Thoroughbred sales radiographs. Shaded cells

represent grades that remained static DEtWeen SALES .........cccvveverieriieeiiiniicie e 32

TABLE 3.7. The distribution of radiological medial femoral condyle subchondral lucency (MFC SCL)
grades for all study horses at the Thoroughbred yearling sales, by most severe finding per horse, with the
accompanying proportion of horses that started at least one race by the end of their 4-year-old racing
season and the probability of starting a race via logistic regression analysis controlling for horse sex
(COI/ERIAING, TIILY) ..evireiieiiiiieeie ettt ettt ettt et e e et e et e et e e bt e b e esseasseesseanseensaesseesseesseenseenseenseensenns 33

TABLE 3.8. Comparison of the number of horses that raced versus the number of horses that did not start
at least one race by the end of their 4-year-old season, for each radiological grade of medial femoral
condyle subchondral lucency (MFC SCL) in Thoroughbred sales horses as yearlings, by most severe
FINAING PEI NOTSE ..evvieiiiiieciiecie et ettt e teestaesatessee s st e sseesseessaesssesssesssesssesssesssesssesssensns 34

TABLE 3.9. Mean age at first race start in days old for horses with each radiological grade of medial
femoral condyle subchondral lucency (MFC SCL) at Thoroughbred sales as yearlings, by most severe
finding per horse via linear regression analysis controlling for horse sex (colt/gelding, filly) ................. 35

TABLE 3.10. Mean number of race starts to the end of the 4-year-old racing season for horses with each
radiological grade of medial femoral condyle subchondral lucency (MFC SCL) at Thoroughbred sales as
yearlings, by most severe finding per horse via negative binomial regression analysis controlling for horse
SEX (COIt/GRIAING, TILLY) ..eerviieiieeeieiiecie ettt sttt e st e st e s b e enseesseenseassesnsesnsaensesnsennsenns 35

TABLE 3.11. Back-transformed mean total earnings in United States Dollars to the end of the 4-year-old
racing season for horses with each radiological grade of medial femoral condyle subchondral lucency

X1V



(MFC SCL) at Thoroughbred sales as yearlings, by most severe finding per horse via linear regression
analysis with log transformation and controlling for horse sex (colt/gelding, filly) ........cccccvevverienieenenne. 36

TABLE 3.12. Back-transformed mean total earnings per start in United States Dollars to the end of the 4-
year-old racing season for horses with each radiological grade of medial femoral condyle subchondral
lucency (MFC SCL) at Thoroughbred sales as yearlings, by most severe finding per horse via linear
regression analysis with log transformation and controlling for horse sex (colt/gelding, filly) ................ 36

TABLE 4.1. Grading system for the radiological appearance of vascular channels and other abaxial border
changes in the proximal sesamoid bones. ‘Grade 2 can include one very enlarged vascular channel with a
width equivalent to the combined width of two enlarged vascular channels, i.e. > 4mm total width. *Grade
3 can include one or two very enlarged vascular channels with a total width equivalent to the combined
width of three enlarged vascular channels, i.e. > 6mm total enlarged channel width ...............c.coceceieie. 46

TABLE 4.2. Distribution of sesamoid findings in all sales yearlings and two-year-olds, by individual
sesamoid bones and at the horse-level by maximum vascular channel grade per horse, where n represents
individual proximal sesamoid bones and N represents individual horses. Percentages are shown with
uncertainty representing 95% confidence INEIVALS .........ccceevierierierieriereere ettt sseeneees 52

TABLE 4.3. Distribution of sesamoid findings by medial and lateral location in sales yearling and two-

year-old fore- and hindlimbs, where N represents individual sesamoids and the percentages shown are the
medial vs lateral distribution for each grade, then the proportion of all findings in each grade. Percentages
are shown with uncertainty representing 95% confidence intervals ..........ccoceeveereneneeienienenieneneeee. 53

TABLE 4.4. Distribution of sesamoid grades per individual sesamoid in two-year-old horses (columns),
relative to each sesamoid’s respective grade at yearling age (rows), for 422 horses with paired yearling
and two-year-old sales radiographs. Shaded values represent grades that did not change between sales.
tEnlarged vascular channel(s) have resolved in order for abaxial contour change to be the recorded
FINAINE Leiviiie ettt ettt e et e et e et e sta e s tteestesate e s b e esbeesaeeaaeesaeesaeesteesaeesaeeaeeeseeeseesseenneenreens 54

TABLE 4.5. The radiological appearance of yearling sesamoids with fragments, in terms of the
concomitant presence or absence of enlarged vascular channels or abaxial contour change in addition to
the fragment finding. Numbers in the table refer to individual sesamoid bones and includes sesamoids for
which the fragment was surgically removed prior t0 SAle ..........ccvevieerierieriieiieieeie e 58

TABLE 4.6. The proportion of sales yearlings that raced for each level of radiological variable reported in
the multivariate logistic regression model. Displayed are the overall number of yearlings with a given
radiological finding, the percentage of those yearlings that raced, the back-transformed probability of
racing based on a logistic model controlling only for horse sex, and the multivariate regression model
controlling for the other selected radiological findings ...........cccecvveieriiiiiieeciieiieeee e 59

TABLE 4.7. The proportion of sales yearlings with sesamoid fragments that started at least one race, by
fragment location within the sesamoid and by forelimb and hindlimb location. Counts represent
individual horses and include those in which fragments underwent arthroscopic removal prior to or after
the YEATTING SAIE ...eoiiiiieiiciieeeeee ettt ettt et e b e et e e be e be e b e e s e et e e s e et e ebee st e seenseenteenseenns 60

TABLE 4.8. Results from a multivariate log-linear regression model for age at first race start in days old

by maximum hindlimb vascular channel grade as yearlings, for 2119 sales Thoroughbreds that started at
LEASE OIIE TACE ...ttt sttt st e b ettt ea s 61

XV



TABLE 4.9. Results from a multivariate negative binomial regression model for mean number of race
starts from 2-4 years of age by maximum forelimb sesamoid vascular channel grade as yearlings, for 2119
sales Thoroughbreds that started at 1€ast ONE TACE .........ccceerieriieriieiieieeeee et seeeseee s 62

TABLE 5.1. Grading system for the ultrasonographic appearance of the suspensory ligament branches
and the adjacent aspect of the proximal sesamoid bone in the forelimbs of yearling and 2-year-old
Thoroughbred SAlES NOTSES .......cccviviieiiiiicie ettt e e e s e sseesaeessaeseaessaessnesnsensnas 75

TABLE 5.2. Distribution of ultrasonographic fibrillar pattern grades by location, comparing medial and
lateral forelimb suspensory branches, in Thoroughbred sales yearlings and 2-year-olds ...........c..ccoc........ 81

TABLE 5.3 Distribution of ultrasonographic forelimb suspensory ligament branch fibrillar pattern grades
by side, comparing left and right forelimbs, in Thoroughbred sales yearlings and 2-year-olds ................ 81

TABLE 5.4 Distribution of ultrasonographic forelimb suspensory ligament branch fibrillar pattern grades
by horse sex, comparing colts/geldings and fillies, in Thoroughbred sales yearlings and 2-year-olds ..... 81

TABLE 5.5. Distribution of maximum forelimb suspensory ligament branch fibrillar pattern grades per
horse in Thoroughbred sales yearlings and 2-year-olds ..........cccoceviieriiriiriieniiereesieseerre e 82

TABLE 5.6. Distribution of ultrasonographic forelimb suspensory ligament branch fibrillar pattern grades
in 2-year-old horses (columns), relative to each branch’s grade at yearling age (rows), for 392 suspensory
branches from 98 horses with paired yearling and 2-year-old sales ultrasonography. Shaded cells represent
grades that remained unchanged between sales. Percentages refer to row totals, i.e. the proportion of the
respective yearling grade distributed across grades 0-3 at 2-year-old age .........coceevevereenenenencenenenens 82

TABLE 5.7. Distribution of ultrasonographic hyperechoic foci grades by location, comparing medial and
lateral forelimb suspensory ligament branches, in Thoroughbred sales yearlings and 2-year-olds ........... 84

TABLE 5.8. Distribution of maximum forelimb suspensory ligament branch hyperechoic foci grades per
horse in Thoroughbred sales yearlings and 2-year-olds via ultrasonographic examination presale .......... 84

TABLE 5.9. Distribution of the presence (Grade 1) and absence (Grade 0) of irregular proximal sesamoid
bone contour as detected ultrasonographically in Thoroughbred sales yearlings and 2-year-olds,
comparing medial and lateral forelimb suspensory ligament branches ............ccccevvverierieenienieneeneenieens 85

TABLE 5.10. The proportion of horses that raced for each level of maximum ultrasonographic finding in
the forelimb suspensory ligament branches at 2-year-old sales and the probability of racing from the
logistic regression model controlling for horse sex. Note: Displayed are the overall number of 2-year-olds
with a given maximum ultrasonographic finding for each ultrasonographic variable, the percentage of
those horses that raced and the back-transformed probability of racing based on the logistical model
CONIOIIING fOT NOTSE SEX ...vvieuiieiieiieieeie ettt ettt et e ete et eser e et e et e ssbessbessbesssesssesssesssesssesssesssesssesssenseens &9

TABLE 5.11. Estimated total prizemoney earnings and earnings per race start (USD) for each level of
maximum ultrasonographic forelimb suspensory ligament branch finding in 2-year-old horses that
subsequently raced, from the multivariate linear regression model controlling for horse sex. “denotes a
statistically significant difference (P<0.05) ......ccoovieriierieriienierieriereste st sree st e sreesaeesseessaeneees 91

TABLE 6.1. Concurrent radiological and ultrasonographical findings for individual forelimb proximal

sesamoid bone-suspensory ligament branch units in Thoroughbred sales yearlings and 2-year-olds;
showing suspensory branch fibrillar pattern grades seen ultrasonographically, with corresponding

XVi



radiological sesamoid grades present at the same time on sales repository radiographs. Row percentages
refer to the proportion of each level of ultrasonographic finding for a given sesamoid grade. Percentages
are shown with 95% confidence intervals (95% CI) .....ooovviiiiiiiiie e 107

TABLE 6.2. Concurrent radiological and ultrasonographical findings for individual forelimb proximal
sesamoid bone-suspensory ligament branch units in Thoroughbred sales yearlings and two-year-olds;
showing the median suspensory branch cross-sectional area (CSA), width and periligamentar tissue
thickness ratio (PLTr), as measured ultrasonographically, for each radiological sesamoid grade present at
the same time on sales repository radiographs. Median values are shown with interquartile range (IQR)
................................................................................................................................................................... 108

TABLE 6.3. Concurrent radiological and ultrasonographical findings for individual forelimb proximal
sesamoid bone-suspensory ligament branch units in Thoroughbred sales yearlings and two-year-olds;
showing suspensory branch hyperechoic foci grades seen ultrasonographically, with corresponding
radiological sesamoid grades present at the same time on sales repository radiographs. Row percentages
refer to the proportion of each level of ultrasonographic finding for a given sesamoid grade. Percentages
are shown with 95% confidence intervals (95% CI) .....oooviiiiiiiiiieece e 110

TABLE 6.4. Concurrent radiological and ultrasonographical findings for individual forelimb proximal
sesamoid bone-suspensory ligament branch units in Thoroughbred sales yearlings and two-year-olds;
showing sesamoid bone contour grades seen ultrasonographically at the suspensory branch insertion, with
corresponding radiological sesamoid grades present at the same time on sales repository radiographs.
Row percentages refer to the proportion of each level of ultrasonographic finding for a given sesamoid
grade. Percentages are shown with 95% confidence intervals (95% CI) ....cccovvvveviveciecinciiieee e, 111

Xvil



LIST OF FIGURES

FIGURE 3.1. Radiographs showing the appearance of a Grade 0 medial femoral condyle (MFC) in a
Thoroughbred yearling on CdCr (a) and CdLCrMO (b) projections. The Grade 0 MFC has no subchondral
lucency. Flattening of the distal articular contour of the condyle is allowed ...........cccevevininceninincnnene 25

FIGURE 3.2. Radiographs showing the appearance of a Grade 1 subchondral lucency (SCL, white
arrows) in the distal aspect of the equine medial femoral condyle (MFC) in a Thoroughbred yearling on
CdCr (a) and CdLCrMO (b) projections. The Grade 1 MFC SCL is a mild, shallow, crescent-shaped
lucency with a proximodistal depth < 3mm and with an axial-abaxial width greater than its depth ......... 25

FIGURE 3.3. Radiographs showing the appearance of a Grade 2 subchondral lucency (SCL, white
arrows) in the distal aspect of the equine medial femoral condyle (MFC) in a Thoroughbred yearling on
CdCr (a) and CdLCrMO (b) projections. The SCL is a moderate, dome-shaped lucency that extends
through the subchondral bone with a depth approaching that of its width (i.e. Grade 2 MFC SCL) ........ 26

FIGURE 3.4. Radiographs showing the appearance of a Grade 3 subchondral lucency (SCL, white
arrows) in the distal aspect of the equine medial femoral condyle (MFC) in a Thoroughbred yearling on
CdCr (a) and CdLCrMO (b) projections. The SCL is a large, spherical or ovoid cystic lesion that
communicates with the central articular surface of the condyle (i.e. Grade 3 MFC SCL) ......c.cccevvvnnnne 26

FIGURE 3.5. Radiographs showing spherical or ovoid lucencies in the axial aspect of the equine medial
femoral condyle (MFC), adjacent to the medial intercondylar eminence of the tibia, in three different 2-
year-old Thoroughbred horses on CdCr (a, b) and CdLCrMO (¢) projections. Axial MFC lucencies were
recorded and analysed separately from the MFC subchondral lucency grading system because they do not
involve the central weightbearing portion of the distal MFC. All three of these horses are Grade 0 MFC
SCL for the central distal articular portion of the condyle ..........ccccevcverieriieniieniieniereese e 27

FIGURE 4.1. (A) Grade 0 vascular channel appearance: no enlarged vascular channels and no abaxial
contour change. (B) Grade 1 vascular channel appearance: one enlarged vascular channel. (C) Grade 2
vascular channel appearance: two enlarged vascular channels. (D) Grade 3 vascular channel appearance:
three or more enlarged vascular channels. The presence of enlarged vascular channels supersedes abaxial
new bone for grading purposes. (E) Abaxial new bone, in the absence of any enlarged vascular channels.
(F) Abaxial margin concavity, in the absence of any enlarged vascular channels ............c..cccceeenenneene. 46

FIGURE 4.2 (A and B) Abaxial sesamoid fragmentation. (C) Apical sesamoid fragmentation, following
partial arthroscopic removal DEfOTe SALE ..........ceciiiiiiiieieiieee e e 47

FIGURE 4.3. Evolution of the vascular channel appearance in individual sesamoids, beginning with the
grade present at yearling sales. Grade 0 includes sesamoids with no enlarged vascular channels that had
abaxial contour change. N refers to individual proximal sesamoid bones from 422 horses with both
yearling and 2-year-old sales radio@raphis .........ccoccuieciieeiieiiiniieie e 55

FIGURE 4.4. Evolution of the appearance of sesamoids that had new bone on the abaxial margin at
yearling sales, in the absence of any enlarged vascular channels. N refers to individual proximal sesamoid
bones from 422 horses with both yearling and 2-year-old sales radiographs, of which there were 58
yearling sesamoids with abaxial margin new bone as the only finding ...........ccccoeeviivenininiinininee, 56

XViil



FIGURE 4.5. Evolution of the appearance of sesamoids that had a distinct concavity in the abaxial margin
at yearling sales, in the absence of any enlarged vascular channels. N refers to individual proximal

sesamoid bones from 422 horses with both yearling and 2-year-old sales radiographs, of which there were
51 yearling sesamoids with abaxial margin concavity as the only finding ..........ccccoccevenininennnnenne. 56

FIGURE 5.1. Examples of the grades used in this study for the ultrasonographic appearance of the
fibrillar pattern in the insertional region of the equine suspensory ligament branch. (A) Grade 0 fibrillar
pattern: homogenous echogenicity and uninterrupted fibrillar pattern. (B) Grade 1 fibrillar pattern:
Regions of mild hypoechogenicity and/or small areas of subtly irregular fibrillar pattern, seen here as an
indistinct hypoechoic region in the abaxial portion of the branch (arrows). (C) Grade 2 fibrillar pattern:
Regions of moderate hypoechogenicity and/or focal areas of mild-moderately disrupted fibrillar pattern
(arrows). (D) Grade 3 fibrillar pattern: Regions of severe hypoechogenicity/anechoic areas and/or
extensive fibrillar disruption, large core 1€Si0NS (AITOWS) .....ccvverieerieerieerieeriiereereeseeseesseeseeesseesseesseesseennes 76

FIGURE 5.2. Examples of the grades used in this study for the ultrasonographic appearance of
hyperechoic foci seen in the insertional region of the equine suspensory ligament branch. (A) Grade 1
hyperechoic foci: Mild to moderately hyperechoic areas within the ligament that do not cause acoustic
shadowing, i.e., small, non-shadowing flecks or linear hyperechoic areas running parallel with the
ligament fibres (arrows). (B) Grade 2 hyperechoic foci: Defined hyperechoic foci within the ligament
with acoustic shadowing, seen here in the palmar aspect of the branch insertion (arrows) ...........c..c...... 77

FIGURE 5.3. (A) Grade 1 sesamoid bone surface: Ultrasonographic evidence of bone irregularity or
disruption to the proximal sesamoid bone surface at the insertion of the equine suspensory ligament
branch (arrows). (B) Severe bone disruption, suggestive of an avulsion fragment, evident at the palmar
aspect of the branch INSETtioN (AITOWS) ......c.eccvieriieiiieciieciieiteie e ete et ereeseesseeaessbeesseesseenseessesssesssesnsennss 77

FIGURE 5.4. Proportions of forelimb suspensory ligament branches with grade 0, grade 1 and grade 2
fibrillar patterns as yearlings that progressed, regressed or remained unchanged in grade, for horses that
underwent presale ultrasonography at both yearling and 2-year-old sales ..........cccceceevenininienieninenenne. 83

FIGURE 5.5a. Yearling distribution summary of suspensory ligament branch ultrasonographic
measurements for cross-sectional area (CSA) in cm?® by fibrillar pattern grade (0-3) for all forelimb
DIANCRES ..ottt eae 86

FIGURE 5.5b. Two-year-old distribution summary of suspensory ligament branch ultrasonographic
measurements for cross-sectional area (CSA) in cm?® by fibrillar pattern grade (0-3) for all forelimb
DIANCRES ..ottt e 86

FIGURE 5.6a. Yearling distribution summary of ultrasonographic suspensory ligament branch width
(WID) in cm by fibrillar pattern grade (0-3) for all forelimb branches ...........ccccoccoviriiinniniininnne, 87

FIGURE 5.6b. Two-year-old distribution summary of ultrasonographic suspensory ligament branch width
(WID) in cm by fibrillar pattern grade (0-3) for all forelimb branches ...........ccccoocovviniiiinininiininnne, 87

FIGURE 5.7a. Yearling distribution summary of the proportion of periligamentar tissue thickness to
suspensory ligament branch width (PLTr), as measured ultrasonographically, by fibrillar pattern grade (0-
3) for all forelimb DIanCREs ..........cccveiiiiiiiiiie et s ae st st e s st e sebesnnesenesnseennas 88

FIGURE 5.7b. Two-year-old distribution summary of the proportion of periligamentar tissue thickness to

suspensory ligament branch width (PLTr), as measured ultrasonographically, by fibrillar pattern grade (0-
3) for all forelimb DIanCREs ........c.cccuieiieiiiiiiie ettt s e e et e essesesessaesnsesnseennas 88

X1X



CHAPTER 1 — INTRODUCTION

Radiograph repositories were introduced to Thoroughbred auction houses in the 1990s to centralise
veterinary information on sale horses, as a service to sellers and buyers. A repository was first implemented
at Thoroughbred sales in Kentucky, USA, in 1996 and has since become accepted practice at bloodstock
auctions worldwide. A standardised protocol for each sale requires radiographs of certain limb joints to be
acquired in a defined time period prior to the sale. Those radiographs are then lodged with the sales company
and made available for veterinary inspection. The system was designed to allow buyers to consult with
their veterinarian to make more informed decisions about a purchase, particularly with regard to the
likelihood of findings affecting a horse’s future soundness and athletic performance, alongside the

individual buyer’s risk tolerance for potential issues '

. Veterinarians are tasked with providing this
assessment of risk based on their own evaluation of diagnostic images. The current body of equine
veterinary literature has led to a degree of uniformity in repository radiology, particularly regarding the
interpretation of lesions of osteochondrosis and osteochondritis dissecans. However, the superior image
quality now afforded by digital radiographs enables the detection of subtle changes previously under-
reported or undetected with analogue film-screen radiography. With this increased clarity comes the
potential for over-interpretation of certain findings. There are radiological changes that are commonly
identified in the equine medial femoral condyle (MFC) and proximal sesamoid bone (sesamoid) for which
veterinarians currently have limited scientific evidence to make objective assessments of the true
significance or associated risk of future disease. Many recommendations to buyers are based on small
datasets and personal experiences, causing discrepancies in veterinary interpretation and the subsequent
advice that is relayed to vendors and prospective buyers. This is increasingly becoming a source of
frustration within the Thoroughbred industry and has led some consignors, purchasers and trainers to
question the usefulness of the repository system.

In the equine MFC, condylar flattening, subchondral lucencies (SCLs) of varying depths, cystic

lesions adjacent to the central distal articular surface of the MFC and axially located cysts are known to



behave differently, but are often catagorized together, making the significance of each lesion difficult to
understand >®. The prevalence of such lesions in the MFC ranges from 0.8% to 16% depending on how a
lesion is defined 2. Radiological abnormalities of the stifle can change with age in young horses and SCLs
most commonly occur in the MFC within the first 18 months of life °''. Both substantial radiological
improvement and worsening of MFC SCLs have been documented in growing horses *°. However, there is
limited scientific evidence regarding the frequency of progression of SCLs in sales yearlings and 2-year-
olds and their impact on racing careers '*'*. Consequently, the interpretation of shallow MFC lucencies on
presale radiographs is particularly problematic.

The sesamoid bones in the metacarpophalangeal and metatarsophalangeal joints are critical
anatomical structures in the suspensory apparatus of the horse. Injuries to the suspensory apparatus may
impair athletic ability and can have significant consequences in the horse '*'°. The suspensory ligament
(tendon of the third interosseous muscle) bifurcates in the distal metacarpal and metatarsal regions, giving
rise to medial and lateral ligament branches '®'”. The medial and lateral branches of the suspensory ligament
insert abaxially onto the respective medial and lateral sesamoids '®'” Given their anatomical relationship
and clinical importance, a link between pathological change in the sesamoids and suspensory branches has
been discussed for over 50 years '®2!. Variability in the radiological appearance of bony canals or channels
within the sesamoids has been termed “sesamoiditis” *'°. This use of this term in reference to subclinical
presale radiological findings in untrained Thoroughbreds strays from its original intended use as a diagnosis
of clinical injury involving sesamoid changes and associated lameness '°. Much like with MFC findings,
inconsistent interpretation of sesamoid findings on presale radiographs and their impact or otherwise on
future racing success has been controversial '#!3%%%,

Ultrasonography is not currently included in sales repository imaging protocols. However,
ultrasonography of the suspensory branches is now frequently performed by veterinarians presale, as
consignors and prospective purchasers sensitised to the issue of sesamoid changes seek to gather more
information on which to base their sale and management decisions. Ultrasonography is being performed on

yearlings with radiological sesamoid changes, as well as on valuable yearlings that have sesamoid



radiographs considered to be within normal limits. The ultrasonographic appearance of the suspensory
ligament branches has never been studied at Thoroughbred sales and there is no published reference data
for this population of young Thoroughbreds. As presale suspensory branch ultrasonography is becoming
commonplace, it is critical that evidence-based research be performed to provide objective data to explain
the long-term significance of varying degrees of ultrasonographic findings, as well as their relationship to
radiological sesamoid findings.

The goal of the Orthopaedic Research Center at Colorado State University’s C. Wayne Mcllwraith
Translational Medicine Institute is to improve the diagnosis and treatment of musculoskeletal diseases in
athletic horses. Researchers strive to identify features via diagnostic imaging that may predispose the horse
to injury during training and racing. To answer the current research questions surrounding presale imaging
findings in the sesamoids, suspensory branches and MFCs, a large-scale scientific investigation in
Thoroughbred sales horses is needed.

The research presented in this dissertation began with the hypothesis that specific radiological
characteristics of the sesamoids would be associated with measured ultrasonographic findings in the
suspensory branches in yearling and 2-year-old sales horses and with racing performance. It was also
hypothesized that the severity of subchondral lucencies in yearling MFCs would dictate the risk of
progression to a cystic lesion.

The specific aims of this work were 1) to objectively evaluate the MFCs and sesamoids on
repository radiographs of sales yearlings and the concurrent ultrasonographic appearance of the adjacent
suspensory branches at yearling sales, 2) to repeat radiological and ultrasonographical evaluations at 2-
year-old in-training sales for included yearlings that presented for sale again as 2-year-olds and 3) to collect
racing data until the end of the 4-year-old racing season, including follow-up information for any horses
that did not race. The aims for data analysis were to analyse the distribution of each finding in yearlings
and 2-year-olds, objectively evaluate paired yearling and 2-year-old sales radiographs to track the
progression, regression or unchanged nature of findings between sales, and to determine statistical

associations between presale imaging findings and racing performance outcomes.



The goal is to improve the Thoroughbred industry’s understanding of MFC, sesamoid and
suspensory branch changes in yearlings and 2-year-olds; to define the range of findings that might be
considered insignificant within the normal population of sales horses, and to determine what level of change
carries an increased risk of detrimental effects on future racing performance or clinical disease.

The radiograph repository system at sales should benefit individual horses by enabling appropriate
management tailored to any abnormalities that carry an increased risk of injury during future training. The
repository system should also benefit the Thoroughbred industry as a whole through increased knowledge
and confidence in decision making surrounding bloodstock purchases.

The ultimate objective of this research is to provide a strong scientific evidence base to enable
bloodstock sale and training management decisions that are based on quantitative evaluations of risk. This
will increase industry confidence in the sales repository system and in the veterinarian’s role in the

management and care of the Thoroughbred horse.



CHAPTER 2 - LITERATURE REVIEW

A review of the existing scientific literature surrounding presale radiology in Thoroughbred horses
and ultrasonographic suspensory branch findings is set out below. The foundational sales radiology studies
are discussed and specific evidence is presented as it relates to radiological changes seen in the medial
femoral condyles (MFC), proximal sesamoid bones (sesamoids) and suspensory ligament branches
(suspensory branches) of young Thoroughbreds. This is followed by a discussion of areas in which further
research is required to build on the existing scientific knowledge, with the aim of advancing the evidence

base utilised by equine veterinarians and the wider Thoroughbred industry at bloodstock sales.

2.1 Sales radiology research

The work of Kane, Park, Mcllwraith et al '*'* examining various presale radiographic changes in
Thoroughbred yearlings in North America remains the most comprehensive sales radiology study to-date.
The prevalence and distribution of radiographic findings on presale yearling radiographs acquired between
1993-1996 were analysed, followed by their associations with 2 and 3-year-old racing performance. In this
foundational work, the authors showed that reduced odds of starting a race as a 2 or 3-year-old were found
in association with moderate or extreme palmar supracondylar lysis of the third metacarpus, enthesophyte
formation on the proximal sesamoid bones, dorsal medial intercarpal joint disease and dorsoproximal first
phalanx fragmentation in the hind fetlock. No association with reduced racing performance was found for
sagittal ridge flattening of distal third metacarpus, circular lucencies in ulnar carpal bone or circular
lucencies and vascular channels in proximal sesamoid bones. Much of this objective information continues
to be used by sales veterinarians when evaluating radiographs in the repository setting today. One exception
is the finding relating to vascular channels in the proximal sesamoid bones, for which different findings in
subsequent research are discussed below. Medial femoral condyle lucencies were not addressed by Kane,

Park, Mcllwraith et al because of the limited availability of stifle radiographs at the time.



In the same journal issue as the above work, the first sales radiology study solely focused on
sesamoid findings was published by Spike-Pierce and Bramlage (2003), involving Thoroughbred sales
radiographs acquired from 1991-1994. The results of this study are discussed in the sesamoid section below.
In addition to these two foundational articles, a number of subsequent sales radiology studies have been
conducted and their methodologies are outlined in Table 2.1. Results of these studies that relate specifically

to MFC lucencies and sesamoid changes are discussed in the following relevant sections of this chapter.

2.2 Medial femoral condyles

Subchondral lucencies in the distal aspect of the MFC are a contentious presale finding on stifle
radiographs in Thoroughbreds. Particular uncertainty surrounds the significance of such lucencies in
clinically unaffected yearlings, which are yet to undergo substantial athletic training. The risk of progression
to cystic lesions has not been quantified and the effect on future racing performance is not well understood.

Clinical and radiological aspects of stifle bone cysts in the horse were reported in the equine
veterinary literature by Jeffcott and Kold in 1982 *. The report detailed clinical cases in 33 horses, 28 of
which were young Thoroughbreds, involving intermittent hindlimb lameness of varying degrees. Large,
circular or dome-shaped cysts in the central aspect of the distal MFC with a distinct communication with
the medial femorotibial joint were most common (28/33). Five cases involved cysts that were much more
variable in shape and size and were located either in the axial aspect of the MFC, adjacent to the
intercondylar fossa, or in the proximal tibia distal to the tibial spine. Seven of 13 cases with follow-up
examination showed mild improvement in cyst radiodensity. The authors remarked that a prominent zone
of sclerosis on follow-up radiographs was a feature in horses that fared well in subsequent racing
performance.

In the 1990s, radiographic surveys conducted as part of the presale examination of young
Thoroughbreds began to include the stifle region. Initially, the sites of most interest within the stifle were
trochlear ridges of the distal femur affected by osteochondrosis lesions. In the foundational sales radiology

research by Kane, Park, Mcllwraith et al "%, limited radiographic projections of the stifle were available and



TABLE 2.1. Published scientific literature involving sales radiology findings in horses

Primary Publication Study Study Population Sampling Method Number of Radiographic Investigative Focus Radiograph Follow-Up Performed
Author period Horses findings examined Type
Sales radiograph studies investigating radiographic changes in multiple anatomic locations (in order of study size):
Kane Equine 1993 - Keeneland & Fasig- Allyearling sales 1162 Front feet, fetlocks, Prevalence & Analogue 2 & 3yo racing
Veterinary 1996 Tipton radiographs from carpi, hocks, stifles distribution, performance: number
Journal Thoroughbred (TB) one private association with 2 & of race starts, percent
yearling sales, practice in central 3yo racing of starts placed,
Kentucky USA Kentucky performance money earned,
earnings per start
Meagher Journal of the 1997 - 2yo TB in-training All radiographs 953 Fetlocks, carpi, Prevalence & Analogue Time from sale date to
American 2001 sales in Pomona, lodged at sale each hocks, stifles distribution, 1 furlong first start; 2 & 3yo
Veterinary California USA year presale breeze times; starts, earnings;
Medical association with career length, starts,
Association entire career racing earnings, number of
performance stakes races run,
highest purse
Cohen Journal of 2002 - Fasig-Tipton All radiographs 348 Fetlocks, carpi, Prevalence, Digital 2 & 3yo performance:
Equine 2003 Summer TB lodged at sale each hocks, stifles association with sale Number of starts,
Veterinary Yearling Sale, Texas | year price; association wins, placings, graded
Science USA with 2 & 3yo stakes races, earnings
performance
Contino Equine 2003 - Quarter horse All radiographs 458 Fetlocks, carpi, Prevalence & Digital None
Veterinary 2006 yearlings and 2yos, from NCHA sales hocks, stifles distribution in
Journal National Cutting and survey (278 yearlings & 2yos
Horse Association radiographs from yearlings,
(NCHA), USA one private cutting 180 2-year-
horse ranch olds)
Oliver New Zealand 2003 - National Yearling Contacted all 1505 Hocks, stifles Prevalence & Analogue None
Veterinary 2006 TB Sales, New vendors for distribution (digital
Journal Zealand permission, photographs of
obtained for 47% films used by 1
of yearlings with of 2 evaluators)
radiographs
Preston Journal of the 2006 Keeneland Random selection 397 Fetlocks, carpi, Prevalence, Digital 2yo performance:
American September TB of all horses hocks, stifles; history association with sale having started a race,
Veterinary yearling sale, offered for sale of arthroscopy price; association whether placed,
Medical Kentucky USA with 2yo performance having at least one
Association placing, money
earned, earnings per
start
Furniss Journal of the 2008 National TB All radiographs 269 Front feet, fetlocks, Prevalence & Digital None
South African Yearling Sale, lodged at sale carpi, hocks, stifles distribution
Veterinary South Africa
Association




Sales radiograph studies investigating radiographic change involving one specific location:

Spike-Pierce Equine 1991 - TB Yearling sales, Pre- and post-sale 487 Proximal sesamoid Categorisation of Analogue 2 & 3yo number of
Veterinary 1994 USA survey bones changes, association races started,
Journal radiographs. with 2 & 3yo racing earnings
Sampling not performance
described
Whitman American 1998 - Keeneland Repository reports 52 Medial femoral Correlation of MFC Analogue Race start as 2yo,
Association of 2003 September TB from 3 condyle lucencies lucency size to sale number of 2yo starts,
Equine yearling sales, veterinarians with price & racing win percentage as
Practitioners Kentucky USA medial femoral performance 2yo, total starts and
Convention condyle (MFC) wins from 2 - 4 years-
Proceedings lucencies > 15mm? old, earnings
McLellan Equine 2009 - TB horses ata Allin-training 291 Proximal sesamoid Categorisation of Digital Clinical signs of SLBI
Veterinary 2010 single training medical records bones changes using 3 in first year race
Journal centre in Ocala, prior to first race, (29 different scales, training, with
Florida USA retrospective sesamoiditis association with SLBI diagnosis confirmed
evaluation of cases, 262 in first year of race ultrasonographically
yearling sale controls) training

radiographs




no MFC lucencies or cystic lesions were reported. From the 600 yearlings with stifle radiographs included
in the study, the MFC could only be clearly visualized in 170 lateromedial radiographs. No radiographs of
the caudolateral-craniomedial oblique stifle projection were included.

With the growing utilisation of radiograph repositories at bloodstock sales came the increasingly
topical discussion of survey radiology findings. Whitman, Morehead, Pritchard et al presented a conference
abstract in 2006 ® that correlated MFC lucency size to sale price and racing performance in 52
Thoroughbreds with a mean age of 18.1 months old. Cases were derived from searching 2915 Thoroughbred
yearling sales reports from a 5-year period. The authors categorised MFC lucencies into two groups: cysts
(25 horses), i.e. rounded lucencies within the condyle that usually communicate with the medial
femorotibial joint, and subchondral lucencies (27 horses), i.e. shallow crescent-shaped lucencies at the distal
aspect of the condyle that have a greater width (lateral-medial) than height (proximal-distal). There was a
prevalence of 0.93% for MFC subchondral lucencies and 0.86% for MFC cysts, with a 1.8% overall
prevalence of MFC lucencies of at least 15 mm? in size. Lucencies under 15 mm? in area were not included.
The area of the decreased radiodensity in the MFC was determined by multiplying its largest proximal-
distal dimension by its largest lateral-medial dimension, on either caudocranial or 20° caudolateral
craniomedial oblique radiograph projections. In unilaterally affected horses, the MFC lucency was
significantly more likely to occur in the right stifle than the left. Significantly fewer yearlings with MFC
cysts sold at auction, with a 60% clearance rate, compared to yearlings with MFC subchondral lucencies
and unaffected yearlings, of which 89% and 83% were sold respectively. The median sale prices for
yearlings with MFC cysts and subchondral lucencies were significantly lower than the median sale price
for yearlings with no MFC lucencies ($32,000 and $34,000 respectively, compared to $95,000). The authors
concluded that subchondral Iucencies of the MFC present no threat to a horse’s racing ability.

A radiology study performed on Thoroughbred yearlings at New Zealand sales by Oliver, Baird,
Baird et al °, reported the prevalence and distribution of stifle lesions using only the caudocranial
radiographic projection. A minimum width of 5 mm was required for inclusion of an MFC lucency. Under

this definition, 16% of 1505 yearlings had a lucency; 11% 1-2 mm deep, 4% 3-5 mm deep and 1.7% had a



cyst-like lesion >5 mm deep. 2.5% of yearlings had bilateral lucencies. A significantly higher proportion of
MEFC lucencies were seen in the right hindlimb compared to the left hindlimb (172 yearlings, 96 yearlings
respectively). Analysis showed no difference in the proportion of colts or fillies affected. This refuted the
clinical impression that colts were more frequently affected, due to their often larger size and faster growth.
The images used in this study were analogue film-screen radiographs, plus digitally converted film-screen
radiographs. The authors noted some loss of image detail due to this method of conversion.

Flattening of the MFC contour on radiographs, in the absence of a lucency, has been a source of
much debate, both in terms of whether it is real and whether it is important. Oliver, Baird, Baird et al defined
subjective flattening as any change in the contour of the distal MFC <1 mm deep from the articular surface.
MFCs from 52% of 1505 yearlings met this definition for flattening in their study. The authors considered
MEFC flattening to be a normal variation in yearlings and unlikely to be of clinical significance. It was also
mentioned that the higher prevalence of flattening and lucencies in right stifles could be positioning artefact
and the result of altered obliquity when the radiograph is taken. Projection angle, radiographic technique
and hindlimb stance affect MFC shape on the resulting images.

Preston, Brown, Trumble et al ** examined associations between yearling sales radiographic
findings and 2-year-old racing performance, though only 6 radiographic findings were recorded and lesions
within certain joints were combined. The data analysis grouped lateral and medial trochlear ridge defects
and MFC cysts together, however these stifle findings are distinct entities that may differ in their clinical
importance.

In 2012, Contino, Park and Mcllwraith published a study of sales radiographic changes in Quarter
Horses intended for cutting ». These authors used a grading scale for MFC lucencies based on their
radiological appearance in both the caudocranial and oblique radiographic projections. This grading scale
is equally applicable to the radiological appearance of MFC lucencies in Thoroughbreds. Subsequent
follow-up data on this group of Quarter Horses found no statistically significant association between

radiographic lesions of the MFC and subsequent cutting horse competition performance .
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A recent retrospective cohort study by Perez-Nogues et al examined the change in size and
morphology of shallow MFC lucencies seen on presale screening radiographs of weanling and yearling
Thoroughbreds, with mean ages of 10 and 17 months old (7-12 months old and 14-19 months old,
respectively) °. The objective was to address the fact that it is unclear whether shallow MFC lucencies are
precursors to larger cystic lesions or fully developed defects that remodel into a flattened condyle. The
study aimed to determine whether radiologically diagnosed shallow MFC lucencies progress, regress or
remain static in size between weanling and yearling screening radiographs. Shallow lucencies were defined
as <3 mm in height from the articular surface, measured on the caudo-cranial radiographic projection. This
type of shallow MFC lucency was present in 6.4% of horses with paired weanling and yearling radiology
reports (248 of 3874 horses). A right-sided predilection was seen, with 74% of the shallow MFC lucencies
involving the right stifle and 26% involving the left stifle. The mean percentage width of the MFC affected
by a shallow lucency ranged from 14% to 21%. Lucencies in the left MFC were significantly smaller than
those in the right stifle. The authors hypothesized that larger (deeper or wider) lucencies were more likely
to increase in size or progress to cystic lesions. The presence of subchondral bone sclerosis surrounding
shallow MFC lucencies was found to be inconsistent by other authors and thus was not used in the definition
of lesion characterisation in this study. In addressing the question of whether shallow MFC lucencies are
distinct developmental defects that may remodel with time, or whether they are precursors to cystic lesions,
the authors found that 41% of lucencies remained unchanged in size from weanling to yearling age, 24%
became smaller, 6% resolved, 8% increased in size and 4% developed into cysts. Also of note is that 13%
of the MFC lucencies seen in yearlings arose from MFCs that did not have an apparent radiolucency at
weanling age. The authors considered whether MFC lucencies may be a late-developing lesion, similar to
femoral trochlear ridge OCD in the stifle (Dik, Enzerink 1999). The study concluded that most shallow
radiographic MFC lucencies remain a similar size between weanling and yearling age, however a small
proportion have the potential to resolve (6%) or progress to a cystic lesion (4%). The possible changing
nature of MFC lucencies beyond yearling age was outside the scope of this study. Regarding impact on

racing performance, 182 of 248 horses with a shallow MFC lucency had racing data available. In these 182
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horses, those with a shallow MFC lucency had significantly fewer 2-year-old race starts compared to their
unaffected maternal siblings. The authors concluded that shallow MFC lucencies were associated with a
later start to racing careers but did not significantly impact performance once racing (when performance is
assessed by number of starts, earnings and earnings per start). Colts and geldings earned significantly more
money as 3-year-olds than fillies, suggesting horse sex should be taken into consideration when analysing

performance.

2.3 Proximal sesamoid bones
Changes in the radiological appearance of the sesamoids have been discussed in the equine
veterinary literature for over 50 years. Published in 1971, Fraser’s work entitled “Some conditions of the

» 18 remarked on “sesamoiditis or inflammation of the sesamoid

proximal sesamoid bones in the horse
bones” and described a distinct form of pathological change involving the external or non-articular surface,
whereby “an initial periostitis of the abaxial surface of the bone [is seen] due to tearing of the ligamentous
attachments.” Fraser concluded that many sesamoid lesions seen on radiological examination are difficult
to interpret and most cases of sesamoid lameness are related to previous primary soft tissue damage.

Later the same year, a radiographic study into sesamoid changes in racing Thoroughbreds with
lameness was produced by O’Brien, Morgan, Wheat et al '°. The authors aimed to more clearly define
“sesamoiditis” as a term used to describe injury of the sesamoids in Thoroughbreds characterized by
lameness. Radiographs from 100 racing Thoroughbreds with suspected sesamoid lameness were studied
and additional postmortem and radiographic examinations were made. Using analogue film-screen
radiography, vascular channels were observed in 50% of fetlock radiographs (77/154). The appearance of
the normal sesamoid in mature racing Thoroughbreds was defined as two or fewer sharply marginated
vascular channels and well-defined abaxial, flexor and articular surfaces without radiodense buildup. The
authors proposed that the term “sesamoiditis” be used to describe primary disease of the suspensory

apparatus involving bony change on the sesamoid abaxial surface or basilar area with increased radiodense

buildup, increased number and irregularity of the vascular channels and increased coarseness and mottling
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of the bone trabeculation. It was concluded that “large vascular channels in sesamoids are radiographic
findings of immense importance” and that “these diagnoses present a diagnostic challenge to the clinician
and radiologist.”

In the early 1990s, research into the adaptive response of the equine proximal sesamoid bones to
exercise was performed on a small group of trained and untrained Thoroughbred racehorses *’. Training
stimuli resulted in a significant stress-adaptive response and regional morphological variations in the
cancellous bone. A separate study into the clinical relevance of the microvasculature of the equine proximal
sesamoid bone was also published *°. This showed that the sesamoids were supplied by multiple branches
of the medial and lateral palmar digital arteries, which enter the proximal half of the bone on its abaxial
surface and arborize into smaller branches that supply the rest of the bone. The major branches reside in
bony canals that match the radiological lucencies seen in horses with “sesamoiditis”.

Radiography became an increasingly important part of the presale veterinary examination of horses
during the 1990s. Particularly with the establishment of radiograph repositories at Thoroughbred auction
houses, this led to increased scrutiny of radiological sesamoid findings, now in the absence of clinical
disease, in untrained yearlings and unraced 2-year-olds. The condition of “sesamoiditis”, previously
diagnosed in clinical cases, was being applied to radiological findings on survey and presale radiographs
of Thoroughbred yearlings. This was addressed by two studies published in 2003 that retrospectively
examined yearling sales radiographs from the early-mid 1990s.

Kane, Park, Mcllwraith et al '* performed the largest study to-date on radiographic changes in 1162
Thoroughbred yearlings, from Kentucky sales radiographs obtained from one private practice. This
represented a 7% sample of all yearlings sold at these sales (1162/16577). Specific to sesamoid findings,
98% of yearlings had radiolucent vascular channels evident in at least one forelimb sesamoid. Irregular
vascular channels were present in 79%, when defined as channels “greater than 2 mm wide or with non-
parallel sides for any portion of their length”. To be categorized as normal, vascular channels had to have
parallel sides for their entire length. Based on this classification, irregular vascular channels were more

common than regular/normal vascular channels. Analysis of associations between radiological findings and
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racing performance at 2 and 3 years of age found no association between racing performance and vascular
channel appearance '*. Significantly reduced odds of racing was found for entheseophyte formation on
forelimb sesamoids (57% started, 8/14), where entheseophytes were defined as bone production within the
suspensory ligament branch or distal sesamoidean ligament attachments, i.e. abaxial or basilar new bone.
Hind sesamoid entheseophyte formation was associated with reduced earnings, earnings per start and
percent of starts placed.

Another foundational sales radiology study on sesamoids, published the same year by Spike-Pierce
and Bramlage %, reached a different conclusion regarding the significance of vascular channels. This study
involved 487 Kentucky sales yearlings and did not regard radiologically evident vascular channels as
incidental. Rather, analysis of future racing performance showed a significant decrease in the mean number
of starts and lower total earnings at 2 and 3 years of age for Thoroughbred yearlings with 3 or more
abnormally shaped vascular channels in a sesamoid (10/487 horses). For yearlings with 1 or 2 abnormally
shaped vascular channels, fewer starts and reduced earnings were seen at 2 years of age only (76/487
horses). Changes in the abaxial contour of sesamoids, in the absence of abnormal vascular channels, were
not associated with reduced performance. It was concluded that horses with enlarged vascular channels as
yearlings start fewer races and earn less prize money.

The discrepancy in the conclusions drawn from each study can be explained in part by differences
in the classification criteria used to grade the radiological appearance of the vascular channels. By the
definition of Kane, Park, Mcllwraith et al, 32% of yearlings (366/1127) had 3 or more enlarged vascular
channels, whereas the definition of Spike-Pierce and Bramlage classified 2% of yearlings (10/487) as
having 3 or more enlarged vascular channels. The latter study allowed for a conical opening at the abaxial
entrance of the vascular channel to be considered within normal limits, whereas formerly any deviation
from parallel sides was considered abnormal even if only at the abaxial end of the channel.

Building on these two foundational studies, further research specific to sesamoid findings was
published by McLellan and Plevin in 2014 *, involving 291 yearlings with sales radiographs from 2009-

2010. The authors recognized the importance of the radiological grading scale used to define vascular
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channel appearance and used a retrospective case control method to show that significant sesamoid change
at yearling sale time, when identified using a modified Spike-Pierce grading scale, was associated with an
increased likelihood of clinical suspensory ligament branch injury in the first year of race training. The
study concluded that sesamoids with one or more irregular vascular channels wider than 2 mm were 5 times
more likely to develop clinical signs of suspensory ligament branch injury within the first year of race
training. This was the first published evidence of a predisposition to subsequent suspensory ligament branch

injury for horses with radiological sesamoid change at yearling sales.

2.4 Suspensory ligament branches

Prepurchase ultrasonography of the suspensory branches has become commonplace in
Thoroughbred sales, as prospective purchasers sensitized to the issue of sesamoid changes and potential
branch injury seek to gather more information on which to base their decision-making. The detection of
ultrasonographic lesions can have implications for the market value and career management of the horse .
However, to-date, no research has been published on the ultrasonographic appearance of the suspensory
ligament branches in yearlings and 2-year-olds at Thoroughbred sales. Relevant work has been conducted
in young Thoroughbreds outside of the sales environment, investigating subclinical and clinical suspensory
branch changes.

Ultrasonographic branch abnormalities were examined in a survey of 60 Thoroughbred racehorses
from a training yard in the United Kingdom by Ramzan, Palmer, Dallas et al in 2013 . The
ultrasonographic appearance of the forelimb suspensory branches was graded from 0-3 on an ordinal scale
for echogenicity and fibrillar pattern disruption. If present, evidence of sesamoid bone margin disruption at
the branch insertion was also recorded. All horses were historically and clinically free of desmopathy, thus
this was the first report of subclinical ultrasonographic branch abnormalities in Thoroughbred racehorses.
Mild fibrillar pattern change (grade 1) was seen in 26-28% of horses. Moderate severity branch changes
(grade >2) were found in 6.7% of horses (4/60). The majority of abnormalities were present in the distal

(insertional) third of the branch and, specifically, the palmar or abaxial margin of the insertion. Medial
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branches were overrepresented. The authors concluded that ultrasonographic branch abnormalities are
present in a proportion of normal racehorses in training and may not always be related to clinical
desmopathy. Further longitudinal studies were needed to determine whether subclinical findings were
predictive of future injury.

Evidence of subclinical suspensory branch abnormalities has also been published for disciplines
other than flat Thoroughbred racing. Fairburn, Busschers and Barr reported on the ultrasonographic findings
in National Hunt (jumps) racehorses in 2017 %, identifying grade 2 branch change in 31% of horses in one
training yard (19/62). Medial branches were overrepresented and the medial branch insertional cross-
sectional area was significantly larger than that of the lateral branch. In 60 elite showjumping Warmblood
horses, Read, Boys-Smith and Bathe * also reported a high prevalence of subclinical grade 2 branch change.
Periligamentar fibrosis was overrepresented in hindlimbs in the latter study and is a known poor prognostic
indicator of clinical branch injury in sport horses *'.

The suspensory branches were identified by O’Brien and Smith as one of the structures most
commonly affected by tendon/ligament mineralization in the horses, in a review of cases presented to the
Royal Veterinary College Hospital, London, between 1999 and 2015 *2. The results indicated that
mineralization can sometimes be an incidental finding in equine tendons and ligaments. Dystrophic
mineralization was also a recognised feature in some cases of clinical suspensory branch injury reported by

Marneris and Dyson *'

. Little is known about the importance of subclinical suspensory branch
mineralization specifically in young Thoroughbreds when it occurs prior to racing.

The current evidence regarding suspensory branch ultrasonography specific to young
Thoroughbreds comes from the work of Plevin and McLellan. In 2014, these authors published a study into
the effects of clinical insertional branch desmitis on future racing performance in juvenile Thoroughbreds
33 The aim was to examine the prognosis for 2-year-olds that injure the suspensory branch insertion prior
to their first race. Cases were identified by clinical signs including reaction to branch palpation and visible

swelling, then confirmed with ultrasonography. From 896 Thoroughbreds in their first year of training at a

training centre in Florida, the prevalence of clinical branch injury was 9.5% (85/896). Analysis of racing
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performance concluded that mildly affected horses (grade 1) had a reduced number of starts and lower
earnings per start as a 2-year-old then performed similarly to cohorts by their 3-year-old season. Grade 2
cases continued to have fewer starts and lower earnings at 3 years of age. There were insufficient numbers
of Grade 3 branch lesions to further analyse the racing performance of this group.

In 2016, Plevin, McLellan and O’Keeffe published the first investigation into the association
between the presence of sesamoiditis and subclinical suspensory branch change in untrained (non-sale)
yearlings **. Fifty horses were followed prospectively during the first 9 months of their training careers and
the odds of developing clinical suspensory branch injury during this time were determined. By design, this
study did not include horses that had been through bloodstock auctions, instead only selected homebred
horses so as to remove variables related to horses undergoing a yearling sales preparation. The results found
a significant relationship between radiological sesamoid change and subclinical suspensory branch change
in a population of untrained Thoroughbreds, and an association with subsequent clinical branch injury. The
findings supported the belief that sesamoid change and suspensory branch injury are aetiologically related
and the authors recommended further work using larger populations to provide further insight into these

findings.

2.5 Conclusions

The studies described above form the basis of the evidence currently used by veterinarians
evaluating presale radiographs in Thoroughbreds, in conjunction with shared clinical experience and
anecdotal reports. Recommendations from the previous authors and discussions within the Thoroughbred
industry have highlighted areas in which further research is needed, to build on the work already performed.

A study involving large numbers of high-quality repository radiographs is warranted °. Relatively
low numbers have been a practical limitation in previous studies and have, at times, limited the conclusions
that may be drawn. Determination of associations with racing performance has been most difficult for the
less common radiological findings. Even in the largest study to-date, which included 1162 yearlings '2, the

statistical models for some radiological findings (percent of starts placed, total money earned and average
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earnings per start) were unstable due to the small number of yearlings affected within the sample. Early
studies were also limited by lower quality images, at times inconsistent radiographic technique, and single
projections per joint. The image resolution now obtained with digital radiography is substantially greater
than that of analogue film-screen radiographs. Inclusion criteria that samples from the entire population of
yearling radiographs available at a sale would ensure horses are not enrolled from only a subset of
consignors associated with one veterinary practice or one training centre '%!3%%33,

A new grading system for radiological sesamoid findings is needed and it is critical that such a
grading scale is concise, easily understood and able to be applied consistently among veterinarians in
clinical practice. The grading scale must also allow for the identification and analysis of the importance, or
otherwise, of a single enlarged vascular channel, as distinct from “one or more” enlarged vascular channels
that have been grouped together in recent studies ****. Personal communication with the authors of the
foundational sales radiology sesamoid studies has confirmed that separate analysis of a single enlarged
vascular channel would enhance understanding of the information provided by their work '*****, Enrolling
horses and then prospectively evaluating all images specifically for a research study would enable new
grading scales to be used, in a way that is not possible when retrospectively gathering data from previous
sales radiology reports without re-evaluating the images °.

There is currently no research that examines both yearling and two-year-old sales radiographs from
individual horses. Paired radiographs would enable the progression, regression or unchanged nature of
certain radiological findings to be studied, under the sales preparation conditions in which these trade horses
are managed. Given the spectrum of sesamoid change that is seen in yearlings, there is currently insufficient
evidence for veterinarians to objectively advise what degree of sesamoid change constitutes an unsuitable
risk for a 2-year-old in-training sales prospect. This knowledge is needed so that horses with an increased
risk of sesamoid injury or insertional desmopathy are managed appropriately and, conversely, yearlings

with mild sesamoid changes associated with no increased risk are not unnecessarily ruled out as trade

prospects.
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For the same reason, paired yearling and two-year-old radiographs need to be studied to follow
lucencies in the medial femoral condyle. Sales repositories now prescribe the inclusion of caudocranial and
caudolateral-craniomedial oblique radiographic projections of the stifle. The inclusion of the oblique view
minimizes misinterpretation of MFC contour abnormalities due to positioning artifacts resulting from
variations in the proximal-distal angle of the X-ray beam on the caudo-cranial projection. Specifically, over-
interpretation of condyle flattening can be avoided and true lucencies should be identifiable with the use of
orthogonal projections. Unknown rates of progression from subchondral lucencies to cystic lesions requires
that evidence be drawn prospectively from a population of sales horses as they progress into training and
racing. Despite showing a reduced sale price and reduced likelihood of sale at auction, the existing literature
does not suggest that MFC lucencies significantly affect horses’ long-term racing ability by the performance
measures used. Performance outcome measures commonly included number of starts, wins and percent of
starts placed from 2-4-years-old, plus earnings per start and total earnings from 2-4-years-old. A peer-
reviewed study involving a large sample size of sales horses, the use of orthogonal radiographic projections
of the MFC and radiographic follow-up from yearlings to two-year-olds, combined with prospective racing
performance data, is needed to address the questions that remain about MFC lucencies.

The prevalence of ultrasonographic findings in the suspensory branches of sales yearlings and 2-
year-olds has not yet been studied and no reference data exists for ultrasonographic measurements in this
population of horses **. The impact of the varying degrees of subclinical ultrasonographic findings at sales
age on future racing performance is unknown. Features of suspensory branch injury that are occur in sport
horses, such as periligamentar fibrosis and dystrophic mineralisation *!* have not been studied in sales
Thoroughbreds and so their importance in this group of horses is yet to be determined. Authors of previous
equine ultrasonography research have identified limitations associated with the evaluation of static
ultrasound images at a later date after ultrasonography **. Ideally, future studies would include collection
of dynamic ultrasonographic cine loops (short videos) in addition to still images, to enable accurate

evaluation by a blinded observer post-acquisition. Authors have also called for further work correlating
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suspensory branch findings with the radiological appearance of the sesamoids in large numbers of horses
2834

Evidence specific to horses that have undergone preparation for sale at public auction is needed.
The environment in which yearlings are prepared for bloodstock auctions has the potential to alter their
musculoskeletal development, in comparison to homebred horses that are not under the same pressure to
achieve the desired phenotype for success at a public sale. Subjectively, this includes the market demand
for a physically strong, well-conditioned appearance in sales yearlings. A rising plane of nutrition during
sales preparation and daily exercise differs from the management of homebred horses that are not being
prepared for sale as a yearling. Yearlings then purchased with the intention of resale at a 2-year-old in-
training sale have a short period in which to be broken to saddle and commence athletic training. A
successful selling price at today’s 2-year-old sales often depends in-part on a fast breeze (gallop) time. The
intensity of the 2-year-old sales preparation is at the forefront of buyers’ minds when selecting suitable
resale prospects as yearlings. Thus, research directly applicable to sales horses will enhance the evidence
base utilized by equine veterinarians and the wider Thoroughbred industry in addressing the above research

problems.
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CHAPTER 3 — SUBCHONDRAL LUCENCIES IN THE MEDIAL FEMORAL CONDYLE OF
YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES: PREVALENCE,

PROGRESSION AND ASSOCIATIONS WITH RACING PERFORMANCE?

3.1 Summary

Subchondral lucencies (SCLs) in the distal aspect of the medial femoral condyle (MFC) of young
Thoroughbred horses are a source of controversy on presale radiographs. There is limited scientific
evidence regarding the risk of progression and impact on future racing performance.

This was a prospective cohort study using an enrolled sample. The objectives were to 1) define the
prevalence of MFC SCLs on sales repository radiographs in yearling and 2-year-old Thoroughbreds, 2)
identify any associations between grade of MFC SCL and future racing performance and 3) monitor changes
in MFC SCL grades between yearling and 2-year-old sales in horses that present for sale at both ages.

Radiographs were obtained with consignor permission from a 2016 yearling sale and five 2017 2-
year-old sales. Stifle radiographs were evaluated and MFC SCL graded on a scale of 0-3. Axial MFC
lucencies were recorded separately. Maximum MFC grades per horse were analysed for associations with
racing performance outcomes, adjusted for sex, to the end of the horses’ 4-year-old racing year. Analysis
was via logistic, negative binomial or linear regression as appropriate, with the threshold for significance
set at a = 0.05.

Stifle radiographs for 2508 yearlings (5,016 Stifles) and 436 2-year-olds (872 Stifles) were included
in the study. MFC SCLs of Grades 1-3 were observed in 242 (9.65%) yearlings and of 49 (11.2%) 2-year-
olds. Bilateral MFC SCLs of Grades 1-3 were observed in 54 (2.2%) of yearlings and 12 (2.8%) of 2-year-

olds. Grade 1 MFC SCL in yearlings either remained static (14/31), progressed to a Grade 2 (6/31) or

@Peat, F. J., Kawcak, C. E., Mcllwraith, C. W., Keenan, D. P., Berk, J. T., & Mork, D. S. (2024). Subchondral
lucencies of the medial femoral condyle in yearling and 2-year-old Thoroughbred sales horses: Prevalence,

progression and associations with racing performance. Equine Veterinary Journal, 56(1), 99-
109. https://doi.org/10.1111/evj.13945. Included with permission of journal Editor-In-Chief.
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resolved (11/31). Grade 2 MFC SCLs in yearlings remained static (6/10), progressed to a Grade 3 (2/10) or
improved to a Grade 1 (2/10) by the 2-year-old sale. Yearlings with a Grade 3 MFC SCL had a 78%
probability of starting a race (95% confidence interval (CI) 58.2 — 89.6%), compared to 84% for MFC
Grade 0 yearlings (95% CI 82.7 — 85.8%). Six of the seven yearlings with axial MFC lucencies raced.
Grade 1 MFC SCLs are the most common type seen in yearling and 2-year-old sales horses. The
majority of yearling Grade 1 MFC SCLs resolved or remained static by 2-year-old sales. It was also possible
for Grade 2 and 3 MFC SCLs to improve one grade between sales. Fewer sales yearlings with a Grade 3
MFC SCL raced, but in those that did race there was no evidence of worse performance compared to

unaffected peers. Axial MFC lucencies did not affect racing performance.

3.2 Introduction

The significance of radiological findings on presale examinations is a concern to the Thoroughbred
industry,! and the radiological appearance of subchondral lucencies (SCLs) in the equine medial femoral
condyle (MFC) and their potential impact on athletic performance has been a source of controversy. >* The
incidence of lesions in the MFC ranges from 0.8% to 16% depending on how a lesion is defined.*®
Subchondral lucencies (which may be shallow in nature), condylar flattening, cysts in the axial MFC and
cysts on the central MFC surface are known to behave differently, but are often catagorized together, making
the significance of each lesion difficult to understand.>® Radiological abnormalities of the stifle can change
with age in young horses, and SCLs most commonly occur in the MFC within the first 18 months of life.”
' Both substantial radiological improvement and worsening of MFC SCLs have been documented in
growing horses.*” However, there is limited scientific evidence regarding the frequency of progression of
SCLs in sales yearlings and 2-year-olds, and their impact on racing careers.'>"

This study aimed to objectively evaluate yearling and 2-year-old Thoroughbred sales repository
radiographs from a large percentage of the US population, to clearly define the prevalence and lesion

characteristics of MFC SCLs and to analyse associations of the lesion grades with racing performance. In

horses presented at both sales, the study aimed to identify differences in grade of MFC SCL between one

22



and two years of age. It was hypothesized that yearlings with Grade 3 lesions would have reduced starts

and that there would be no progression of lesion severity with age.

3.3 Methods
3.3.1 Study design

A prospective cohort study was conducted using an enrolled sample of yearling Thoroughbred
horses. Researchers sought consent for study inclusion from consignors of all horses at the 2016 Keeneland
September Yearling Sale (Lexington, KY, USA), and from the five major subsequent 2-year-old sales in
2017: Fasig-Tipton Gulfstream, Ocala Breeders’ Sales (OBS) March, OBS Spring, Fasig-Tipton Maryland
and OBS June (Ocala, FL, USA) (Appendix 1). Horses for which study consent was granted at the yearling
sale required new research consent from their respective 2-year-old consignors to be eligible for 2-year-old
sale radiograph inclusion (Appendix 2). Radiographs for which permission was granted were downloaded
in DICOM format after the completion of each sale for confidential evaluation.
3.3.2 Radiological evaluation

Six radiographs acquired as part of the standard sales repository protocol were evaluated for each
horse: the lateromedial (LM), caudocranial elevated 10-20° proximodistal (CdCr) and caudolateral 30°-
craniomedial oblique (CALCrMO) projections of the left and right stifles. The radiological appearance of
each MFC was categorised into one of four grades as depicted by the example radiographs in Figures 3.1-
3.4. Grades were recorded for the MFC appearance on CdCr and CdALCrMO images and the highest grade

was taken to represent that MFC. Grade definitions are tabulated in Table 3.1.
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TABLE 3.1 Grading scale for the radiological appearance of a subchondral lucency (SCL) in the equine
medial femoral condyle

MFC SCL Definition

radiological appearance

Grade 0 Continuously convex or flattened appearance of the distal
articular surface of the condyle with no radiolucency

Grade 1 Mild, shallow, crescent-shaped lucency with proximodistal
depth <3 mm and width greater than depth

Grade 2 Moderate, dome-shaped lucency that extends through the
subchondral bone with depth approaching width

Grade 3 Large, spherical or ovoid cystic lesion that communicates with

the central MFC articular surface

Lucencies located within the axial aspect of the MFC adjacent to the medial intercondylar eminence
of the tibia, as depicted in Figure 3.5, were recorded separately from the MFC SCL grading system. MFCs
with an axial lucency were graded according to the appearance of the central distal articular portion of the
condyle, as for all other stifles. An additional record was made of the presence and size of the axial lucency.

The majority of radiographs were read by two veterinarians with 18 and 10 years’ experience in
repository radiology, respectively (DK, FP). Prior to evaluating the study radiographs, all four involved
veterinarians underwent a period of training during which they discussed the grading system and applied
group consensus to a sample of images. Each veterinarian then independently evaluated the same sets of
CdCr and CdLCrMO stifle radiographs for ten MFCs, to test interobserver agreement. During evaluation

of the study images by individual veterinarians, questionable findings were graded via consensus when
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FIGURE 3.1. Radiographs showing the appearance of a Grade 0 medial femoral condyle (MFC) in a
Thoroughbred yearling on CdCr (a) and CALCrMO (b) projections. The Grade 0 MFC has no subchondral
lucency. Flattening of the distal articular contour of the condyle is allowed.

FIGURE 3.2. Radiographs showing the appearance of a Grade 1 subchondral lucency (SCL, white arrows)
in the distal aspect of the equine medial femoral condyle (MFC) in a Thoroughbred yearling on CdCr (a)
and CALCrMO (b) projections. The Grade 1 MFC SCL is a mild, shallow, crescent-shaped lucency with a
proximodistal depth < 3mm and with an axial-abaxial width greater than its depth.
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FIGURE 3.3. Radiographs showing the appearance of a Grade 2 subchondral lucency (SCL, white arrows)
in the distal aspect of the equine medial femoral condyle (MFC) in a Thoroughbred yearling on CdCr (a)
and CALCrMO (b) projections. The SCL is a moderate, dome-shaped lucency that extends through the
subchondral bone with a depth approaching that of its width (i.e. Grade 2 MFC SCL)).

iy : i X 2
FIGURE 3.4. Radiographs showing the appearance of a Grade 3 subchondral lucency (SCL, white arrows)
in the distal aspect of the equine medial femoral condyle (MFC) in a Thoroughbred yearling on CdCr (a)
and CdLCrMO (b) projections. The SCL is a large, spherical or ovoid cystic lesion that communicates with

the central articular surface of the condyle (i.e. Grade 3 MFC SCL).
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FIGURE 3.5. Radiographs showing spherical (‘);-O‘Void lucencies in the axial aspect of the éd{line medial
femoral condyle (MFC), adjacent to the medial intercondylar eminence of the tibia, in three different 2-
year-old Thoroughbred horses on CdCr (a, b) and CdLCrMO (¢) projections. Axial MFC lucencies were
recorded and analysed separately from the MFC subchondral lucency grading system because they do not
involve the central weightbearing portion of the distal MFC. All three of these horses are Grade 0 MFC
SCL for the central distal articular portion of the condyle.
necessary. Radiographs were viewed using DICOM viewing software OsiriX MD and Horos. Observers
were blinded to sale and race results during radiograph evaluation.
3.3.3 Racing performance

Racing performance data collection continued until the end of the horses’ 4-year-old racing season.
Racing data was obtained from the Equibase Company LLC. Racing performance was measured via eight
outcome variables '*. Variables relating to race starts included; whether the horse started at least one race
by the end of the 4-year-old racing year ®'%, age at first start and total number of starts '*'°. Variables relating
to prizemoney included total earnings and earnings per start, in United States Dollars (USD) *°.
International earnings were converted to USD using the exchange rate on the date of racing. Variables
related to calibre of racing performance achieved included; career best start, weighted Listed and Group
race starts and Class Performance Index '*. Best start was a binary outcome for whether a horse started at
least one race at Listed or Group level. Weighted Listed and Group race starts was the sum total of weighted
starts, including each Listed race (1 point), Group 3 race (2 points), Group 2 race (3 points) and Group 1
race (4 points), respectively. Class Performance Index was a lifetime ratio based on an individual horse’s

average earnings per start, divided by the average earnings per start of all other horses of the same sex and

birth year.
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3.3.4 Non-starter follow-up information

Any horse that did not start at least one race was considered a non-starter. Follow-up information
for non-starters was sought via email and telephone communication with the connections of each horse,
using a flow-chart conversation framework that was designed to obtain increasing levels of detail while
minimising bias (Appendix 3).
3.3.5 Data analysis

Data analysis was performed via consultation with statisticians using the open-source statistical

software package R, version 4.0.2 by RStudio®. All reported confidence intervals are 95% and a=0.05 was

used as a threshold for significance across all tests. No adjustments to reported p-values were made for
multiple tests performed across outcomes.

Agreement between all pairs of observers was assessed using Cohen’s kappa with a squared
weighting, reported as a group range '"'*. Krippendorff’s alpha for multiple observers with an ordinal
method was also used, which is equivalent to the mean of Cohen’s kappa between pairs. Unweighted Fleiss’
kappa for multiple observers was used to calculate group agreement within each grade of lesion '°.

Radiological findings were summarised using descriptive statistics, with frequency distributions at
the stifle-level by age, by sex and by left and right hindlimb. Radiological findings were summarised at the
horse-level by age, using maximum MFC grade per horse. The proportion of horses with Grade >1 MFC
SCLs at yearling age compared to the same proportion at two years of age was analysed using McNemar’s
Chi-squared test with a continuity correction for low frequencies.

Associations between yearling radiological findings and future racing performance were analysed,
with each yearling assigned a horse-level categorical variable in the form of “maximum MFC grade”. This
was the most severe MFC SCL appearance the horse had as a yearling, in either the left or right stifle. To

test for a significant relationship between “maximum MFC grade” and the racing outcome; an ANOVA F-

bR Core Team, 250 Northern Ave, Boston, Massachusetts 02210, USA
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test (for continuous outcomes) or a likelihood ratio test (for binary and count outcomes) was performed and
associated test statistics and p-values were reported.

The associations between “maximum MFC grade” and each racing performance outcome were
examined in regression analyses. Specifically, each racing outcome was regressed on the categorical
radiological variable “maximum MFC grade” while controlling for horse sex, to adjust for differences in
racing opportunities. Binary outcomes, “Started a race” and “Best start” were analysed using logistic
regression. The count outcome “Number of starts”, was analysed using negative binomial regression. The
remaining race performance variables were analysed using linear regression. The reference value for
“maximum MFC grade” in all regressions was set to zero. For the racing outcome variable “started at least
one race”, all available horses were used. For other racing performance measures, only horses that started
a race were included in the analysis.

Data transformations were used when necessary to better satisfy model assumptions, e.g. normally
distributed errors. Earnings related measures required log transformation, with all $0 earnings and $0
earnings per start set to $1. Class Performance Index required log transformation with all CPI of zero set to
0.05, which is half the minimum performance value of 0.1. Weighted Listed and Group starts required
square root transformation.

Model estimates and confidence intervals produced by single variable regression analyses were
back-transformed to provide estimates that pertained to the original scale of the racing performance data,

describing the average value of the outcome for each level of max MFC score.

3.4 Results
3.4.1 Study enrolment

Repository radiographs for 2508 yearlings were used (Appendix 4), which represented 10.9% of
the annual foal crop and 36.0% of the 6,963 North American yearlings sold at auction in 2016 (Jockey Club

Information Systems Inc.). The age of the study yearlings on the first day of the sale ranged from 458 to
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614 days old, with a median of 535 days old. Repository radiographs for 436 2-year-olds were used
(Appendix 5), representing 19.7% of the 2-year-olds sold at auction in North America in 2017.
3.4.2 Interobserver agreement

Overall ordinal agreement between the four veterinarians evaluating stifle radiographs was Ka =
0.94, (group range weighted Ck = 0.88—1.00, P 0.004—0.002). Fleiss’ kappa for group agreement within
each grade of MFC lesion was k = 1.00 for Grade 0 and Grade 3, k = 0.57 for Grade 1 and k = 0.62 for
Grade 2.
3.4.3 Distribution of radiological findings
MFC findings summarised at the horse-level are presented in Table 3.2. Tables 3.3-3.5 contain the
individual MFC findings for all 5016 yearling stifles and 872 2-year-old stifles, the frequency distribution
of MFC findings by left and right hindlimbs in each age group, and MFC findings by horse sex
(colts/geldings, fillies) in each age group, respectively.
TABLE 3.2. Distribution of the most severe radiological medial femoral condyle subchondral lucency

(MFC SCL) grade in the left or right stifle per horse in Thoroughbred sales yearlings and 2-year-olds, where
N represents individual horses.

MFC SCL Number of yearlings, N (%) Number of 2-year-olds, N (%)
grade

Grade 0 2266 (90.4%) 387 (88.8%)
Grade 1 171 (6.8%) 30 (6.9%)
Grade 2 45 (1.8%) 14 (3.2%)
Grade 3 26 (1.0%) 5 (1.1%)
Total 2508 436

TABLE 3.3. Distribution of medial femoral condyle subchondral lucency (MFC SCL) grades in all stifles
of yearling and 2-year-old Thoroughbred sales horses, where N represents individual stifles.

MFC grade Number of yearling stifles, Number of two-year-old stifles,

N (%) N (%)
Grade 0 4720 (94.1%) 811 (93.0%)
Grade 1 214 (4.3%) 39 (4.5%)
Grade 2 55 (1.1%) 17 (1.9%)
Grade 3 27 (0.5%) 5 (0.6%)
Total 5016 872
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TABLE 3.4. Distribution of medial femoral condyle subchondral lucency (MFC SCL) grades by left and
right hindlimbs in yearlings and 2-year-old Thoroughbred sales horses, where N represents individual stifles
and the percentage shown is the left vs right hindlimb distribution for each grade.

MFC grade Number of yearling stifles, N Number of two-year-old stifles, N
(% left vs right) (% left vs right)

Left Right Left Right
Grade 0 2388 2332 412 399
(50.6%) (49.4%) (50.8%) (49.2%)
Grade 1 92 122 20 19
(43.0%) (57.0%) (51.3%) (48.7%)
Grade 2 19 36 3 14
(34.5%) (65.5%) (17.6%) (82.4%)
Grade 3 9 18 1 4
(33.3%) (66.7%) (20.0%) (80.0%)
Total 2508 2508 436 436

TABLE 3.5. Distribution of radiological medial femoral condyle subchondral lucency (MFC SCL) grades
in the stifles of yearling and 2-year-old Thoroughbred sales horses by colts/geldings versus fillies, where N
represents individual stifles.

MFC grade Yearling stifles, N (%) Two-year-old stifles, N (%)
Colts/Geldings Fillies Colts/Geldings Fillies
0 2405 (94.5%) 2315 (93.7%) 426 (93.8%) 385 (92.1%)
1 106 (4.2%) 108 (4.4%) 21 (4.6%) 18 (4.3%)
2 25 (1.0%) 30 (1.2%) 5(1.1%) 12 (2.9%)
3 10 (0.4%) 17 (0.7%) 2 (0.4%) 3 (0.7%)
Total 2546 (100%) 2470 (100%) 454 (100%) 418 (100%)

3.4.4 Paired yearling and 2-year-old sales radiographs

Radiographs were available at both the yearling sale and a 2-year-old sale for 422 horses, enabling
assessment of any change in the appearance of MFC SCLs between one and two years of age. Results are
presented in Table 3.6.

Of the yearling Grade 1 MFC SCLs, by two years of age 35.5% were a Grade 0 and 45.2% were a
Grade 1 (11/31 and 14/31, respectively). Thus, 80.7% of yearling Grade 1 MFC SCLs had either resolved
or remained static at 2-year-old sale presentation. Overall, 19.4% of yearling Grade 1 MFC SCLs
progressed to a Grade 2, i.e. one in five yearlings with a Grade 1 MFCL (6 of 31). When analysed by

hindlimb side, 14% of left stifle and 24% of right stifle Grade 1 MFC SCLs progressed to a Grade 2 (2/14
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and 4/17, respectively). For yearlings with Grade 2 lesions, 2 (20%) improved to Grade 1, 6 (60%) remained
static and 2 (20%) progressed to a Grade 3. For yearlings with Grade 3 lesions, 2 (66%) improved to a
Grade 2 and 1 (33%) remained static. McNemar’s test did not indicate a significant difference in the
proportion of yearling and 2-year-old horses with at least one non-normal MFC (P = 0.1).

TABLE 3.6. Distribution of medial femoral condyle subchondral lucency (MFC SCL) grades per stifle at
2-year-old sales (columns), relative to each stifle’s respective MFC SCL grade at the yearling sale (rows),
for 422 horses with paired yearling and 2-year-old Thoroughbred sales radiographs. Shaded values

represent grades that remained unchanged between sales.

MFC grade at MFC Grade at 2-year-old sale, N (%)
yearling sale

Grade 0 Grade 1 Grade 2 Grade 3 Total stifles
n=844
Grade 0 775 (96.9%) 21 (2.6%) 2 (0.2%) 2 (0.2%) 800 (100%)
Grade 1 11 (35.5%) 14 (45.2%) 6 (19.4%) 0 (0%) 31 (100%)
Grade 2 0 (0%) 2 (20%) 6 (60%) 2 (20%) 10 (100%)
Grade 3 0 (0%) 0 (0%) 2 (66.7%) 1 (33.3%) 3 (100%)
Total stifles 786 37 16 5 844
3.4.5 Axial MFC lucencies

Seven yearlings had lucencies located in the axial aspect of the MFC, adjacent to the medial
intercondylar eminence of the tibia (7/2508, 0.3%). These ranged in appearance from irregular lucencies to
well-defined spherical or ovoid cystic lesions. One yearling was bilaterally affected. In all 7 yearlings, the
affected stifles had a Grade 0 appearance for the central articular aspect of the distal MFC. One yearling
had a Grade 1 MFC SCL in the contralateral stifle, the rest had Grade 0 central MFCs bilaterally. Two of
these yearlings presented again at 2-year-old sales and the axial MFC lucencies persisted in both cases. No
new axial MFC lucencies were seen in 2-year-olds that did not have them as yearlings.

3.4.6 Associations with racing performance

i. Started at least one race

Overall, 85% of study yearlings started at least one race (2119/2508) and 15 % had not raced by
the end of their 4-year-old year (389/2508). The probability of yearlings with a Grade 3 MFC SCL

starting a race was lower than the probability of yearlings with Grade 0-2 MFCs starting a race (77.6% vs.
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84.3-91.3%) (Table 3.7). However, logistic regression analysis showed no statistically significant
difference in the probability of starting a race for any category of MFC SCL (P = 0.3).

TABLE 3.7. The distribution of radiological medial femoral condyle subchondral lucency (MFC SCL)
grades for all study horses at the Thoroughbred yearling sales, by most severe finding per horse, with the
accompanying proportion of horses that started at least one race by the end of their 4-year-old racing season
and the probability of starting a race via logistic regression analysis controlling for horse sex (colt/gelding,
filly).

Yearling Proportion  Probability of  SE for 95% P Number  Total

MEFC raced starting a race, probability Confidence value raced yearlings,

grade controlled for limits N=2508

horse sex

0 84.2% 0.843 0.008 0.827 — NA 1909 2266
0.858

1 87.1% 0.872 0.026 0.813 — 0314 149 171
0914

2 91.1% 0.913 0.042 0.790 — 0.203 41 45
0.967

3 76.9% 0.776 0.081 0.582 — 0.352 20 26
0.896

Of the entire registered North American foal crop born in 2015, 68.4% (15,770/23,043) had
started a race by the end of their 4-year-old year and an additional 0.7% had their first race start aged five
years or older (159/23,043) (Jockey Club Information Systems Inc.).

ii. Follow-up of non-starters

Follow-up information was obtained for 166 of 389 horses that never started a race (43% of non-
starters). For 84 non-starters, the follow-up was partial, i.e. confirmation was given that the horse never
raced but the reason for not starting was unknown, or confirmation was given that the horse was a
broodmare but the reason for never racing was unknown, or the horse was identified as exported from the
United States and the racing history was unknown and not accessible. Follow-up information was complete
for 82 non-starters. Of these 82 horses; 66 did not make a race start for reasons related to performance, 10
did not race due to fatal or near fatal accidents unrelated to performance, 5 did not race due to medical
events requiring euthanasia and 1 was purchased from the yearling sale for a non-racing discipline.

Of the 66 non-starters with follow-up that indicated a performance-related reason for not racing:

45 involved lameness, 14 were deemed to have insufficient athletic talent, 3 had upper respiratory tract
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dysfunction, 1 did not start for behavioural reasons, 1 had severe exertional rhabdomyolysis, 1 had cervical
vertebral malformation (wobbler) and 1 had recurrent exercise-induced pulmonary haemorrhage.

Of the 45 non-starters that did not race due to an identified lameness, the clinical diagnosis involved
the stifle region in 4 horses: in 3 cases the specific structure affected within the stifle was unknown and 1
horse was kicked in the stifle and had a persistent swelling at the site of external trauma. None of these 4
cases mentioned MFC SCL as a suspected cause of lameness. All MFCs in these 4 horses had a Grade 0
appearance on yearling radiographs and none had 2-year-old sales radiographs. In all 45 non-starters that
did not race due to known lameness, there was 1 horse with a Grade 2 MFC lucency on its yearling and 2-
year-old radiographs. This horse did not race due to a sesamoid fracture.

In the 14 non-starters that did not race because they were deemed too slow, 1 had a Grade 3 MFC
SCL as a yearling. However, the owner specifically mentioned that this cystic lesion had been monitored
during training and it had improved radiologically and never caused a clinical problem, although this was
not confirmed by the authors. The other 13 horses that did not start due to lack of ability all had Grade 0
MFCs.

Of the 84 non-starters with partial follow-up where the reason for not racing was unknown and the
223 non-starters with no follow-up information, 5 had a Grade 3 MFC SCL and 3 had a Grade 2 MFC SCL.
The overall distribution of MFC findings at the horse level in horses that raced compared to non-starters is
presented in Table 3.8.
TABLE 3.8. Comparison of the number of horses that raced versus the number of horses that did not start
at least one race by the end of their 4-year-old season, for each radiological grade of medial femoral condyle

subchondral lucency (MFC SCL) in Thoroughbred sales horses as yearlings, by most severe finding per
horse.

Yearling MFC grade Number of horses that Number of horses that did
raced not start a race

0 1909 357

1 149 22

2 41 4

3 20 6

Total 2119 389
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iii. Age at first race start

Of the 2119 yearlings that raced, the mean age at first start was 1006 days old, i.e. 2 years and 9

months (median 969 days, range 687-1725 days, lower quartile (Q1) 882 days, upper quartile (Q3) 1102

days). There was no significant difference in the average age at first start between horses with any grade of

MFC SCL (P = 0.3) (Table 3.9).

TABLE 3.9. Mean age at first race start in days old for horses with each radiological grade of medial femoral
condyle subchondral lucency (MFC SCL) at Thoroughbred sales as yearlings, by most severe finding per

horse, controlling for sex of the horse.

Yearling MFC Mean number of SE Confidence
grade days old at first start limits

0 1004 3.831 997-1012

1 1021 13.700 995-1048

2 981 26.116 930-1033
3 1056 37.400 982-1129

iv. Number of race starts

The horses that raced had an average of 12.3 starts by the end of the study period (median 11 starts,

range 1-49 starts, Q1 6, Q3 17). There was no significant difference in the average number of starts between

horses with any MFC grade (P = 0.1) (Table 3.10).

TABLE 3.10. Mean number of race starts to the end of the 4-year-old racing season for horses with each
radiological grade of medial femoral condyle subchondral lucency (MFC SCL) at Thoroughbred sales as
yearlings, by most severe finding per horse via negative binomial regression analysis controlling for horse

sex (colt/gelding, filly).

Yearling MFC Mean number of starts at SE Confidence

grade 2-4yo limits

0 12.28 0.194 11.91-12.67

1 11.31 0.645 10.12-12.65

2 14.90 1.584 12.10-18.35

3 11.71 1.818 8.64-15.87
v. Earnings

Median total earnings were $32,253 per horse (mean $69,445, range $0-$3,750,000, interquartile

range (IQR) $9,166-$73,535) for the 2119 horses that raced. Median earnings per start for the same horses

were $2,674 (mean $5856, range $0-$268,614, IQR $1,112-$5,901). There was no significant association
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with total earnings (P = 0.8), or earnings per start (P =0.9), for any MFC grade. Back-transformed estimates
and confidence intervals for average earnings and earnings per start are provided in Tables 3.11 and 3.12.

TABLE 3.11. Back-transformed mean total earnings in United States Dollars to the end of the 4-year-old
racing season for horses with each radiological grade of medial femoral condyle subchondral lucency (MFC
SCL) at Thoroughbred sales as yearlings, by most severe finding per horse via linear regression analysis
with log transformation and controlling for horse sex (colt/gelding, filly).

Yearling MFC Estimated average total ~ SE Confidence
grade earnings (USD) limits

0 $15,311 985 13497-17369
1 $11,935 2745 7602-18737
2 $16,679 7313 7059-39410
3 $13,513 8485 3944-46293

TABLE 3.12. Back-transformed mean total earnings per start in United States Dollars to the end of the 4-
year-old racing season for horses with each radiological grade of medial femoral condyle subchondral
lucency (MFC SCL) at Thoroughbred sales as yearlings, by most severe finding per horse.

Yearling MFC Estimated average earnings SE Confidence limits
grade per start (USD)

0 $1,803 90 1634-1989

1 $1,597 286 1124-2270

2 $1,566 535 801-3061

3 $1,665 815 638-4348

vi. Race caliber

The distribution of Career Best Starts for all 2119 horses that raced was as follows: 84% raced but
did not reach Listed or Group level. 4.8% had their highest start in a Listed race. 4.2% had their highest
start in a Group 3 race. 3.1% had their highest start in a Group 2 race. 4.3% started a Group 1 race. No
significant associations were found between any MFC grade and Career Best Start (P = (.5), nor Weighted
Listed and Group Starts (P = 0.1). For Class Performance Index, the median CPI in 1,996 horses for which
it was available was 0.70 (mean 1.47, range 0-88). There were no significant associations between CPI and

any MFC grade (P =0.3).
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vii. Racing performance for axial MFC lucencies

Of the 7 yearling sale horses with axial MFC lucencies, 6 started at least one race and all 6 placed,
including 4 who won at least one race. 5 first raced as 2-year-olds and 1 was exported as a 2-year-old then
subsequently raced. The age at first race ranged from 812-1003 days. The total number of starts ranged
from 6 — 21 races. Total earnings ranged from $6,330-$126,826 and earnings per start ranged from $1,055-
$14,092. 4 had available CPlIs, ranging from 0.23-3.42. Follow-up communication for the 1 horse with an
axial MFC lucency that did not race revealed that the filly was involved in a fatal accident during breaking
in.

viii. Racing performance for 2-year-old Grade 3 MFC SCLs

The above racing performance outcomes refer to yearling sales radiograph findings. The 5 horses
with Grade 3 MFC SCLs at 2-year-old sales all went on to start at least one race. Their average number of
starts was 15.2, average number of wins was 2.2, median earnings per start were $1717 (mean $2928) and

median total earnings were $36,064 (mean $35,442).

3.5 Discussion

This study has documented the prevalence of MFC SCLs in a convenience sample of yearling and
2-year-old Thoroughbreds presented for sale at public auctions. It is part of the largest sales radiology study
to date and the first time MFC SCLs have been studied longitudinally in horses presenting for sale at one
and two years of age.

This is the first study to sample from all repository radiographs using consignors’ permission for
enrolment and to subsequently analyse associations between radiological findings and racing performance.
Obtaining research consent for 74% of yearlings with repository radiographs and 78% of eligible 2-year-
olds exceeded expectations and reflected a strong desire within the Thoroughbred industry to add to the
evidence base regarding the significance or otherwise of MFC SCLs in sales horses. Previous sales studies
have sampled up to 47% of radiographs *°. The majority of previous sales radiology research has

retrospectively utilised sales radiographs acquired by a limited number of veterinary practices and thus a
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select sample of consignors *'*'*. The present study enrolled horses from 71 different yearling consignors
and 45 2-year-old consignors, thereby sampling a range of management practices and sales preparation
systems. Earlier studies did not all include the minimum three radiographic projections that are necessary
for MFC evaluation, which were included in this study **'>%,

The prevalence of MFC SCLs is similar to values reported in previous Thoroughbred sales
radiology work, bearing in mind differences in the classification of lucency size and appearance. Grade 3
MFC SCLs, i.e. large cystic lesions, are reported in 1.0% of yearlings and 1.1% of 2-year-olds, which is
consistent with previous reports of 0.86% ® to 1.7% > in yearlings and 0.84% in 2-year-olds ¢. Previously
reported prevalences of MFC SCLs most equivalent to the Grade 2 defined in this study range from 0.93%
%10 3.9% *in yearlings; Grade 2 MFC SCLs are reported here in 1.8% of yearlings and 3.2% of 2-year-olds.
MFC SCLs most equivalent to the Grade 1 defined in this study were previously reported in 6.4% > and
10.7% of yearlings *. The current results show Grade 1 MFC SCLs in 6.8% of sales yearlings and 6.9% of
sales 2-year-olds.

The right hindlimb predilection for Grade 2 and 3 MFC SCLs in both yearlings and 2-year-olds is
consistent with previous reports ****2'%2 This study shows approximately two-thirds of yearling Grade 2
and Grade 3 MFC SCLs were in the right stifle (65.5% and 66.7%, respectively). In 2-year-olds, closer to
80% of Grade 2 and 3 MFC SCLs were in the right stifle (82.4% and 80.0%, respectively). The reasons for
this predisposition are unknown, but it may be due to some form of low-grade stress to that particular joint
surface related to horses’ direction of movement.

Results show similar percentages of each grade of MFC SCL between colts or geldings and fillies,
both in yearlings and 2-year-olds, as reported previously '*. This study controlled for horse sex in all
regression analyses of racing performance because there are differences in racing performance and racing
opportunities between colts, fillies and geldings; whereby horses with breeding value are often retired
earlier than their gelding counterparts.

The sample of yearlings studied represents 10.9% of all registered North American foals born in

2015 and 36% of all yearlings sold at auction in North America in 2016. The prevalence of MFC findings
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refers to the sales population. The prevalence in the entire population is likely to be greater due to sales
selection pressure. This is supported by studies including both sale and non-sale yearling radiographs that
report a prevalence of 4.3-7.8% for MFC SCLs **'.

The grading scale used in this study was modified from previously published systems **%*. A
flattened radiological appearance of the MFC, both in terms of whether it is real and whether it is important,
has been debated. Projection angle, radiographic technique and hindlimb stance affect MFC shape on
resulting images '°. Flattening of the distal contour of the MFC was previously recorded in 52% of 1505
Thoroughbred sales yearlings *, suggesting a finding affecting approximately half the population is unlikely
to be pathological. A recent study considered MFC flattening without deeper sclerosis to be normal and did
not include it as an abnormality °. In the current study, flattening of the distal articular contour of the MFC,
in the absence of radiolucent subchondral change, was considered to be within normal limits (Grade 0). Of
800 Grade 0 yearling MFCs, 97% remained Grade 0 as 2-year-olds.

Education in application of the radiological grading system was important. Following a period of
training in the use of the grading scale, its application was shown to have excellent interobserver agreement
(Ka=0.94). Analysis demonstrated perfect agreement (4=1.00) in identifying Grade 0 MFCs and Grade 3
MFC SCLs and occasional differences in categorising Grade 1 and 2 MFC SCLs (k=0.57 and k=0.62,
respectively) 2*. Variation for Grades 1 and 2 may arise from the use of a 3mm depth threshold, where
borderline lucencies are classified according to an observer’s opinion of the overall appearance as either a
shallow, crescent-shaped or a moderate, dome-shaped lucency, in addition to the exact depth. Variability in
radiopacity or sclerosis surrounding SCLs was intentionally not included in this grading system °. The
image zoom function was used to increase measurement accuracy using DICOM viewing software tools.
Horses were all Thoroughbreds of similar age and size; as opposed to different breeds, or the inclusion of
foals or weanlings, where it becomes necessary to use a ratio of affected MFC distance rather than absolute
measurements °,

Lucencies located in the axial aspect of the MFC, adjacent to the medial intercondylar eminence of

the tibia, were categorised separately from SCLs in the central, weightbearing portion of the MFC because
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in the authors’ experience these have a different risk profile. These were referred to as lucencies rather than
cystic lesions because there tends not to be an obvious communication with the joint and the histological
features are unknown. Axial lucencies are reported to occur at an earlier age than central MFC lucencies
and their documented resolution in 8 of 8§ Thoroughbred foals by 12 months of age suggests that many may
resolve prior to yearling sales *. The current results support evidence that some do persist and present as
spherical or ovoid axial lucencies in yearlings and 2-year-olds . No new axial MFC lucencies developed
in 2-year-olds that were not already present at yearling age in the horses studied. None of the 7 affected
horses in this study had reduced racing performance because of an axial lucency. It is recognised that axial
lucencies within the femoral condyles can occur in association with proximal tibial SCLs **, but on their
own they do not appear to be a clinical concern.

The time period between North American yearling and 2-year-old sales ranges from 6-9 months.
Although numbers of pinhooked yearlings with Grade 2 and 3 MFC SCLs are small, the results document
evidence of a static or one grade improvement in 8 of 10 yearling Grade 2 MFC SCLs by 2-year-old sales,
and a one grade improvement in 2 of 3 yearling Grade 3 MFC SCLs. The study could not address whether
any yearlings with Grade 3 MFC SCLs may have had surgical intervention post-sale that contributed to
their ability to race .

There are two scenarios in which a horse intended for sale may be subject to negative selection
pressure for reasons related to MFC SCLs. The first is the onset of clinical lameness, either between birth
and yearling age, or during yearling or 2-year-old sale preparation. It is recommended practice that horses
intended for sale are withdrawn if they develop an overt lameness. Horses are assessed at the walk at
yearling sales, whereas 2-year-olds undergo a timed presale gallop after a minimum of 90 days of training.
Analgesic use could not be accounted for in this study.

The second scenario occurs after acquisition of screening or repository radiographs, when the
consignor receives a radiology report. Severe lesions that may affect sale value can result in withdrawal
from sale prior to submission of radiographs. The study results reflect the distribution of lesions only in

horses entered for sale and may underestimate the prevalence of severe lesions in non-sale Thoroughbreds.
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The associations with racing performance reported in this study should be applied to horses presented for
sale at auction and are not applicable to horses with clinical lameness at yearling or 2-year-old age attributed
to MFC lesions.

The number of yearlings with a Grade 3 MFC SCL is relatively small at 26 horses. However, this
equals the highest number of MFC cystic lesions studied previously *. The current results show that fewer
yearlings with Grade 3 SCLs go on to race, but in those that do race there is no evidence of worse
performance compared to unaffected peers. Despite not meeting the threshold for statistical significance,
there is a clinically relevant difference in that Grade 3 yearlings had a 78% probability of racing (20 of 26),
which was lower than the overall proportion of 85% yearlings that raced (2119 of 2508) and lower than the
84% probability of horses with a Grade 0 MFC SCL racing (1909 of 2266).

The goal of this research was to translate results into practical advice that veterinarians can give to
consignors and prospective purchasers. Veterinary advice must consider a client’s particular needs,
including his or her intentions for a given horse and personal level of risk tolerance, because individual
client’s needs will never be identical and nor will be the decisions different clients make based on certain
radiological findings. The veterinarian’s role is to accurately identify lesions and provide evidence-based
information as to the associated risk. The provision of objective data will increase consignors’ and
purchasers’ ability to make evidence-based decisions in sales horses. For example, if a prospective buyer
understands that the presence of a Grade 3 MFC SCL in a sales yearling increases the horse’s probability
of not making it to the races from 16% to 22%, i.e. froma 1 in 7 to a 1 in 5 chance of not racing, and it may
or may not need treatment to do so, it is then up to the client to decide the weight of importance that finding
carries for a given purchase.

Of arguably greater importance than the identification of severe lesions is the documentation of
common, mild findings that have no detrimental impact on racing performance and a low incidence of
progression. This applies strongly to the Grade 1 MFC SCL results. The least positive outcome of the
repository system is when minor radiological findings of no consequence to the horse result in failed sales,

or sale prices that do not reflect the horse’s value, when the horse may go on to perform exceptionally well.
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The intention of undertaking a large, sales-based study was to provide veterinarians with objective evidence
that frees them from being unnecessarily critical about certain radiological findings in young
Thoroughbreds.

The main limitations of this study arise from its use of convenience sampling of horses presented
for sale at public auction. Results are likely to underestimate the prevalence of severe, clinical MFC lesions
in the non-sale population. The study design could not address unknown losses between weanling screening
and yearling age, and between yearling and 2-year-old age in horses intended for resale. However, this also
ensures that the findings are specifically applicable in the repository environment to future populations of
horses that have made it to the sales. Some effects of sex may be missed by not analysing the performance
of entire males and geldings separately. Grouping the male subsets together was necessary due to gelding

occurring at a range of ages after commencement of racing.

3.6 Conclusions

Overall, MFC SCLs of varying grades were observed in 9.6% of Thoroughbred yearlings and of
11.2% of 2-year-olds. Shallow, crescent-shaped lucencies (Grade 1) were the most common type of MFC
SCL in both age groups. The majority of Grade 1 MFC SCLs seen in sales yearlings were no worse at 2-
year-old sale presentation; 19.4% of yearling Grade 1 MFC SCLs progressed to a Grade 2 deeper, dome-
shaped lucency by two years of age and the rest remained static or resolved. It was also possible for Grade
2 and 3 MFC SCLs to improve one grade in appearance between yearling and 2-year-old sales.

Although fewer sales yearlings with a Grade 3 MFC SCL made it to the races, no statistically
significant difference was found. If a sales yearling with a Grade 3 MFC SCL did race, there was no
evidence of worse racing performance compared to unaffected peers. All horses that presented at a 2-year-
old sale with a Grade 3 MFC SCL raced, though this sample size was small. Axial MFC lucencies did not

affect racing performance.
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CHAPTER 4 — RADIOLOGICAL FINDINGS IN THE PROXIMAL SESAMOID BONES OF
YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES: PREVALENCE,

PROGRESSION AND ASSOCIATIONS WITH RACING PERFORMANCE®

4.1 Summary

Radiological findings in the proximal sesamoid bones (sesamoids) are a persistent source of
controversy at Thoroughbred sales, due to inconsistent classification and conflicting assignment of potential
clinical importance.

This was a prospective cohort study using an enrolled sample. The objectives were to 1) define the
prevalence of sesamoid findings on sales repository radiographs in yearling and 2-year-old Thoroughbreds,
2) identify any associations between sesamoid findings and future racing performance and 3) monitor
changes in sesamoid findings between yearling and 2-year-old sales in horses that present for sale at both
ages.

Horses were enrolled from a 2016 yearling sale and five 2017 two-year-old sales with consignor
permission. Radiological findings relating to sesamoid vascular channel appearance, abaxial contour
changes and sesamoid fragments were examined. Associations between sesamoid findings and racing
performance from two to four years of age were examined using multivariate regression analyses. Clinical
follow-up was sought to ascertain why horses that did not race never started.

A total of 2508 yearlings and 436 two-year-olds were included for evaluation. Interobserver
agreement using the new grading system was substantial. Yearling findings associated with a significantly

reduced probability of starting a race were: Grade 3 vascular channels in forelimb sesamoids (0.52, P <

¢ Peat, F. J., Kawcak, C. E., Mcllwraith, C. W., Keenan, D. P, Berk, J. T., & Mork, D. S. (2024). Radiological
findings in the proximal sesamoid bones of yearling and 2-year-old Thoroughbred sales horses: Prevalence,
progression and  associations with racing performance. Equine Veterinary  Journal,
(Online). https://doi.org/https://doi.org/10.1111/evj.14051. Included with permission of journal Editor-In-
Chief.
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0.001, 95% Confidence Interval (CI) 0.37-0.67), abaxial new bone in forelimb sesamoids (0.62, P = 0.01,
95% CI 0.49-0.73), apical or abaxial fragments in forelimb sesamoids (0.55, P = 0.005, 95% CI 0.37-0.72).
For affected horses that did race, Grade 3 vascular channels in forelimb sesamoids were associated with
fewer race starts (9.9 starts, P = 0.03, 95% CI 8.0-12.2) and Grade 3 vascular channels in hindlimb
sesamoids were associated with a delayed start to racing careers (54 days, P=0.01, 95% CI 20-89). Abaxial
new bone in forelimb sesamoids was associated with a 54% reduction in total earnings (P = 0.003, 95% CI
24-72) and a 46% reduction in earnings per start (P = 0.002, 95% CI 21-64). Abaxial concavity occurred
predominantly in yearling medial forelimb sesamoids, had no impact on racing performance and mostly
resolved by two-year-old sale.

Grade 3 vascular channels, forelimb sesamoid abaxial new bone and forelimb sesamoid fragments
are important findings in sales repository radiology. The new scale assigns a numerical grade for vascular
channel appearance that matches the number of enlarged vascular channels evident in a given sesamoid.
Abaxial contour changes, when present in sesamoids that are Grade 0 for vascular channels, are noted
separately as either abaxial new bone or abaxial concavity. Fragments are also noted and interpreted

separately.

4.2 Introduction

Variability in the radiological appearance of bony canals or channels within the equine proximal
sesamoid bones (sesamoids) has been termed “sesamoiditis” '®!°. These channels carry branches of the
palmar or plantar digital arteries? and alterations in vascular channel number, size and shape are considered
possible indicators of pathological change to the bone itself or to the adjacent suspensory ligament branch
34335 Variable radiological grading schemes and the enhanced resolution afforded by digital radiography
have led to inconsistent interpretation of sesamoid findings on presale radiographs and their impact on
future racing success has been controversial '*'***% Previous research concluded that the appearance of
some radiological sesamoid changes in sales yearlings warranted further investigation if sufficient numbers

of affected yearlings could be studied 2.
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The aim of this study was to objectively evaluate the radiological appearance of the sesamoids in a
large number of sales yearlings and two-year-olds; to define the range and prevalence of sesamoid findings
on repository radiographs and to analyse associations with racing performance. In horses with paired sales
radiographs, the study was designed to track the changes in sesamoid findings between one and two years
of age in horses that presented for sale at both ages. The intention was to determine which sesamoid findings
should be regarded as an acceptable appearance at a given age in sales horses, and to determine which

sesamoid findings are associated with an evidence-based risk of reduced performance.

4.3 Methods
4.3.1 Study design

A prospective cohort study was conducted using an enrolled sample of yearling Thoroughbred
horses. Researchers sought consent for study inclusion from consignors of all horses at the 2016 Keeneland
September Yearling Sale in Kentucky and from the five major subsequent North American two-year-old
Thoroughbred sales in 2017: Fasig-Tipton Gulfstream, Fasig-Tipton Maryland, Ocala Breeders’ Sales
(OBS) March, OBS Spring and OBS June. Horses for which study consent was granted at the yearling sale
required new research consent from their respective two-year-old consignors to be eligible for two-year-old
sale radiograph inclusion. Enrolled horses’ radiographs were downloaded in DICOM format after the
completion of each sale for confidential evaluation. For any horse that presented at more than one two-year-
old sale, radiographs from the latest sale were used as this was considered the eventual point of two-year-
old sale. Veterinary letters containing mandatory presale surgery declarations were collected alongside
radiographs when present.
4.3.2 Radiological evaluation

Images evaluated consisted of four fetlock radiographs for each of four limbs per horse, acquired
as part of the sales repository protocol: dorsol5°-palmar/plantar (DP), dorsol5°medial30°-palmarolateral
oblique (DMPLO), dorsol5°lateral30°-palmaromedial oblique (DLPMO) and lateromedial (flexed or

standing LM) projections. The radiological appearance of each of the eight proximal sesamoid bones per
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horse was assigned one of six categories according to the definitions in Table 4.1. Example radiographs are

depicted in Figure 4.1 and Figure 4.2.

TABLE 4.1. Grading system for the radiological appearance of vascular channels and other abaxial border
changes in the proximal sesamoid bones. ‘Grade 2 can include one very enlarged vascular channel with a
width equivalent to the combined width of two enlarged vascular channels, i.e. > 4mm total width. *Grade
3 can include one or two very enlarged vascular channels with a total width equivalent to the combined
width of three enlarged vascular channels, i.e. > 6mm total enlarged channel width.

Radiological appearance of the Definition
proximal sesamoid bone

Grade 0 vascular channels and no | The sesamoid contains any number of vascular channels that are
abaxial contour change less than 2mm wide for at least two-thirds of their visible
length. The sesamoid also has no abaxial new bone or abaxial
margin concavity.

Grade 1 vascular channels One vascular channel that is > 2mm wide for more than one
third of its visible length. Any number of vascular channels
<2mm wide.

Grade 2 vascular channels Two vascular channels that are > 2mm wide for more than one
third of their visible length’. Any number of vascular channels
<2mm wide.

Grade 3 vascular channels Three or more vascular channels that are > 2mm wide for more
than one third of their visible length*. Any number of vascular
channels <2mm wide.

Abaxial new bone only New bone formation on the abaxial margin of the sesamoid, in
the absence of any enlarged vascular channels.
Abaxial margin concavity only A distinct radiolucent concave defect on the abaxial margin of

the sesamoid, in the absence of any enlarged vascular channels.

8

FIGURE 4.1. (A) Grade 0 vascular channel appearance: no enlarged vascular channels and no abaxial
contour change. (B) Grade 1 vascular channel appearance: one enlarged vascular channel. (C) Grade 2
vascular channel appearance: two enlarged vascular channels. (D) Grade 3 vascular channel appearance:
three or more enlarged vascular channels. The presence of enlarged vascular channels supersedes abaxial
new bone for grading purposes. (E) Abaxial new bone, in the absence of any enlarged vascular channels.
(F) Abaxial margin concavity, in the absence of any enlarged vascular channels.
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FIGURE
partial arthroscopic removal before sale.

Measurements for vascular channel grading were made on the respective oblique projection that
highlights a given sesamoid *%. The image zoom function was used to enable accurate placement of the
measurement tool on the edges of the channels. To be categorised as “abaxial margin concavity” or “abaxial
new bone” only, a sesamoid was required to have no enlarged vascular channels. Any sesamoid with
vascular channel enlargement as well as either a radiolucent concavity or new bone on the abaxial margin
was categorised based on the number of enlarged vascular channels.

Fragments involving the apical and abaxial margins of the proximal sesamoid bones were recorded
separately from the vascular channel and abaxial contour categories; i.e. sesamoid bones with fragmentation
were categorised based on the appearance of the vascular channels as for all other sesamoid bones, then an
additional record was made of the presence and size of any apical or abaxial fragment. Basilar fragments
were not recorded for the purposes of this study, thus any sesamoids with fragmentation of the basilar
margin were placed accordingly in one of the above six categories.

The majority of radiographs were read by two veterinarians with 18 and 10 years’ experience in
repository radiology, respectively. Prior to evaluating the study radiographs, all four involved veterinarians
underwent a period of observer training during which they discussed the grading system and applied group
consensus to a sample of images. Each observer then independently evaluated the same set of four
radiographs for each of forty sesamoids to test interobserver agreement. During evaluation of the study

images proper by individual observers, questionable findings were discussed and graded via consensus,
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which is consistent with the approach used in previous work and mirrors the collegial discussion that often
takes place in the repository setting '*.

Radiographs were viewed using DICOM viewing software OsiriX MD and Horos. Observers were
blinded to sale and race results during radiograph evaluation.
4.3.3 Racing performance

Racing performance data collection spanned until the end of the horses’ four-year-old racing
season. Racing data were provided by Equibase Company LLC *®. Racing performance was measured using
eight outcome variables that have been shown to be most common in assessing racing performance®’. Three
variables relating to race starts included whether the horse started at least one race by the end of their four-
year-old year'?, age at first start and total number of starts. Two variables relating to prizemoney included
total earnings and earnings per start (USD). International earnings were converted to USD using the
exchange rate on the date of racing. Three variables related to calibre of racing performance achieved
included best start, weighted Listed and Group race starts and Class Performance Index. Best start was a
binary outcome for whether a horse started at least one race at Listed or Group level. Weighted Listed and
Group race starts was a sum total of weighted starts, weighting each Listed race (1 point), Group 3 race (2
points), Group 2 race (3 points) and Group 1 race (4 points) respectively. Class Performance Index is a
lifetime ratio based on an individual horse’s average earnings per start divided by the average earnings per
start of all other horses of the same sex and birth year.
4.3.4 Non-starter follow-up information

Any horse that did not start at least one race was considered a non-starter. Follow-up information
for non-starters was sought via email and telephone communication with the connections of each horse,
using a flow-chart framework that was designed to obtain increasing levels of detail while minimising bias
(Appendix 3).
4.3.5 Data Analysis

Data analysis was performed via consultation with statisticians using the open-source statistical

software package R, version 4.0.2 by RStudio with packages irr’®.

48



Total US foal crop for the year and number of yearlings sold at auction were obtained from the
Jockey Club Information Systems, Inc. *°. The percentages of the annual foal crop that were included in the
study as yearlings and as two-year-olds were calculated.

Agreement between all pairs of observers classifying sesamoid appearance into the six different
categories was assessed using Cohen’s unweighted kappa, reported as a group range and mean***'. To
differentiate between ordinal grades (number of enlarged vascular channels 0-3, where any with abaxial
new bone only or abaxial resorption were classed as 0 for vascular channel appearance) and nominal grades
(enlarged vascular channel absence/presence, abaxial new bone only or abaxial resorption only), separate
Krippendorff’s alpha analyses were run for the ordinal and nominal groupings respectively. This best
prepared the observers for consistent grading of images. Interobserver agreement was interpreted in
accordance with Landis & Koch (177), whereby a kappa statistic of 0.21-0.40 is considered “fair”
agreement, 0.41-0.60 is “moderate”, 0.61-0.80 is “substantial” and 0.81-1.00 is considered “almost perfect”
agreement.

Radiological findings were summarised using descriptive statistics with frequency distributions at
the sesamoid-level by age, by sex, by fore- and hindlimbs and by left and right side. Radiological findings
were summarised at the horse-level by age and by fore- and hindlimbs, using maximum grades per horse.
Changes between radiological findings in a given sesamoid at one and two years of age were examined
using descriptive statistics, including percentages and measures of uncertainty representing 95% confidence
intervals. The proportion of horses with sesamoids possessing more than one enlarged vascular channel at
yearling age compared to two years of age was analysed using McNemar’s Chi-squared test.

The relationships between radiological findings and each of the eight racing performance outcomes
described in Section 4.3.3 were analysed using multivariate generalised regression approaches. Binary
outcomes, started at least one race and best start were analysed using logistic regression; number of starts
was considered with negative binomial regression; and the remaining continuous outcomes were assessed
using standard linear regression. Analysis of the outcome “started at least one race” considered all horses,

the remaining outcomes considered only horses who started a race. Model diagnostics were performed and
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data transformations were used when necessary to satisfy model assumptions, e.g. normally distributed
errors. Days to first start was log transformed to resemble an accelerated failure time model. Earnings
related measures required log transformation, with all $0 earnings, and $0 earnings per start, set to $1. Class
Performance Index required log transformation with all CPI of zero set to 0.05, which is half the minimum
performance value of 0.1. Weighted Listed and Group starts required square root transformation.

To test associations between radiological findings and racing performance, horses were assigned a
maximum grade for each radiological variable, separately for forelimb and hindlimb sesamoids'. Thus
eight horse-level radiological findings were examined in each racing performance analysis: 1) maximum
forelimb sesamoid vascular channel grade, 2) forelimb sesamoid abaxial new bone (yes/no), 3) forelimb
sesamoid abaxial concavity (yes/no), 4) forelimb sesamoid fragment (yes/no), 5) maximum hindlimb
sesamoid vascular channel grade, 6) hindlimb sesamoid abaxial new bone, 7) hindlimb sesamoid abaxial
concavity and 8) hindlimb sesamoid fragment.

To build the final regression model, each racing performance outcome was first analysed in a
multivariable regression against each of the eight horse-level radiological sesamoid variables, always
controlling for horse sex as a fixed effect. Each radiological sesamoid variable was then “screened” against
that racing performance outcome using a likelihood ratio (logistic or negative binomial regression analyses)
or an F-test (linear regression analyses), with inclusion thresholds of P < 0.1 to reduce the rate of false
positives across our analysis. No other adjustments were made to p-values to account for a large number of
tests. All radiological sesamoid variables that passed screening were simultaneously included in a
multivariate regression analysis for that racing performance outcome. Radiological variables were retained
by backwards selection for the final model, using a threshold of P < 0.05 for statistical significance.

Coefficient estimates and 95% confidence intervals produced by regression analyses were “back
transformed” to provide estimates that pertained to the original scale of the racing performance data,

describing the average value of the outcome for each level of radiological sesamoid finding.
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4.4 Results
4.4.1 Study enrolment

Repository radiographs for 2508 yearlings were used (Appendix 4), which represented 10.9% of
the annual foal crop and 36.0% of the North American yearlings sold at auction in 2016 (Jockey Club
Information Systems Inc). The age of the study yearlings on the first day of the sale ranged from 458 to 614
days old, with a median of 535 days old. Repository radiographs for 436 two-year-olds were used
(Appendix 5), representing 19.7% of the two-year-olds sold at auction in North America in 2017.
4.4.2 Interobserver agreement

Overall agreement between observers for radiological sesamoid appearance had a mean unweighted
Cohen’s kappa of Ck=0.65 (group range 0.43-0.89). Krippendorft’s alpha for multiple observer agreement
in the ordinal categorisation of vascular channel appearance was Ka=0.79. Krippendorff’s alpha for
multiple observer agreement in categorisation of the nominally grouped data (enlarged vascular channel
absence/presence and abaxial contour change) was Ka=0.74.
4.4.3 Radiological vascular channel and abaxial contour findings

Table 4.2 presents the prevalence of the various grades of vascular channel appearance and abaxial
contour change in individual sesamoids, alongside summary counts of the most severe sesamoid grade per
horse. Table 4.3 shows the distribution of findings by sesamoid location, i.e. medial and lateral sesamoids
in forelimbs and hindlimbs. The frequency distribution of sesamoid findings was similar in males and
females and in left and right-sided limbs (data not shown).
4.4.4 Paired yearling and 2-year-old sales radiographs

Radiographs were available at both the yearling sale and a two-year-old sale for 422 horses. Results

are shown in Table 4.4. Significantly fewer horses had a Grade 2 or 3 sesamoid at a two-year-old sale
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TABLE 4.2. Distribution of sesamoid findings in all sales yearlings and two-year-olds, by individual sesamoid bones and at the horse-level by
maximum vascular channel grade per horse, where # represents individual proximal sesamoid bones and N represents individual horses. Percentages
are shown with uncertainty representing 95% confidence intervals.

Sesamoid Yearling sesamoids, n (%) Two-year-old sesamoids, = Maximum vascular channel =~ Maximum vascular channel

grade n (%) grade per yearling, N (%) grade per two-year-old, N
(%)

Grade 0 15,777 (78.620.6%) 2,987 (85.6£1.2%) 948 (37.8£1.9%) 200 (45.944.7%)

vascular

channels

Grade 1 2,887 (14.4+0.5%) 339 (9.7+1.0%) 1047 (41.7£1.9%) 179 (41.1+4.6%)

vascular

channels

Grade 2 678 (3.410.3%) 54 (1.520.4%) 391 (15.6%1.4%) 45 (10.3£2.9%)

vascular

channels

Grade 3 156 (0.840.1%) 14 (0.4+0.2%) 122 (4.940.8%) 12 (2.8%£1.5%)

vascular

channels

Abaxial new | 314 (1.6£0.2%) 72 (2.1£0.5%) - -

bone only

Abaxial 252 (1.3+0.2%) 22 (0.620.3%) - -

concavity

only

Total 20,064 (100%) 3,488 (100%) 2,508 (100%) 436 (100%)
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TABLE 4.3. Distribution of sesamoid findings by medial and lateral location in sales yearling and two-year-old fore- and hindlimbs, where N
represents individual sesamoids and the percentages shown are the medial vs lateral distribution for each grade, then the proportion of all findings
in each grade. Percentages are shown with uncertainty representing 95% confidence intervals.

Sesamoid appearance Yearling forelimb sesamoids,

N (% medial vs lateral)

Two-year-old forelimb sesamoids,
N (% medial vs lateral)

Medial Lateral Total Medial Lateral Total
Grade 0 3630 4129 7759 711 798 1509
(46.8%1.1%) (53.2£1.1%) (77.310.8%) (47.1£2.5%) (52.9£2.5%) (86.5£1.6%)
Grade 1 824 612 1436 (14.3£0.7%) 102 43 145
(57.4£2.6%) (42.612.6%) (70.3£7.4%) (29.7£7.4%) (8.3£1.3%)
Grade 2 202 113 315 18 8 26
(64.1+2.3%) (35.9+2.3%) (3.1£0.3%) (69.2£17.7%) (30.8+£17.7%) (1.5£0.6%)
Grade 3 44 31 75 5 4 9
(58.7£11.1%) (41.3£11.1%) (0.7£0.2%) (55.6132.5%) (44.4432.5%) (0.5£0.3%)
Abaxial new bone only 101 98 199 18 16 34
(50.8+6.9%) (49.31£6.9%) (2.0£0.3%) (52.9£16.8%) (47.1£16.8%) (1.940.6%)
Abaxial concavity only 215 33 248 18 3 21
(86.7+4.2%) (13.3+4.2%) (2.510.3%) (85.7£15.0%) (14.3£15.0%) (1.240.5%)
Total 5016 5016 10,032 872 872 1744
Yearling hindlimb sesamoids Two-year-old hindlimb sesamoids

Medial Lateral Total Medial Lateral Total
Grade 0 3851 4167 8018 701 777 1478
(48.0£1.1%) (52.0£1.1%) (79.9+0.8%) (47.4£2.5%) (52.612.5%) (84.7£1.7%)
Grade 1 851 600 1451 120 74 194
(58.7£2.5%) (41.4£2.5%) (14.5+0.7%) (61.946.8%) (38.1£6.8%) (11.1£1.5%)
Grade 2 208 155 363 20 8 28
(57.3£5.1%) (42.7£5.1%) (3.610.4%) (71.4£16.7%) (28.6%16.7%) (1.620.6%)
Grade 3 48 33 81 4 1 5
(59.3£10.7%) (40.7£10.7%) (0.8+£0.2%) (80.0% CI 44.9- (20.0% CI 0- (0.31£0.3%)

100%) 55.1%)

Abaxial new bone only 56 59 115 26 12 38
(48.7£9.1%) (51.3£9.1%) 1.1+0.2%) (68.4+14.8%) (31.6+14.8%) (2.240.7%)
Abaxial concavity only 2 2 4 1 0 1
(50.0£49.0%) (50.0+49.0%) (0.0£0.0%) (100£0.0%) (0.0+0.0%) (0.1£0.1%)
Total 5016 5016 10,032 872 872 1744
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TABLE 4.4. Distribution of sesamoid grades per individual sesamoid in two-year-old horses (columns), relative to each sesamoid’s respective grade
at yearling age (rows), for 422 horses with paired yearling and two-year-old sales radiographs. Shaded values represent grades that did not change
between sales.tEnlarged vascular channel(s) have resolved in order for abaxial contour change to be the recorded finding.

Sesamoid grade at
yearling sale

Sesamoid grade at two-year-old sale, N (%)

Grade 0

Grade 1

Grade 2

Grade 3
Abaxial new bone
only

Abaxial concavity
only

Total sesamoids

Grade 0

2398
(91.3%1.1%)

376
(72.3+3.8%)

51
(48.6+9.6%)

6
(40.0+24.8%)

34
(58.6£12.7%)

33
(64.7£13.1%)

2898
(85.8+1.2%)

Grade 1

164
(6.2+0.9%)

113
(21.743.5%)

37
(35.249.1%)

1
(6.7% CI 0.0-
19.3%)

5

(8.6+7.2%)

4
(7.8+7.3%)

324
(9.6+1.0%)

Grade 2

15
(0.6+0.3%)

14
(2.7+1.4%)

11
(10.5+5.8%)

6
(40.0+24.8%)

3
(5.2% CI 0.0-
10.9%)

1

(2.0% CI 0.0-
5.8%)

50
(1.5+0.4%)

54

Grade 3

1
(0.0% CI 0.0-
0.1%)

3
(0.6% CI 0.0-
1.2%)

4
(3.843.7%)

2
(13.3% CI
0.0-30.5%)
0
(0.0£0.0%)

1
(2.0% CI 0.0-
5.8%)

11
(0.310.2%)

Abaxial new
bone only

42
(1.640.5%)

12
(2.3+1.3%)

2 T
(1.9% CI10.0-
4.5%)

0
(0.0+0.0%)

15
(25.9+11.3%)

0
(0.0+0.0%)

71
(2.140.5%)

Abaxial
concavity
only

7
(0.320.2%)

2 T
(0.4% CI10.0-
0.9%)

0%
(0.040.0%)

0
(0.0+0.0%)

1
(1.7% CI 0.0-
5.1%)

12
(23.5+11.6%)

2
(0.740.3%)

Total sesamoids
n=3376

2627
(100%)

520
(100%)

105
(100%)

15
(100%)

58
(100%)

51
(100%)

3376
(100%)
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2yo sale
Grade 2
vascular
channels
(n=19)

Yearling sale

Grade 2 vascular
channels (n=105)

2yo sale
Grade 3
vascular
channels
(n=2)

50.5%

2yo sale
Grade 0
vascular
channels
(n=53)

2yo sale

Grade 1 Grade 2
vascular vascular
channels channels

35,2% 19.5%
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FIGURE 4.3. Evolution of the vascular channel appearance in individual sesamoids, beginning with the grade present at yearling sales. Grade 0
includes sesamoids with no enlarged vascular channels that had abaxial contour change. N refers to individual proximal sesamoid bones from 422
horses with both yearling and 2-year-old sales radiographs.
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FIGURE 4.4. Evolution of the appearance of sesamoids that had new bone on the abaxial margin at yearling sales, in the absence of any enlarged
vascular channels. N refers to individual proximal sesamoid bones from 422 horses with both yearling and 2-year-old sales radiographs, of which
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FIGURE 4.5. Evolution of the appearance of sesamoids that had a distinct concavity in the abaxial margin at yearling sales, in the absence of any
enlarged vascular channels. N refers to individual proximal sesamoid bones from 422 horses with both yearling and 2-year-old sales radiographs,
of which there were 51 yearling sesamoids with abaxial margin concavity as the only finding.
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(12.3%) compared to the proportion from the same group of horses that had a Grade 2 or 3 sesamoid at the
yearling sale (18.0%), P=0.008. Of the horses that had a Grade 2 or 3 sesamoid on yearling sale radiographs
that presented for sale the following year, 69.7% had no sesamoids greater than Grade 1 on two-year-old
sale radiographs. 55.8% of the horses that had a Grade 2 or 3 sesamoid as two-year-olds had no sesamoids
greater than grade 1 as yearlings (Figures 4.3-4.5).

4.4.5 Apical and abaxial sesamoid fragments

Fragmentation of the apical and abaxial aspects of the sesamoids occurred in 80 of 2508 yearlings
with a total of 97 fragments, affecting 0.5% of all yearling sesamoids and 3.2% of yearlings. 81.3% of
affected yearlings had one sesamoid with a fragment (65/80), 17.5% had two sesamoids with fragments
(14/80) and one horse had fragmentation of four sesamoids. At the two-year-old sales, 23 fragments were
seen in 22 horses, involving 0.7% of two-year-old sesamoids and 5.0% of two-year-old horses.

Of the 97 yearling sesamoid fragments, 40.2% were in a forelimb and 59.8% were in a hindlimb
(39/97 and 58/97, respectively). By specific location, 27.8% were medial forelimb sesamoid fragments
(27/97), 12.4% were lateral forelimb (12/97), 29.9% were medial hindlimb (29/97) and 29.9% were lateral
hindlimb sesamoid fragments (29/97). Of the 23 two-year-old fragments, 30.4% were in a forelimb and
69.6% were in a hindlimb (7/23 and 16/23, respectively); 26.1% were medial forelimb (6/23), 4.3% were
lateral forelimb (1/23), 43.5% were medial hindlimb (10/23) and 26.1% were lateral hindlimb sesamoid
fragments (6/23).

The vascular channel appearance and other changes in abaxial contour for yearling sesamoids with
apical and abaxial fragments are shown in Table 4.5. Of the 80 yearlings with fragments, 40.0% had apical
fragments only and 55.0% had abaxial fragments only (n=32 and n=44, respectively), 2.5% had both apical
and abaxial fragments (n=2) and 2.5% had a record of arthroscopic sesamoid fragment removal from an
unspecified location (n=2). In the 25 yearlings with forelimb abaxial fragments, there were 31 individual
abaxial fragments; 77.4% medial and 22.6% lateral (n=24 and n=7, respectively) (Table 4.5).

Presale arthroscopic fragment removal was performed on 70.6% of yearlings with apical fragments

(24/34) and 8.7% of yearlings with abaxial fragments (4/46). Apical fragments were removed in their
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entirety in 83.3% of presale surgery cases (20/24). In 16.7% of affected yearlings a partial apical fragment
or mineralisation remained visible on yearling sales radiographs (4/24). No abaxial fragments were
removed in their entirety, with partial fragmentation or mineralisation visible radiographically in all 4
affected horses that had presale surgery.

TABLE 4.5. The radiological appearance of yearling sesamoids with fragments, in terms of the concomitant
presence or absence of enlarged vascular channels or abaxial contour change in addition to the fragment
finding. Numbers in the table refer to individual sesamoid bones and includes sesamoids for which the

fragment was surgically removed prior to sale.

Radiological appearance of Sesamoids with an apical Sesamoids with an abaxial

sesamoids with fragments fragment fragment
Grade 0 vascular channels 28 26

(73.7£14.0%) (46.4£13.1%)
Grade 1 vascular channels 3 8

(7.9% C1 0.0-16.4%) (14.31£9.2%)
Grade 2 vascular channels 2 9

(5.3% C1 0.0-12.4%) (16.1£9.6%)
Grade 3 vascular channels 2 10

(5.3% C1 0.0-12.4%) (17.9£10.0%)
Abaxial new bone only 3 2

(7.9% C1 0.0-16.4%) (3.6% CI1 0.0-8.4%)
Abaxial concavity only 0 1

(0.0+0.0%) (1.8% CI10.0-5.3%)
Total 38 56

(100%) (100%)

4.4.6 Associations with racing performance

i. Started at least one race

Of all sales yearlings studied, 2119 (84.5%, 95% CI 83.0-86.0%) started at least one race by the
end of their four-year-old year. Three variables relating to sesamoid appearance were retained in the
multivariate logistic model for starting at least one race. Likelihood ratio tests indicated that the grade of
vascular channel appearance in forelimb sesamoids (P=0.005), abaxial new bone in forelimb sesamoids
(P=0.015) and apical or abaxial fragments in forelimb sesamoids (P=0.002) were each related to the odds
of starting at least one race.

Table 4.6 describes the probability of racing based on levels of the radiological variables examined

in the multivariate analysis. The multivariate logistic model that accounted for radiological characteristics
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and horse sex estimated that horses with a Grade 3 forelimb sesamoid as a yearling had a 0.52 (95% CI
0.37-0.67) probability of starting a race (43/64 raced), which was significantly different compared to a 0.73
(95% CI 0.64-0.81) probability for horses with only Grade 0 forelimb sesamoid vascular channels
(1909/2266 raced) (P<0.001). Grade 1 (P=0.8) or Grade 2 (P=0.3) vascular channels in forelimb sesamoids
TABLE 4.6. The proportion of sales yearlings that raced for each level of radiological variable reported in
the multivariate logistic regression model. Displayed are the overall number of yearlings with a given
radiological finding, the percentage of those yearlings that raced, the back-transformed probability of racing

based on a logistic model controlling only for horse sex, and the multivariate regression model controlling
for the other selected radiological findings.

Total yearlings N (%) of Probability of racing ~ P-value
yearlings that (95% CI), from
raced multivariate model

Forelimb sesamoid maximum vascular channel grade

0 1417 1204 (85.0%) 0.73 (0.64-0.81) Reference level
1 803 687 (85.6%) 0.74 (0.65-0.81) 0.8

2 224 185 (82.6%) 0.69 (0.57-0.79) 0.3

3 64 43 (67.2%) 0.52 (0.37-0.67) <0.001

Forelimb sesamoid abaxial new bone

None 2351 1997 (84.9%) 0.73 (0.65-0.80) Reference level
Abaxial new 157 122 (77.7%) 0.62 (0.49-0.73) 0.01
bone only

Forelimb sesamoid fragments

None 2477 2100 (84.8%) 0.78 (0.74-0.82) Reference level
Apical or 31 19 (61.3%) 0.55(0.37-0.72) 0.005

abaxial

fragment

were not significantly associated with a different probability of racing compared to having only Grade 0
vascular channels. For abaxial new bone in the absence of enlarged vascular channels, yearlings with
affected forelimb sesamoids had on average a 0.62 (95% CI 0.49-0.73) probability of racing (122/157 raced)

compared to a 0.73 (95% CI 0.65-0.80) probability for yearlings without abaxial new bone alone on
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forelimb sesamoids (1997/2351 raced) (P=0.01). For apical or abaxial fragments in forelimb sesamoids,
including fragments that were surgically removed prior to sale, affected yearlings had on average a 0.55
(95% CI 0.37-0.72) probability of racing (19/31 raced), compared to a 0.78 (95% CI 0.74-0.82) racing
probability for yearlings without a forelimb sesamoid fragment (2100/2477 raced) (P=0.005). Table 4.7
provides the breakdown of racing starters for apical and abaxial fragment locations, by forelimb and
hindlimb. The table omits two horses with both apical and abaxial fragments and two horses with a surgical
record of fragment removal where the fragment location was unspecified and there was no radiological
indication of the fragment site.

TABLE 4.7. The proportion of sales yearlings with sesamoid fragments that started at least one race, by
fragment location within the sesamoid and by forelimb and hindlimb location. Counts represent

individual horses and include those in which fragments underwent arthroscopic removal prior to or after

the yearling sale.

Proportion of sales yearlings with sesamoid fragments that raced, by fragment location

Apical fragment Abaxial fragment
Forelimb sesamoid fragmentation 75.0% 60.0%

(3/4) (15/25)
Hindlimb sesamoid fragmentation 82.1% 68.4%

(23/28) (13/19)
Combined total for forelimb and hindlimb 81.3% 63.6%
sesamoids (26/32) (28/44)

ii. Follow-up of non-starters

Follow-up information was obtained for 42.7% of non-starters (166/389). For 50.6% of non-starters
followed (84/166), confirmation was given that the horse never raced but the reason for this was unknown,
or the horse was exported from the United States and the racing history was inaccessible. Follow-up
information was complete for 49.4% of non-starters followed (82/166). Of these, 80.5% failed to race for
reasons related to performance (66/82), 12.2% did not race due to fatal or near fatal accidents unrelated to
performance (10/82), 6.1% did not race due to medical events requiring euthanasia (5/82), and 1.2% were
purchased from the yearling sale for a non-racing discipline (1/82). Of the non-starters with a performance-
related reason for not racing: 68.2% did not race because of lameness (45/66), 21.2% were deemed to have

insufficient athletic talent (14/66), 4.5% had upper respiratory tract dysfunction (3/66), 1.5% did not start
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for behavioural reasons, 1.5% had severe exertional rhabdomyolysis, 1.5% had cervical vertebral
malformation and 1.5% had recurrent exercise-induced pulmonary haemorrhage (1/66 each).

In the horses where lameness was the reason for not racing, 17.8% had a clinical diagnosis
involving a sesamoid or suspensory ligament branch (8/45). Two of these horses sustained sesamoid
fractures in training; 1 fractured a forelimb sesamoid that had Grade 3 vascular channels as a yearling and
the other fractured a hind sesamoid that had a Grade 0 appearance as a yearling and two-year-old. The
yearling vascular channel appearance in the other 6 horses with lameness attributed to the sesamoid-
suspensory branch unit was Grade 0 in 2 horses, Grade 1 in 2 horses, Grade 2 in 1 horse and Grade 3 in 1
horse. In the non-starters that did not race because they were deemed too slow, the majority had only Grade
0 sesamoids (57.1%, 8/14), 21.4% had no worse than a Grade 1 sesamoid (3/14), 14.3% had Grade 2
sesamoids (2/14) and 7.1% had a Grade 3 sesamoid (1/14).

iii. Age at first race start

For horses that raced, the median age at first race start was 969 days old (interquartile range (IQR)
882-1102). Only hindlimb vascular channel grade met selection for multivariate regression analysis. The
presence of Grade 3 vascular channels in a hindlimb sesamoid was significantly associated with an older
age at first race start, 1047 days (95% CI 1004-1091) compared to 993 days (95% CI 984-1002) for Grade
0 (P=0.01). Thus, on average, yearlings with Grade 3 vascular channels in a hindlimb sesamoid raced 54
days later than unaffected horses (95% CI 20-89) (Table 4.8).

TABLE 4.8. Results from a multivariate log-linear regression model for age at first race start in days old by

maximum hindlimb vascular channel grade as yearlings, for 2119 sales Thoroughbreds that started at least
one race.

Hindlimb sesamoid Number of yearlings,  Age at first start in days old P-value
maximum vascular N (95% CI), from

channel grade multivariate model

0 1202 993 (984-1002) Reference level
1 670 994 (982-1006) 0.9

2 192 975 (953-997) 0.1

3 55 1047 (1004-1091) 0.01
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iv. Number of race starts

Horses that raced had a median of 11 starts by the end of the study period (IQR 6-17). Forelimb
vascular channel grade met selection for multivariate regression analysis of horses’ total number of race
starts. Compared to horses with Grade 0 forelimb sesamoids (12.7 starts, 95% CI 12.2-13.2), horses with
Grade 3 vascular channels in a forelimb sesamoid as yearlings started significantly fewer races in their
career to age five (9.9 starts, 95% CI 8.0-12.2, P=0.03) (Table 4.9).
TABLE 4.9. Results from a multivariate negative binomial regression model for mean number of race starts

from 2-4 years of age by maximum forelimb sesamoid vascular channel grade as yearlings, for 2119 sales
Thoroughbreds that started at least one race.

Forelimb sesamoid ~ Number of yearlings, N Mean number of race starts P-value
maximum vascular (95% CI), from multivariate
channel grade model
0 1204 12.7 (12.2-13.2) Reference level
1 687 11.9 (11.3-12.5) 0.05
2 185 11.6 (10.5-12.8) 0.1
3 43 9.9 (8.0-12.2) 0.03
v. Earnings

Median total individual earnings for horses that raced were $32,253 (IQR $9,166-$73,535). Median
earnings per start for the same horses were $2,674 (IQR $1,112-$5,901). The presence of abaxial new bone
on forelimb sesamoids was significantly associated with reduced total earnings and reduced earnings per
start. On average, total earnings for horses with forelimb abaxial new bone were $7,236 (95% CI $4,396-
11,910) compared to $15,734 (95% CI $13,914-17,793) for horses without (P=0.003). Earnings per start
were $992 (95% CI $673-1,462) for horses with abaxial new bone on forelimb sesamoids compared to
$1,845 (95% CI $1,677-2,031) for horses without (P=0.002). Therefore, the presence of forelimb sesamoid
abaxial new bone was associated with a 54% reduction in total earnings (95% CI 24-72) and a 46%
reduction in earnings per start (95% CI 21-64), compared to the average earnings of horses without this

finding.
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vi. Race caliber

None of the eight radiological variables were significantly associated with any measures used to
assess performance calibre. The average Class Performance Index for all horses that raced was 1.47 (median
0.70, IQR 0.33-1.47). Career Best Starts for all 2119 horses that raced included 1772 horses that raced but
did not reach Listed or Group level (83.6%), 101 horses that achieved a Listed start as their highest class of
race (4.8%), 89 horses that achieved a Group 3 start as their highest class of race (4.2%), 65 horses that
achieved a Group 2 start as their highest class of race (3.1%) and 92 horses that reached a Group 1 race
(4.3%). Weighted Listed and Group Starts data remained highly left skewed despite square root

transformation.

4.5 Discussion

This is the first time that the radiological appearance of sesamoids has been prospectively
investigated in a large number of sales yearlings and followed over the period during which sales horses
enter athletic training. The data has produced previously unavailable information on changes to radiological
findings from yearling to two-year-old sales, as well as associations with subsequent racing performance.
In addition, a refined sesamoid grading system has been established for use in sales horses. The results
enable some findings to be regarded as an acceptable appearance in sales repositories, particularly grade 1
vascular channels and abaxial sesamoid concavity. The results have also identified the findings that are
associated with an evidence-based risk of reduced performance, namely grade 3 vascular channels, abaxial
new bone and fragments in forelimb sesamoids.

Central to this study was the development of a robust grading scale for the radiological evaluation
of sesamoids. Interobserver agreement in the application of the new grading scale was substantial *,
representing a considerable improvement on previous sesamoid grading agreement *'. The grading system
used in the current study was designed to simplify categorisation to enable uniform grading by
veterinarians; to provide objectivity as to what constitutes an acceptably sized abaxial channel opening and

to accommodate extremely enlarged vascular channels in grading by total width. Previous work has evolved
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from simply counting the number of radiologically visible channels '°, to measuring channel width %,

13

considering non-parallel sides ", then allowing a conical-shaped opening at the abaxial margin of the

channel #. Visible sesamoid vascular channels occur in 93-98% of the yearling sales population '*%.
Therefore, categorising sesamoid appearance by the number of enlarged channels, rather than counting all
visible channels, improves the utility of a grading system for determining pathological significance because
it eliminates the inclusion of many normal sesamoids and refines the threshold for what is considered
abnormal. For simplicity, the new grades were numbered to correspond with the number of enlarged
channels. Importantly, sesamoids with only one enlarged channel (grade 1) were analysed separately from
sesamoids with multiple enlarged channels for the first time.

Nearly 20% of yearling sesamoids in the current study were found to have one or more enlarged
vascular channels (grades 1-3). This is similar to the prevalence found in a sample of 291 sales yearlings
that subsequently entered a single Florida training centre, where 18% of sesamoids had one or more
enlarged vascular channels using a modified Spike-Pierce (2003) grading scale ». Over 95% of yearlings
with a maximum of grade 0 and grade 1 vascular channels, that subsequently presented at a two-year-old
sale, either remained unchanged or improved in vascular channel appearance. This included resolution of
75% of yearling grade 1 vascular channels. The withdrawal of two-year-olds intended for resale if they
developed worsening sesamoid change could not be accounted for. However, whilst this potential bias
exists, the results still present evidence that vascular channel grade improvement is possible, even when
faced with the onset of athletic training between yearling and two-year-old sales. Furthermore in the current
study, yearlings with a maximum of one enlarged vascular channel (grade 1) on their worst sesamoid had
no evidence of reduced racing performance by any outcome measure, nor did yearlings with grade 2
vascular channels. Only grade 3, the most severe grade of vascular channel appearance, was negatively
associated with racing performance. Grade 3 vascular channels were present in 5% of yearlings and when
this occurred in a forelimb sesamoid horses were significantly less likely to race. Affected horses that did
race did so fewer times than their unaffected peers. When the grade 3 sesamoid was in a hindlimb, horses

were no less likely to race but had, on average, a 54-day delayed start to their racing careers. In contrast to
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previous research, in which 10 sales yearlings had a grade 3 equivalent sesamoid and were shown to start
fewer races and earn less prizemoney, no significant evidence of reduced earnings was found in the current
study for affected horses that did race *. An 11-fold increase in the number of affected horses studied this
time may explain this difference.

Forelimb sesamoids without any enlarged vascular channels but with abaxial new bone production
were associated with significantly reduced total earnings and earnings per start in this study. Productive
bony changes on the abaxial surface of the sesamoid may represent entheseophyte formation of importance
to the suspensory ligament branch **. Most commonly in this study, abaxial new bone was either present on
its own or concurrently with grade 3 vascular channels. The grading system was intentionally designed to
address the question of whether abaxial new bone is significant when it occurs in the absence of enlarged
vascular channels. Previously, Kane et a/ (2003) found reduced odds of racing for 14 sales yearlings with
entheseophyte formation on forelimb sesamoids and fewer placings and lower earnings for those with
entheseophyte formation on hindlimb sesamoids. However, this included both abaxial and basilar new bone,
the latter associated with distal sesamoidean ligament attachments, and appears to have included healed
fragments. In contrast, Spike-Pierce et a/ (2003) found that abaxial border bone proliferation, in the absence
of vascular channel changes, did not affect number of race starts or prizemoney earned, thereby concluding
that an insult causing productive bony change, but of a magnitude insufficient to create changes in the
sesamoid vasculature, was not detrimental to future performance. The results of the present study refute
this and suggest that abaxial new bone in isolation should not be dismissed when it is seen on forelimb
sesamoids.

Altering the contour of the sesamoid border in an opposite manner, abaxial concavity was almost
exclusively a forelimb sesamoid finding in this study. It was predominantly seen in yearlings and the vast
majority of affected sesamoids were medial. By two years of age, the prevalence of this finding had greatly
reduced and less than 1% of two-year-old sesamoids were affected. Paired sales radiographs demonstrated
that over 65% of abaxial concavities resolved completely by two-year-old sales. When abaxial concavity

remained visible in two-year-olds, invariably it was subjectively shallower. No abaxial concavity developed
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in two-year-olds that did not have the finding as a yearling. The was no evidence of a significant difference
in racing performance for yearlings that had sesamoid abaxial concavity, by any outcome measure,
compared to unaffected horses. This corroborates the opinion of Spike-Pierce and Bramlage that abaxial
concavity likely resolves and is innocuous **. Although at times dramatic in appearance, this finding usually
improves radiologically with age, is not detrimental to performance and should not be considered
“sesamoiditis”.

Results of this study show that grade 3 vascular channels, abaxial new bone, and apical or abaxial
fragments reduced the likelihood of racing when present in forelimb sesamoids, whereas grade 3 vascular
channels only delayed the start of racing when present in hindlimb sesamoids. Originally, O’Brien et a/
(1971) speculated that the increased musculoskeletal load on forelimbs may mean that forelimb sesamoid
changes have a greater effect on performance than hindlimb changes. This new evidence supports that
assumption. Until now, the importance of forelimb versus hindlimb location with respect to some sesamoid
findings could not be determined or was not supported, in part due to sample size '>?2. The importance of
sesamoid location has only previously been established for fragment prognosis ***’. Forelimb sesamoid
fragments were predominantly abaxial in this study, whereas the majority of hind sesamoid fragments were
apical. The association of forelimb fragments with a reduced likelihood of racing was irrespective of
surgical fragment removal pre- or post-sale, though it is worth noting that most of the removed fragments
were apical and therefore were from hindlimb sesamoids. Enlarged vascular channels occurred alongside
abaxial fragmentation more commonly than alongside apical fragmentation and, although the analysis did
not test abaxial and apical fragments separately, forelimb fragments significantly reduced the likelihood of
racing even when accounting for the increased presence of grade 3 vascular channels alongside abaxial
fragments, as both were retained in the model. In the work of Kane et a/ (2003), a low percentage of
yearlings with apical or abaxial forelimb fragments raced but, with only 5 affected horses, statistical
significance was not obtained. This warranted further investigation if a larger number of horses could be
studied '2, which has now occurred. Previous studies involving sesamoids consisted of: 1127 yearlings in a

7% sample across four years of sales '*'°, 487 yearlings from four years of sales ** and a select cohort of
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291 sales yearlings **. The inclusion of 2508 yearlings in the present study represented a 66% sample of all
yearlings at one sale that had radiographs.

The population studied was specific to Thoroughbred yearlings and two-year-olds with radiographs
submitted for sale at public auction and were horses deemed clinically fit for presentation at sales. Had the
study design been able to include horses that were excluded prior to sale because of adverse radiological
findings or clinical lesions, a greater severity of pathologic change would likely have been seen and perhaps
higher numbers of grade 3 sesamoids included. Consequently, more horses may have failed to race or
perform well, thus associations with some performance outcomes may have been stronger. For the minor
radiological findings that do not influence whether or not a horse is entered for sale, the strength of the
performance associations should approximate those of the non-sale population. Care should be taken when
interpreting the evidence linked to paired yearling and two-year-old sale radiographs, as this process will
underestimate the proportion of findings in the whole population that worsen enough to be excluded from
resale. Due to the specific population studied, application of the results is most appropriate in the
Thoroughbred sales repository environment. However, the grading scale was developed for universal use
in the evaluation of equine proximal sesamoid bones. Radiological evaluation was limited to the standard
projections stipulated in sales repository protocol and these views identify the most common findings in
young Thoroughbreds but occasional lesions require non-standard views for clarification. The period of
observer training proved valuable and would be a useful training tool in practice to improve consistency

between veterinarians involved in sales radiology.

4.6 Conclusions

Thoroughbred sales yearlings were significantly less likely to race if they had grade 3 vascular
channels in forelimb sesamoids, abaxial new bone on forelimb sesamoids, or apical or abaxial fragments
off forelimb sesamoids. Among horses that did race, those with forelimb grade 3 vascular channels had
fewer starts, those with hindlimb grade 3 vascular channels had a delayed start to their racing careers, and

those with abaxial new bone on forelimb sesamoids had lower total earnings and earnings per start. There
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was no evidence of reduced performance associated with grade 1 or grade 2 vascular channels, or abaxial
sesamoid concavity. Given the ambiguity surrounding the term “‘sesamoiditis”, adopting the use of a
vascular channel grade and an abaxial contour descriptor instead will provide a means of reducing the

controversy that affects the interpretation of sesamoid findings in young Thoroughbreds.
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CHAPTER 5 — ULTRASONOGRAPHY OF THE SUSPENSORY LIGAMENT BRANCHES IN
YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES: PREVALENCE,

PROGRESSION OF FINDINGS AND ASSOCIATIONS WITH RACING PERFORMANCE*

5.1 Summary

Ultrasonography of the equine suspensory ligament branches is becoming increasingly
commonplace presale, as consignors and prospective purchasers seek to gather more information on which
to base their sale and management decisions. However, the ultrasonographic appearance of the suspensory
ligament branches has never been studied at Thoroughbred sales. There is also no published reference data
for suspensory branch size in young Thoroughbreds.

This was a prospective cohort study using an enrolled sample. The objectives were to 1) define the
prevalence of ultrasonographical findings in the forelimb suspensory ligament branches of yearling and 2-
year-old sales Thoroughbreds, 2) identify any associations between suspensory branch findings and future
racing performance and 3) monitor changes in suspensory branch findings between yearling and 2-year-old
sales in horses that present for sale at both ages.

Horses were enrolled from a 2016 yearling sale and five 2017 2-year-old sales with consignor
permission. Ultrasonography was performed immediately prior to the sales. Ultrasonographic findings
relating to suspensory ligament branch (branch) size, fibrillar pattern, the presence of hyperechoic foci,
periligamentar tissue thickness and the adjacent proximal sesamoid bone surface were examined.
Associations with racing performance from 2 to 4 years of age were investigated using multivariate

regression analyses. Clinical follow-up was sought to ascertain why horses that did not race never started.

dPeat, F. J., Kawcak, C. E., Mcllwraith, C. W., Berk, J. T., Keenan, D. P., Selberg, K. T. & Ojeda, A. (2024).
Ultrasonography of the suspensory ligament branches in yearling and 2-year-old Thoroughbred sales
horses: Prevalence, progression of findings and associations with racing performance. Equine Veterinary
Journal, (In Press). Included with permission of journal Editor-In-Chief.
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A total of 593 sales yearlings and 367 2-year-olds had forelimb branch ultrasonography performed.
Grade >2 fibrillar branch change was present in 8.9% of yearlings and 14.4% of 2-year-olds. A 0.25cm
increase in branch width was associated with a 49-day delayed start to racing careers (P<0.001, 95%
Confidence Interval (CI): 21 — 77 days). The presence of Grade 2 hyperechoic foci was associated with
significantly lower total earnings (P=0.01, 95% CI: $2,000-$16,022) and lower earnings per start (P=0.003,
95% CI: $349-$1,718) in United States Dollars. Grade 3 fibrillar branch change had clinically important
reductions in the probability of racing, calibre of racing performance and earnings. Grade 1 fibrillar pattern
was associated with significantly higher earnings per start (P=0.004, 95% CI: $2,641-$5,759).

The findings are applicable to horses prepared for public auction and deemed fit to be entered for
sale. The results may underestimate the proportion of severe lesions in horses not entered for sale.

Reference values specific to young Thoroughbreds have been established. Grade 1 fibrillar
suspensory branch change should be regarded as an acceptable appearance in sales yearlings and 2-year-
olds. Approximately one third of Grade 2 yearling branches progressed to a Grade 3 lesion. Evidence of
enlarged branch width and Grade 2 hyperechoic foci at 2-year-old sales constitute a risk to racing

performance.

5.2 Introduction

Ultrasonographic changes in the branches of the equine suspensory ligament are a potential concern
in young Thoroughbred horses sold at auction. The suspensory ligament bifurcates in the distal metacarpal
and metatarsal regions, giving rise to medial and lateral branches that insert onto the abaxial aspect of the
proximal sesamoid bones (sesamoids) '°. Because of the anatomical relationship between the two structures,
insertional suspensory branch desmopathy has been implicated in horses with radiological sesamoid
changes **. Ultrasonography of the suspensory branches is becoming increasingly commonplace at sales,
as consignors and prospective purchasers sensitised to the issue of “sesamoiditis” seek to gather more

information on which to base their sale decisions.
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To date, the ultrasonographic appearance of the suspensory ligament branches at yearling and 2-
year-old sales has not been studied and the future impact of subclinical branch changes in sales
Thoroughbreds is unknown. Clinical suspensory branch injury occurring prior to the start of the 2-year-old
racing season and the effect it has on future performance has been studied ****. However, low numbers of
severe branch lesions precluded further analysis of this group and larger studies were called for. Mild or
low-grade ultrasonographic branch findings do not necessarily correspond to clinical injury and have been
shown to exist in a proportion of clinically normal racehorses, thus it has been cautioned that mild changes
should not be overinterpreted until studied further **. Additionally, the absence of published reference
data for suspensory branch size in young Thoroughbreds has been noted **.

The aim of this study was to objectively evaluate the ultrasonographic appearance of the suspensory
branches in a large number of sales Thoroughbreds; to define the range and prevalence of suspensory branch
findings at sales and to analyse associations with racing performance. In horses presented for sale at both
yearling and 2-year-old age, the study aimed to follow ultrasonographic findings between sales to observe
the frequency of improvement or worsening of findings. Lastly, the intention was to provide an evidence-
based determination of which ultrasonographic findings in sales horses should be regarded as acceptable

appearance and which findings constitute a risk to future performance.

5.3 Methods
5.3.1 Study design

A prospective cohort study commenced at the 2016 Keeneland September Thoroughbred Yearling
Sale in Kentucky, USA. Permission to perform ultrasonography was requested in writing from all
consignors presenting yearlings at the sale; accompanied by a letter providing information about the
purpose of the radiology and ultrasonography studies being undertaken by a research group, with

permission from the sales company ***°

. The consent form gave consignors the option to allow
ultrasonography of horses in their sales draft and a separate option to allow access to repository radiographs;

consignors could choose one or both options and were under no obligation to choose either. The same was
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asked of subsequent consignors of study horses that were catalogued for sale again at the five major North
American 2017 2-year-old sales: Fasig-Tipton Gulfstream, Ocala Breeders’ Sales (OBS) March, OBS
Spring, Fasig-Tipton Maryland and OBS June. Research ultrasonography was performed by a group of
equine veterinarians experienced in ultrasonography including the first author. Images were acquired within
a 14-day window prior to the first day of sale. For yearlings, this took place on-farm prior to arrival at the
sales grounds. For 2-year-olds, this occurred prior to the timed workout (breeze); either at the sales grounds
for out-of-state horses, or at Florida training stables for local consignors. Images were stored for
confidential post-sale evaluation and no findings were discussed during image acquisition.
5.3.2 Ultrasonographic technique

A standardised protocol was followed to obtain images of the medial and lateral suspensory
branches of the left and right forelimbs on each horse. Limb preparation involved cleaning with isopropyl
alcohol and the application of coupling gel. Hair was not clipped and an acoustic standoff pad was not used.
Linear transducer frequency, depth, grey map and focal zone settings were optimised to achieve the highest
quality diagnostic image for each ultrasound machine. Horses were positioned with body weight evenly
distributed in a square stance. Intravenous sedation was only used when necessary, with consignor
permission. The entirety of each suspensory branch was scanned from proximal to distal and dorsal to
palmar. Images saved for each branch included: a minimum three-second cine loop of the distal third of
each branch in transverse orientation, side-by-side transverse and longitudinal still images of the insertion
of each branch onto the proximal sesamoid bone, clearly showing the bone contour, with the ultrasound
beam perpendicular to the sagittal plane of the limb, a second set of side-by-side transverse and longitudinal
images were obtained for the palmar aspect of the branch insertion, with the transducer positioned on the
palmarolateral or palmaromedial aspect of the limb and directed dorsad at an approximately forty-five
degree angle to the sagittal plane. In addition, if a suspected abnormality or artefact was detected during
scanning, a dynamic cine loop of the region of fibres in question and representative still images were saved.

In accordance with previous work, only insertional images were graded *, as it has been shown that the
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majority of abnormalities occur in the distal third of the branch and insertional desmopathy was the focus
of this study 2,
5.3.3 Image evaluation

All ultrasound images were evaluated by one observer with ten years’ experience in sales radiology
and board-certified in equine veterinary sports medicine (FP), after consensus grading of the first 100
branches alongside a board-certified veterinary radiologist (KS) *'. Previously reported measures of
interobserver agreement using similar grading systems were moderate to substantial ?***. Multiple operators
were necessary to perform ultrasonography within the short presale window and the subsequent use of a
single observer to grade and measure images was intentional, as recommended for serial ultrasound
investigations *°. The overall ultrasonographic appearance of each branch was evaluated to assess fibrillar
pattern, echogenicity, branch size, presence of hyperechoic foci, periligamentar tissue thickening and
proximal sesamoid bone contour at the branch insertion. Each branch was assigned grades for fibrillar
pattern (graded 0-3), hyperechoic foci (0-2) and sesamoid bone surface (0-1) as per Table 5.1, adapted from
previous studies ****2!. Examples of the ultrasonographic appearance of each grade are shown in Figures
5.1-5.3. Findings per suspensory branch also consisted of three measured variables: insertional branch
cross-sectional area (CSA, cm?2), branch width (cm) and periligamentar tissue thickness (PLT, cm); and
three calculated values: PLT as a percentage of branch width, percent difference in CSA between left and
right lateral branches and percent difference in CSA between left and right medial branches (Avella 2009).
Measured variables were acquired in transverse orientation at the insertional level at which the sesamoid
bone first appears, as depicted in Ramzan et a/’s Figure 2 %, and the mean of three measurements was used.
CSA measurements traced the visible perimeter of the branch and width was the linear thickness of the
branch in the lateromedial dimension at the insertion. PLT was defined as the depth of subcutaneous
echogenic material and was measured as the linear distance from the dermis to the palmar margin of the
branch. The location of any fibrillar disruption within each branch was recorded using an appropriate
combination of any of the following variables: dorsal/palmar/axial/central/abaxial. Images were viewed

using open source DICOM software (Horos, version 3.3.6). Measurements made on DICOM images were
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calibrated using the Horos calibration tool with the image’s depth gauge prior to measurement.
Measurements made on transverse still images from cine loops were calibrated using scientific image

processing software (Imagel/Fiji, version 2.1.0).
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TABLE 5.1. Grading system for the ultrasonographic appearance of the suspensory ligament branches and the adjacent aspect of the proximal

sesamoid bone in the forelimbs of yearling and 2-year-old Thoroughbred sales horses. Adapted from previously published work 2%

GRADE DEFINITION

Fibrillar Pattern

0 Homogenous echogenicity and uninterrupted fibrillar pattern

1 Regions of mild hypoechogenicity and/or small areas of subtly irregular fibrillar pattern

2 Regions of moderate hypoechogenicity and/or focal areas of mild-moderately disrupted fibrillar
pattern

3 Regions of severe hypoechogenicity/anechoic areas and/or extensive fibrillar disruption, large
core lesions

Hyperechoic Foci

0 No hyperechoic foci visible within the ligament

1 Mild to moderately hyperechoic areas within the ligament that do not cause acoustic shadowing
i.e., small, non-shadowing flecks or linear hyperechoic areas running parallel with the ligament
fibres

2 Dystrophic mineralisation or fragment

i.e., a defined hyperechoic focus within the ligament that inhibits acoustic passage, producing
acoustic shadowing

Sesamoid Bone Surface

0

Normal smooth surface of the proximal sesamoid bone at the level of the suspensory ligament
branch insertion

Ultrasonographic evidence of bone irregularity or disruption/loss of the normal smooth surface
of the proximal sesamoid bone at the suspensory insertion
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(©)

(D)

Figure 5.1. Examples of the grades used in this study for the ultrasonographic appearance of the fibrillar
pattern in the insertional region of the equine suspensory ligament branch. (A) Grade 0 fibrillar pattern:
homogenous echogenicity and uninterrupted fibrillar pattern. (B) Grade 1 fibrillar pattern: Regions of mild
hypoechogenicity and/or small areas of subtly irregular fibrillar pattern, seen here as an indistinct
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hypoechoic region in the abaxial portion of the branch (arrows). (C) Grade 2 fibrillar pattern: Regions of
moderate hypoechogenicity and/or focal areas of mild-moderately disrupted fibrillar pattern (arrows). (D)
Grade 3 fibrillar pattern: Regions of severe hypoechogenicity/anechoic areas and/or extensive fibrillar
disruption, large core lesions (arrows).

(B)

Figure 5.2. Examples of the grades used in this study for the ultrasonographic appearance of hyperechoic
foci seen in the insertional region of the equine suspensory ligament branch. (A) Grade 1 hyperechoic foci:
Mild to moderately hyperechoic areas within the ligament that do not cause acoustic shadowing, i.e., small,
non-shadowing flecks or linear hyperechoic areas running parallel with the ligament fibres (arrows). (B)
Grade 2 hyperechoic foci: Defined hyperechoic foci within the ligament with acoustic shadowing, seen here
in the palmar aspect of the branch insertion (arrows).

(A)
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(B)

Figure 5.3. (A) Grade 1 sesamoid bone surface: Ultrasonographic evidence of bone irregularity or
disruption to the proximal sesamoid bone surface at the insertion of the equine suspensory ligament branch
(arrows). (B) Severe bone disruption evident at the palmar aspect of the branch insertion (arrows).

5.3.4 Racing performance

Racing performance data from age two until the end of the four-year-old racing season, spanning 1
January 2017 to 31 December, 2019, was obtained from Equibase Company LLC as previously described
for this body of Thoroughbred sales research **°. Relevant information for horses that did not start a race
was obtained through communication with the horse’s connections, as previously described **. Eight racing
performance outcome measures were used, beginning with whether the horse started at least one race by
the end of their four-year-old year. For horses that raced, additional performance measures were: age in
days old at first start, total number of starts, total earnings, earnings per start, class of best start, weighted
Listed and Group starts and Class Performance Index. Earnings were recorded in United States Dollars
(USD) and international earnings were converted to USD using the exchange rate on the date of racing.
5.3.5 Non-starter follow-up information

Any horse that did not start at least one race was considered a non-starter. Follow-up information
for non-starters was sought via email and telephone communication with the connections of each horse,
using a flow-chart conversation framework that was designed to obtain increasing levels of detail while
minimising bias (Appendix 3).
5.3.6 Data Analysis

Data analyses were performed via consultation with statisticians using the statistical software

package R, version 4.0.2 by RStudio with packages irr **.
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At the individual suspensory branch level, ultrasonographic findings were summarised using
descriptive statistics with frequency distributions by age, by sex, by medial and lateral, and by left and right
side, including percentages and measures of uncertainty representing 95% confidence intervals. At the horse
level, ultrasonographic findings were summarised using the highest score for each graded variable and the
largest measurement and ratios from any of the four suspensory branches, i.e., the most severe findings per
horse. For horses scanned as both yearlings and 2-year-olds, differences between ultrasonographic findings
in a given suspensory branch at one and two years of age were examined using descriptive statistics.

Ultrasonographic findings examined for associations with racing performance were: maximum
grade per horse for each of fibrillar pattern, hyperechoic foci and sesamoid bone contour; largest
measurement per horse for each of branch CSA, branch width and PLT; largest value per horse for each of:
PLT as a percentage of branch width, percent difference between left lateral branch CSA and right lateral
branch CSA and percent difference between left medial branch CSA and right medial branch CSA. All
ultrasonographic findings examined for associations with the eight racing performance measures listed in
Section 2.1 were from 2-year-old ultrasound data. Multivariate generalised regression approaches were
used. Analysis of the outcome “started at least one race” considered all 2-year-old horses. The remaining
outcomes considered only 2-year-olds that raced. Binary outcomes, “started at least one race” and “best
start” were analysed using logistic regression; “number of starts” was considered with negative binomial
regression; and the remaining continuous outcomes were assessed using standard linear regression. Model
diagnostics were performed and data transformations were used when necessary to satisfy model
assumptions, e.g. normally distributed errors. “Days to first start” was log transformed to resemble an
accelerated failure time model. Earnings related measures required log transformation, with all $0 earnings,
and $0 earnings per start, set to $1. “Class Performance Index” required log transformation with all CPI of
zero set to 0.05, which is half the minimum performance value of 0.1. “Weighted Listed and Group” starts
required square root transformation.

To build the final regression model, each racing outcome was first analysed in a multivariable

regression against each horse-level ultrasonographic variable, always controlling for horse sex as a fixed
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effect. Each ultrasonographic variable was then “screened” against that racing outcome using a likelihood
ratio (logistic or negative binomial regression analyses) or F-test (linear regression analyses). Inclusion
thresholds of P < 0.1 were used to reduce the rate of false positives. No other adjustments were made to p-
values to account for a large number of tests. All ultrasonographic variables that passed screening were
simultaneously included in a multivariate regression analysis for that racing performance outcome.
Ultrasonographic variables were retained by backwards selection for the final model, using a threshold level
of 5% (P < 0.05) to indicate statistical significance. Coefficient estimates and 95% confidence intervals
produced by regression analyses were “back transformed” to provide estimates that pertained to the original
scale of the racing performance data, describing the average value of the outcome for each level of

ultrasonographic finding >,

5.4 Results
5.4.1 Study enrolment
Ultrasonography of the forelimb suspensory branches was performed with consignor consent on 593

sales yearlings immediately prior to the 2016 Keeneland September Yearling Sale in Lexington, Kentucky.
Permission to ultrasound at the subsequent 2-year-old sales was granted for 415 horses and ultrasonography
was logistically able to be performed on 367 sales 2-year-olds. Of these, 97 were horses that had
ultrasonography prior to both the yearling and 2-year-old sales.
5.4.2 Graded ultrasonographical findings

i. Suspensory branch fibrillar pattern

Overall, 88.1% of yearling forelimb suspensory branches had a grade 0 fibrillar pattern (2089 of
2372), 9.0% had a grade 1 fibrillar pattern (213 of 2372), 2.6% had a grade 2 fibrillar pattern (62 of 2372)
and 0.3% had a grade 3 fibrillar pattern (8 of 2372). In two-year-olds, 81.5% of the forelimb suspensory
branches had a grade 0 fibrillar pattern (1197 of 1468) and 13.4% had a grade 1 fibrillar pattern (197 of
1468). 4.0% of two-year-old forelimb suspensory branches had a grade 2 fibrillar pattern (59 of 1468) and

1.0% had a grade 3 fibrillar pattern (15 of 1468).
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The distribution of fibrillar pattern grades between medial and lateral forelimb suspensory branches
for each age group are shown in Table 5.2. The distribution of fibrillar pattern grades between left and right
forelimbs for each age group are shown in Table 5.3. A comparison of fibrillar pattern grades between
colts/geldings and fillies for each age group is shown in Table 5.4. When considering the highest fibrillar
pattern grade per horse, 1.0% of yearlings and 4.1% of 2-year-olds had at least one grade 3 suspensory
branch (6 of 593, 15 of 367 respectively). Horse-level maximum fibrillar pattern grades are shown in Table

5.5.

TABLE 5.2. Distribution of ultrasonographical fibrillar pattern grades by location, comparing medial and
lateral forelimb suspensory branches, in Thoroughbred sales yearlings and 2-year-olds.

Ultrasonographic Yearlings, N (%) Two-year-olds, N (%)
fibrillar pattern Medial branches Lateral branches Medial branches Lateral branches
Grade 0 981 (82.7%) 1108 (93.4%) 559 (76.2%) 638 (86.9%)
Grade 1 159 (13.4%) 54 (4.6%) 133 (18.1%) 64 (8.7%)
Grade 2 40 (3.4%) 22 (1.9%) 32 (4.4%) 27 (3.7%)
Grade 3 6 (0.5%) 2 (0.2%) 10 (1.4%) 5(0.7%)

Total 1186 (100%) 1186 (100%) 734 (100%) 734 (100%)

TABLE 5.3. Distribution of ultrasonographic forelimb suspensory ligament branch fibrillar pattern grades
by side, comparing left and right forelimbs, in Thoroughbred sales yearlings and 2-year-olds.

Ultrasonographic Yearlings, N (%) Two-year-olds, N (%)
fibrillar pattern Left forelimb Right forelimb Left forelimb Right forelimb
Grade 0 1036 (87.4%) 1053 (88.8%) 597 (81.3%) 600 (81.7%)
Grade 1 111 (9.4%) 102 (8.6%) 101 (13.8%) 96 (13.1%)
Grade 2 33 (2.8%) 29 (2.4%) 28 (3.8%) 31 (4.2%)
Grade 3 6 (0.5%) 2 (0.2%) 8 (1.1%) 7 (1.0%)

Total 1186 (100%) 1186 (100%) 734 (100%) 734 (100%)

TABLE 5.4. Distribution of ultrasonographic forelimb suspensory ligament branch fibrillar pattern grades
by horse sex, comparing colts/geldings and fillies, in Thoroughbred sales yearlings and 2-year-olds.

Ultrasonographic Yearlings, N (%) Two-year-olds, N (%)
fibrillar pattern Colts Fillies Colts/geldings Fillies
Grade 0 1086 (87.3%) 1003 (88.9%) 634 (77.7%) 563 (86.3%)
Grade 1 128 (10.3%) 85 (7.5%) 129 (15.8%) 68 (10.4%)
Grade 2 27 (2.2%) 35(3.1%) 43 (5.3%) 16 (2.5%)
Grade 3 3 (0.2%) 5(0.4%) 10 (1.2%) 5 (0.8%)
Total 1244 (100%) 1128 (100%) 816 (100%) 652 (100%)
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TABLE 5.5. Distribution of maximum forelimb suspensory ligament branch fibrillar pattern grades per
horse in Thoroughbred sales yearlings and 2-year-olds.

Maximum fibrillar pattern grade  Yearlings, N (%) Two-year-olds, N (%)
per horse

0 410 (69.1%) 205 (55.9%)

1 130 (21.9%) 109 (29.7%)

2 47 (7.9%) 38 (10.4%)

3 6 (1.0%) 15 (4.1%)

Total horses 593 (100%) 367 (100%)

ii. Fibrillar pattern changes between yearling and 2-year-old sale age

Ninety-eight horses had ultrasonography prior to both the yearling and 2-year-old sales, resulting
in 392 suspensory branches with paired ultrasounds. Of suspensory branches that had a grade O fibrillar
pattern at the yearling sale, 2.1% had a grade 2 or 3 fibrillar pattern at 2-year-old sale ultrasonography (7
of 336). Of suspensory branches that had a grade 1 pattern at the yearling sale, 7.0% had a grade 2 or 3
pattern at a 2-year-old sale (3 of 43). Of suspensory branches that had a grade 2 pattern at the yearling sale,
38.5% had a grade 2 or 3 pattern at a 2-year-old sale (5 of 13). None of the horses with paired sales
ultrasounds had a grade 3 suspensory branch fibrillar pattern as a yearling. The full results are shown in
Table 5.6 and depicted in Figure 5.4.
TABLE 5.6. Distribution of ultrasonographic forelimb suspensory ligament branch fibrillar pattern grades
in 2-year-old horses (columns), relative to each branch’s grade at yearling age (rows), for 392 suspensory
branches from 98 horses with paired yearling and 2-year-old sales ultrasonography. Shaded cells represent
grades that remained static between sales. Percentages refer to row totals, i.e. the proportion of the
respective yearling grade distributed across grades 0-3 at 2-year-old age.

Suspensory | Suspensory branch fibrillar pattern grade at 2-year-old sale

branch fibrillar

pattern grade at
yearling sale

Two-year-old ~ Two-year-old  Two-year-old = Two-year-old  Total

Grade 0 Grade 1 Grade 2 Grade 3 suspensory
branches
Yearling Grade 0 | 288 (85.7%) 41 (12.2%) 5(1.5%) 2 (0.6%) 336 (100%)
Yearling Grade 1 | 27 (62.8%) 13 (30.2%) 3 (7.0%) 0 (0.0%) 43 (100%)
Yearling Grade 2 | 5 (38.5%) 3(23.1%) 1 (7.7%) 4 (30.8%) 13 (100%)
Yearling Grade 3 | 0 0 0 0 0
Total suspensory | 320 (81.6%) 57 (14.5%) 9(2.3%) 6 (1.5%) 392 (100%)

branches
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FIGURE 5.4. Proportions of forelimb suspensory ligament branches with grade 0, grade 1 and grade 2
fibrillar patterns as yearlings that progressed, regressed or remained unchanged in grade, for horses that
underwent presale ultrasonography at both yearling and 2-year-old sales.
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iii. Suspensory branch hyperechoic foci

The presence of hyperechoic foci in medial and lateral forelimb suspensory branches as detected at
presale ultrasonography is detailed in Table 5.7. When considering the highest hyperechoic foci grade per
horse, 2.2% of yearlings and 7.6% of two-year-olds had a forelimb suspensory branch containing grade 2
hyperechoic foci (13/593 and 28/367, respectively). The horse-level maximum hyperechoic foci grades are
shown in Table 5.8.

TABLE 5.7. Distribution of ultrasonographic hyperechoic foci grades by location, comparing medial and
lateral forelimb suspensory ligament branches, in Thoroughbred sales yearlings and 2-year-olds.

Hyperechoic  Yearling suspensory branches, Two-year-old suspensory branches,
foci N (%) N (%)
Medial forelimb Lateral forelimb Medial forelimb Lateral forelimb
branches branches branches branches
Grade 0 1076 (90.7%) 1132 (95.4%) 640 (87.2%) 652 (88.8%)
Grade 1 100 (8.4%) 50 (4.2%) 81 (11.0%) 62 (8.4%)
Grade 2 10 (0.8%) 4 (0.3%) 13 (1.8%) 20 (2.7%)
Total 1186 (100%) 1186 (100%) 734 (100%) 734 (100%)

TABLE 5.8. Distribution of maximum forelimb suspensory ligament branch hyperechoic foci grades per
horse in Thoroughbred sales yearlings and 2-year-olds via ultrasonographic examination presale.

Maximum forelimb suspensory  Yearlings, N (%) Two-year-olds, N (%)
branch hyperechoic foci grade

0 472 (79.6%) 250 (68.1%)

1 108 (18.2%) 89 (24.3%)

2 13 (2.2%) 28 (7.6%)

Total horses 593 (100%) 367 (100%)

iv. Proximal sesamoid bone abaxial surface contour

9.2% of yearling forelimb suspensory branches (218/2372) and 13.4% of two-year-old forelimb
suspensory branches (197/1468) had irregular sesamoid bone contour detected ultrasonographically at the
branch insertion. Table 5.9 compares the presence of irregular sesamoid bone contour as detected
ultrasonographically at the medial and lateral suspensory branch insertions in each age group. Comparing

left and right forelimbs, the prevalence of irregular sesamoid bone contour was similar for each limb side.
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In yearlings, the prevalence of irregular sesamoid bone contour seen ultrasonographically in the left and
right forelimbs was 9.7% (115/1186) and 8.7% (103/1186), respectively. In 2-year-olds, the respective left
and right forelimb prevalences were 13.8% (101/734) and 13.1% (96/734). When considering the most
severe sesamoid bone contour grade from all four forelimb suspensory branches in each horse, 24.6% of
yearlings and 37.3% of two-year-olds had at least one branch insertion with irregular sesamoid bone contour
evident ultrasonographically (146/593 and 137/367, respectively).

TABLE 5.9. Distribution of the presence (Grade 1) and absence (Grade 0) of irregular proximal sesamoid

bone contour as detected ultrasonographically in Thoroughbred sales yearlings and 2-year-olds, comparing
medial and lateral forelimb suspensory ligament branches.

Ultrasonographic Yearling suspensory branches, N  Two-year-old suspensory branches, N
sesamoid bone contour (%) (%)
Medial Lateral Medial Lateral
Grade 0 (regular) 1029 (86.8%) 1125 (94.9%) 616 (83.9%) 655 (89.2%)
Grade 1 (irregular) 157 (13.2%) 61 (5.1%) 118 (16.1%) 79 (10.8%)
Total 1186 (100%) 1186 (100%) 734 (100%) 734 (100%)

5.4.3 Measured ultrasonographical findings

i. Suspensory branch cross-sectional area

In yearlings, the median cross-sectional area of medial forelimb suspensory branches was 1.20 cm?
and of lateral forelimb suspensory branches was 1.12 cm? (medial IQR 1.14-1.28, lateral IQR 1.05-1.19).
Likewise in two-year-olds, the median cross-sectional area of medial forelimb suspensory branches was
1.21 cm? and of lateral forelimb suspensory branches was 1.12 cm? (medial IQR 1.14-1.30, lateral IQR
1.05-1.20). The entire range of forelimb suspensory branch cross-sectional area measurements presale
spanned from a minimum of 0.86 cm? to a maximum of 2.14 cm?.

Comparison of medial and lateral suspensory branch CSA respectively, between left and right
forelimbs revealed a median difference of 5.0% in each branch in both yearling and two-year-old
populations. No significant difference was detected in the average maximum branch cross-sectional area
per horse between yearlings and two-year-olds (P = 0.3, 95% CI: -0.02, 0.06). In 384 suspensory branches

from 96 horses with measurements at both ages, the mean difference between two-year-old and yearling
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branch cross-sectional area was -0.01 (sd 0.15). The distributions of branch CSA measurements for each

grade of fibrillar pattern in yearlings and in 2-year-olds are depicted in Figure 5.5a,b.
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FIGURE 5.5a. Yearling distribution summary of suspensory ligament branch ultrasonographic
measurements for cross-sectional area (CSA) in cm? by fibrillar pattern grade (0-3) for all forelimb branches
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FIGURE 5.5b. Two-year-old distribution summary of suspensory ligament branch ultrasonographic

measurements for cross-sectional area (CSA) in cm? by fibrillar pattern grade (0-3) for all forelimb branches
ii. Suspensory branch width
In yearlings, the median width of medial forelimb suspensory branches was 1.34 cm and of lateral
forelimb suspensory branches was 1.23 cm (medial IQR 1.25-1.43, lateral IQR 1.14-1.30). In 2-year-olds,
the median width of medial forelimb suspensory branches was 1.38 cm and of lateral forelimb suspensory
branches was 1.26 cm (medial IQR 1.28-1.50, lateral IQR 1.17-1.34). No significant difference was
detected in the maximum branch width per horse between yearlings and two-year-olds (P = 0.2, 95% CI.: -

0.063, 0.014). There was also no difference between the median branch width in left forelimbs compared
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to right forelimbs in yearlings or in 2-year-olds. The distributions of branch width measurements for each

grade of fibrillar pattern in yearlings and in 2-year-olds are depicted in Figure 5.6 a,b.
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FIGURE 5.6a. Yearling distribution summary of ultrasonographic suspensory ligament branch width (WID)
in cm by fibrillar pattern grade (0-3) for all forelimb branches
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FIGURE 5.6b. Two-year-old distribution summary of ultrasonographic suspensory ligament branch width
(WID) in cm by fibrillar pattern grade (0-3) for all forelimb branches

iii. Periligamentar tissue thickness

The median PLT for all forelimb suspensory branches was 0.10 cm in both yearlings and 2-year-
olds (yearling IQR 0.08-0.11, 2-year-old IQR 0.09-0.12). The proportion of PLT to branch width had a
median of 0.08, or 8.0%, in both yearlings and two-year-olds for all forelimb suspensory branches (yearling
IQR 0.06-0.09, 2-year-old IQR 0.07-0.09). The distributions of PLT ratio for each grade of branch fibrillar

pattern in yearlings and in 2-year-olds are depicted in Figure 5.7a,b.
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Periligamentar tissue thickness did not increase with increasing fibrillar pattern grade in yearlings,
except for two individual yearlings with severe grade 3 lesions. Increased relative periligamentar tissue

thickness was only a feature in some 2-year-olds with grade 3 lesions.
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FIGURE 5.7a. Yearling distribution summary of the proportion of periligamentar tissue thickness to
suspensory ligament branch width (PLTr), as measured ultrasonographically, by fibrillar pattern grade (0-
3) for all forelimb branches
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FIGURE 5.7b. Two-year-old distribution summary of the proportion of periligamentar tissue thickness to
suspensory ligament branch width (PLTr), as measured ultrasonographically, by fibrillar pattern grade (0-
3) for all forelimb branches
5.4.4 Associations with racing performance

i. Race starts

Overall, 89.9% of horses with two-year-old sale ultrasounds started at least one race by the end of their
four-year-old racing season (330/367). For horses that raced, the median total number of race starts from

two to four years of age was 12 (IQR 7-18 starts). No statistically significant differences were found

between any ultrasonographic variables and the probability of horses starting at least one race (Table 5.10).
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Of the 15 horses with a Grade 3 fibrillar pattern, 80.0% started at least one race. For horses with a maximum
fibrillar pattern of Grade 0-2, 89.8-92.1% started at least one race. This difference was not statistically
significant (likelihood ratio P = 0.7).

TABLE 5.10. The proportion of horses that raced for each level of maximum ultrasonographic finding in
the forelimb suspensory ligament branches at two-year-old sales and the probability of racing from the
logistic regression model controlling for horse sex. Note: Displayed are the overall number of 2-year-olds
with a given maximum ultrasonographic finding for each ultrasonographic variable, the percentage of those
horses that raced and the back-transformed probability of racing based on the logistical model controlling
for horse sex.

Grade Total N (%) of horses Probability of racing
horses that raced (95% CI)
Fibrillar pattern 0 205 184 (89.8%) 0.90 (CI: 0.85-0.93)
1 109 99 (90.8%) 0.91 (CI: 0.83-0.95)
2 38 35(92.1%) 0.92 (CI: 0.77-0.97)
3 15 12 (80.0%) 0.80 (CI: 0.52-0.93)
Hyperechoic foci 0 250 227 (90.8%) 0.91 (CI: 0.87-0.94)
1 89 79 (88.8%) 0.89 (CI: 0.80-0.94)
2 28 24 (85.7%) 0.85 (CI: 0.65-0.94)
Bone surface 0 230 209 (90.9%) 0.91 (CI: 0.86-0.94)
1 137 121 (88.3%) 0.88 (CI: 0.81-0.93)

ii. Follow-up of non-starters

Follow-up information was obtained for 48.6% of non-starters (18/37). Eight non-starters had
complete follow-up information, that is, a confirmed reason for never racing was obtained. Of these 8
horses: 4 did not race due to lameness, 2 did not race due to fatal or near fatal accidents unrelated to
performance, 1 was deemed to have insufficient athletic ability and 1 did not race due to colic requiring
euthanasia. The clinical diagnoses in the 4 non-starters with lameness comprised 3 horses with bowed flexor
tendons and 1 horse with a fractured hind sesamoid. For 10 non-starters, the follow-up was partial; meaning
that confirmation was given that the horse never raced but the reason for not racing was unknown, or the
horse was exported from the United States and the racing history was inaccessible. Of the combined 29

non-starters with either partial or no follow-up, 15 horses had only Grade 0 suspensory branch fibrillar
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patterns, 9 horses had at worst a Grade 1 branch, 2 horses had a Grade 2 branch and 3 horses had a Grade
3 branch.

iii. Age at first race start

For horses that did race, the median age at first race start was 973 days old, i.e. 2 years and 8 months
old (IQR 891-1073 days). Maximum branch width was significantly associated with an older age at first
race start. On average in two-year-olds, a 0.25 cm increase in branch width above average was associated
with a 49-day delay in initiating a racing career (P<0.001, 95% CI: 21-77 days).

iv. Earnings

For horses that raced, median total earnings to the end of the 4-year-old racing season were $38,622
(IQR $14,633-$86,422). The presence of Grade 2 hyperechoic foci in at least one forelimb branch was
significantly associated with lower total earnings ($5662, P=0.01). The back-transformed estimated total
earnings for each grade of ultrasonographic finding are presented in Table 5.11. Grade 3 fibrillar pattern
passed the screening threshold for lower total earnings (F-test P=0.03) but was not retained in the final
multiple regression model (P=0.06).

Per start, horses that raced earned a median of $3375 in each race (IQR $1470-$6723). Two
ultrasonographic variables were significantly associated with lower earnings per start: Grade 2 hyperechoic
foci and maximum branch width (P=0.003 and P<0.05, respectively). Horses with a maximum fibrillar
pattern of Grade 1 were associated with significantly higher earnings per start (P=0.004). The back-
transformed estimated earnings per start for each grade of ultrasonographic finding are presented in Table

5.11.
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TABLE 5.11. Estimated total prizemoney earnings and earnings per race start (USD) for each level of
maximum ultrasonographic forelimb suspensory ligament branch finding in 2-year-old horses that
subsequently raced, from the multivariate linear regression model controlling for horse sex. “denotes a
statistically significant difference (P<0.05).

Grade  Total earnings Earnings per start
(95% CI) (95% CI)
Fibrillar pattern 0 $17,900 (CI: 12,366-25,912) $2,094 (CI: 1,576-2,783)
1 $40,983 (CI: 24,681-68,053) $3,900" (CI: 2,641-5,759)
2 $13,932 (CI: 5,915-32,811) $1,658 (CI: 858-3,202)
3 $12,319 (CI: 2,875-52,787) $1,638 (CI: 535-5,013)
Hyperechoic foci 0 $22,041 (CI: 15,795-30,757) $2,428 (CI: 1,881-3,134)
1 $32,348 (CI: 18,388-56,905) $3,423 (CI: 2,221-5,277)
2 $5,662" (CI: 2,000-16,022) §775" (CI: 349-1,718)
Bone surface 0 $23,681 (CI: 16,680-33,620) $2,526 (CI: 1,929-3,307)
1 $19,377 (CI: 12,138-30,933) $2,293 (CI: 1,600-3,285)

v. Race caliber

Of all horses that raced, 17.9% achieved at least one Listed or Group level race start (59/330).
Included among horses achieving a race of this calibre were: 16.8% of horses with a Grade 0 maximum
fibrillar pattern (31/184), 22% of horses with a Grade 1 maximum fibrillar pattern (22/99), 14% of horses
with a Grade 2 maximum fibrillar pattern (5/35) and 8% of horses with a Grade 3 maximum fibrillar pattern
(1/12). No significant associations were found between ultrasonographic variables and race calibre using
the measures Career Best Start or Weighted Listed and Group Starts. A significant association was found

between Class Performance Index and difference in left and right medial branch CSA (P=0.04).

5.5 Discussion

This is the first time that the ultrasonographic appearance of the suspensory ligament branches has
been investigated at yearling and 2-year-old sales. Reference values, specific to young Thoroughbreds, have
been established for branch size measurements and for the prevalence of ultrasonographic findings at sales.
Previously unavailable information has also been produced after prospectively following these horses to
determine associations with racing performance. The results indicate that some findings should be regarded

as an acceptable ultrasonographic appearance in sales Thoroughbreds, especially Grade 1 branch fibrillar
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pattern. The results have also identified certain findings that do constitute an evidence-based risk of delayed
or reduced performance, namely enlarged branch size as measured by width and Grade 2 hyperechoic foci.

The vast majority of individual suspensory branches in both age groups had a Grade 0 fibrillar
pattern (85%). However, when examined at the horse level, 22% of yearlings and 30% of 2-year-olds had,
at worst, one or more Grade 1 branches. This indicates that ultrasonographic changes, particularly Grade 1
fibrillar pattern, are seen in the suspensory branches of a considerable proportion of sales horses. Medial
branches were more frequently affected than lateral branches at all grades above Grade 0, which is
consistent with previous work finding an overrepresentation of medial branch changes 2%, No
asymmetry was observed in the prevalence of left compared to right forelimb branches affected by each
grade of fibrillar change. In fact, the distribution of grades by limb side was remarkably similar, with no
more than a one percent difference per side for any grade, at either age. When comparing findings by horse
sex in yearlings, more colts had Grade 1 branch fibrillar pattern than fillies. In 2-year-olds, colts/geldings
had a higher prevalence of all grades of fibrillar pattern >1, compared to fillies.

Among the horses that presented for sale at both ages, over 95% of yearling Grade 0 and Grade 1
maximum fibrillar pattern findings either improved or remained unchanged in appearance by 2-year-old
sale. This included resolution of 63% of yearling Grade 1 branches. These figures do not account for any
horses that developed worsening change of a magnitude necessitating withdrawal from 2-year-old sale, due
to anticipated impact on sale value or developing clinical injury. The majority of pinhooked yearlings would
not have been monitored ultrasonographically between sales, unless a clinical reason to investigate the
suspensory branches arose, or a potential concern was identified at yearling sales in the suspensory branch
or proximal sesamoid bones **. Most of the latter cases are unlikely to have been selected as 2-year-old sale
prospects. Consequently, it is reasonable to expect that, in horses deemed suitable for pinhooking at yearling
sales time, many instances of worsening of branch fibrillar pattern that remained subclinical would have
gone undetected and therefore would be represented in these figures. This provides a degree of evidence

that suggests Grade 1 branches need not be heavily critiqued at yearling sales.
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Analysis of racing performance suggested, likewise, that the presence of Grade 1 branches at 2-
year-old sales was not detrimental. In a U.K. study of clinically normal flat racing Thoroughbreds, the
majority of which were 2 and 3-year-olds, the prevalence of Grade 1 fibrillar pattern in forelimb branches
was 26-28% **. This is eminently comparable to the prevalence of Grade 1 change found in the present
study at 2-year-old sales. An unchanged prevalence from the initiation of training and sale through
productive racing years suggests a baseline level of appearance, which may not be pathological in this
population of horses. In the authors’ opinion, it may be that the mild reduction in echogenicity seen in Grade
1 branches is related to adaptive change within normal limits in young Thoroughbreds. Racing performance
analysis in the present study found that horses with a maximum branch fibrillar pattern of Grade 1 as 2-
year-olds had significantly higher earnings per start compared to horses with only Grade 0 branches ($3900
versus $2094, respectively). Similar relationships, though not statistically significant, were seen with other
racing outcomes whereby Grade 1 tended to outperform Grade 0. In agreement with previous authors who

2834 the current results show that Grade

did not consider Grade 1 to be representative of subclinical injury
1 branches were common and no evidence was found to suggest they were detrimental to future racing
performance.

In contrast to the milder grades, 61% of yearling Grade 2 branches had improved by 2-year-old sale
but 31% had progressed to a grade 3 lesion. Grade 2 yearling branches are more likely to have been
monitored during 2-year-old sales preparation and so the proportion that developed more severe change is
likely underestimated here. No associations were found between Grade 2 branch fibrillar pattern and poorer
racing performance. However, the evidence that approximately one-third of yearling Grade 2 branches may
worsen to Grade 3 by 2-year-old sale is important, particularly as the cumulative training load and intensity
continues to increase post-sale with the onset of racing careers.

Grade 3 fibrillar pattern showed a notable difference in the odds of racing and class achieved,
despite not reaching statistical significance. The 80% of starters for Grade 3 branches, compared to 90-92%

for Grades 0-2, is clinically relevant. Also of note is that only 8% of horses with a Grade 3 branch at 2-year-

old sales went on to race at Listed or Group level, compared to 14-22% of horses with Grade 1 and Grade
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2 branches at the same age. In the analysis of career earnings, Grade 3 fibrillar pattern passed screening for
inclusion but was not retained in the final multiple regression model (P = 0.06). In a previous study, low
numbers of Grade 3 branches precluded specific analysis of racing performance after clinical injury **. With
a total of 15 horses with 2-year-old sale Grade 3 branches in the present study, greater numbers may likewise
have been useful, though in practice this severe a lesion is an uncommon finding at sales. No subclinical

%, possibly suggesting

Grade 3 branches were found in Ramzan et al’s study of active racehorses
progression to clinical injury for branches that were subclinically Grade 3 prior to racing. The incidence of
clinical branch injury developing in the first year of race training was established as 9.50-9.97% by Plevin
and McLellan -,

The suspensory branches are a known predilection site for dystrophic mineralisation in the horse,
which can be incidental and has also been linked to poor prognostic outcomes **°'. In humans with calcific
tendonitis of the rotator cuff, larger calcifications and positive power Doppler signal within the calcific
deposit have been identified as ultrasonographic indicators of clinical importance *2. This is the first time
that suspensory branch mineralisation has been analysed against flat racing performance in young
Thoroughbreds. The results show that the presence of Grade 2 hyperechoic foci is clinically important in
this population, with significantly reduced total earnings and earnings per start. The ultrasonographic
appearance in these branches was that of complete inhibition of the acoustic passage deep to the hyperechoic
focus, causing a shadowing effect within the branch. This is presumed consistent with ligamentous
calcification or dystrophic mineralisation and included some sesamoid avulsion fragments that were
adjacent to corresponding sesamoid bone defects. Dystrophic mineralisation has been considered
representative of a degree of chronic branch change *' and what is known of the molecular nature of the
mineralisation process has been discussed *%. In this study, 2-year-olds were 3.5 times more likely to have
a branch with Grade 2 foci than yearlings. Within 2-year-olds, Grade 2 foci were over 4 times more
prevalent in colts than fillies. It is critical to note that the same association was not found for Grade 1
hyperechoic foci, seen as small hyperechoic flecks scattered diffusely or in a concentrated region of the

branch, without acoustic shadowing. Grade 1 foci were a common finding, with 18% of yearlings and 24%
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of 2-year-olds shown to have at least one branch with Grade 1 foci. No evidence was found to suggest
hyperechoic foci without acoustic shadowing were detrimental to future performance. Care should be taken
when scanning to avoid misinterpretation of artefactual hyperechoic foci and to avoid overinterpretation of
the Grade 1 appearance.

Reference measurements specific to young Thoroughbreds have been established for branch CSA
and width, from the quantitative assessment of size in a total of 960 horses in the present study. Medial
branches (1.20 cm?) were found to be larger than lateral branches (1.12 cm?) across all grades of fibrillar

2953 and underscores the importance

pattern and hyperechoic foci. This is consistent with previous reports
of comparing size with the contralateral limb, bearing in mind the corresponding contralateral branch may
also be enlarged. No difference was detected in the average CSA between yearlings and 2-year-olds, even
with the onset of training. Colts had slightly larger branches than fillies in both age groups and sex was
controlled for in the regression analyses. As expected, CSA increased with increasing fibrillar pattern grade
and also with increasing hyperechoic foci grade. The median CSA values in the present study are within
the published range for the distal portion of the branch in racing Thoroughbreds of 1.00-1.20 cm?* *.
However, they are smaller than the CSA reported for National Hunt racehorses (medial 1.42 cm?, lateral
1.28 cm?) % and elite Warmblood showjumpers (medial 1.52 cm?, lateral 1.41 cm?) *. Both of these groups
had a high incidence of subclinical grade >2 changes, reinforcing the importance of using population-
specific reference values.

Branch width (lateromedial thickness) was included as an additional measure of branch size. A
significant association was found between increasing branch width and older age at first start and reduced
earnings per start. A 20% increase above average width (0.25 cm), which is widely considered to be a
clinically relevant percentage >*, was associated with a 50-day delay to the start of racing careers. CSA is
typically the primary size measurement used in branch ultrasonography. However, the perimeter tracing of
branch cross-sections for CSA is inherently more variable than a linear measurement between identifiable

anatomical landmarks for width. Width was initially to be measured on longitudinal images >, but this was

changed to measuring on transverse images because of a perceived variability in width on longitudinal
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images depending on the position of the transducer. This method of measuring branch width has proven a
useful adjunct to CSA when evaluating branch size.

Two ultrasonographic variables were not found to be of predictive value in this study.
Periligamentar fibrosis is a feature of chronic suspensory branch injury, especially in hindlimbs, and is
recognised as an indicator of poor prognosis in sport horses ***'. However, increased PLT was a rare finding
in the forelimbs of yearling and 2-year-old sales horses. The median PLT was consistent across both age
groups (0.10 cm) and the median proportion of PLT to branch width was established as 8% in this
population. In contrast, the same proportion measured in sport horses with clinical branch injury was 32%
in forelimbs and 42% in hindlimbs *'. The present study demonstrated that sales Thoroughbreds with acute
branch enlargement have unchanged PLT and this results in a decreased ratio of PLT to branch width.
Periligamentous oedema or fibrosis has been noted in clinical branch injury in racing Thoroughbreds,
including within the first year of training ***°. However, periligamentar fibrosis was not a feature in any
yearlings in the present study, irrespective of fibrillar pattern grade. It was only apparent in a few 2-year-
olds with Grade 3 fibrillar lesions. Thus, whilst PLT remains a valid and important feature to identify
chronic branch change and an associated poor prognosis, there are other ultrasonographic features of greater
utility in most young sales Thoroughbreds.

Irregularity of the abaxial sesamoid bone surface at the branch insertion was the other
ultrasonographic variable that did not show predictive value in this study. Medial branches were
overrepresented in both age groups. At the horse-level, 25% of yearlings and 37% of 2-year-olds had at
least one branch insertion with irregular sesamoid bone contour identified ultrasonographically. There was
no evidence of an association with racing performance outcomes. It may be that the range of irregularity
detected ultrasonographically was too broad to be of use. When present at a radiologically evident level,
the production of abaxial new bone on forelimb sesamoids was found to have a significant negative
association with racing performance in this population of sales horses **.

Measures were taken to ensure that granting permission for ultrasonography would not impact

horses’ sale prospects. The absence of clipping did not compromise image quality in sales-ready horses
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with fine hair coats. It became clear early in the course of yearling ultrasonography that consignors were
more agreeable to ultrasonography involving the forelimbs only, as this could usually be performed
unsedated. Requiring intravenous sedation to safely obtain hindlimb images would have drastically reduced
enrolment. Thus, the method was modified to include forelimbs only, as in previous work 2****, Forelimb
branch injuries were more common than hindlimb branch injuries in young Thoroughbreds in race training,
with a reported distributions of 69% to 31% * and 62% to 38% **, respectively. Subsequently, Plevin and
McLellan * found no difference in racing outcomes when comparing fore- and hindlimb branch desmitis.
The results of the present study may be applicable to hindlimbs, though hindlimb-specific ultrasonography
is needed to investigate this hypothesis. It may be that negative associations with performance are less
detrimental, as was the case for hindlimb proximal sesamoid bone changes compared to forelimbs **. When
extrapolating the ultraonographic appearance to hindlimbs, there may be hindlimb-specific features of the
suspensory branches that need to be considered, such as potential size differences compared to forelimbs
and less of a medial branch predominance for abnormalities. An increased propensity for periligamentar
fibrosis in hindlimb branch injuries has been noted in horses used for non-racing disciplines *'.

Clinical applications of the current methodology that clinicians may find useful include the
importance of saving cine loops when subsequent image evaluation is planned and using the same observer
for serial measurements. It was important to recognise the normal ultrasonographic appearance of a fibrous
septum separating the axial and abaxial lobes, which is prominent in some branches and should not be
incorrectly interpreted as a lesion *’. A predominance of palmar margin changes, not seen with the
transducer positioned perpendicular to the medial or lateral aspect of the fetlock, underscored the
importance of examining the palmar or plantar aspect of the suspensory branches in Thoroughbreds .
Moving the transducer from dorsal to palmar when evaluating the branch insertion in longitudinal section
was also important to ensure changes were not missed *'. Although not practical in the current study, the
addition of non-weightbearing ultrasonographic examination and power Doppler can be useful adjuncts in

the diagnosis of certain branch lesions "%,
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The sample population in this study was specifically young Thoroughbreds that had undergone
sales preparation and were entered for a yearling or 2-year-old sale. Clinical exams were not performed by
the research ultrasonographers, thus the definition of subclinical referred to horses deemed fit for
presentation at sale by consignors and their veterinarians. This was intentional so as to produce usable
information directly applicable to sales horses. The nature of the study design meant that any treatment
interventions directed at suspensory branches were unknown, such as extracorporeal shockwave therapy or

¥ Other management variables included differing training track surfaces

periligamentous injection
including synthetic, dirt and turf; with three 2-year-old sales breezing on a wax-coated synthetic fibre and
sand blend and two sales breezing on dirt tracks. Foot conformation and shoeing technique, which may

! were not assessed. However, the number of horses enrolled

affect suspensory branch loading °
encompassed a large cross-section of consignors and trainers. Previous studies of subclinical
ultrasonographic suspensory branch abnormalities in Thoroughbreds have been limited to 50, 60 and 62
horses 234, The inclusion of 593 yearlings and 367 two-year-olds has provided a large dataset of
information, with a wide sample of management and training regimes specific to sales-prepared horses.
Although only Thoroughbreds sold in North America were studied, racing performance in overseas
jurisdictions was included where available; including for horses exported to the United Kingdom, Ireland,
France, Asia, South America and Australasia. The analysis of racing performance in this study intentionally
did not separate performance outcomes on a per year basis. Previous work has found some evidence of

reduced performance at 2 years of age for mild findings, which was no longer evident by the 3-year-old

racing season >,

5.6 Conclusions

Reference values have been established for the ultrasonographic appearance of the suspensory
branches in sales Thoroughbreds. Mild changes in the suspensory branches should not be overinterpreted
in presale examinations. One third of sales 2-year-olds had at least one suspensory branch with Grade 1

fibrillar pattern and one quarter of sales 2-year-olds had at least one branch with Grade 1 hyperechoic foci.
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There was no evidence of reduced performance associated with Grade 1 or Grade 2 branch fibrillar pattern.
However, approximately one third of yearling Grade 2 branches progressed to a Grade 3 lesion. Grade 3
branch lesions had a clinically important reduction in the likelihood of racing and the class of racing
performance achieved. 2-year-olds with enlarged branch width had a delayed start to racing and reduced

earnings per start. Hyperechoic foci that caused acoustic shadowing were associated with reduced total

earnings and earnings per start.
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CHAPTER 6 — CONCURRENT RADIOLOGICAL AND ULTRASONOGRAPHICAL FINDINGS IN
THE FORELIMB PROXIMAL SESAMOID BONES AND ADJACENT SUSPENSORY LIGAMENT

BRANCHES IN YEARLING AND 2-YEAR-OLD THOROUGHBRED SALES HORSES®

6.1 Summary

Changes in the proximal sesamoid bones (sesamoids) and the insertional region of the adjacent
suspensory ligament branch (branch) are of particular importance in young Thoroughbreds sold at public
auction. Little is known about the prevalence of concurrent ultrasonographic branch change relative to the
various grades of radiological sesamoid appearance.

This was a prospective cohort study using an enrolled sample. The objectives were to 1) examine
the existence of concurrent radiological and ultrasonographic findings in individual sesamoid-branch units
in sales horses, 2) determine whether there are any radiological findings that are consistently accompanied
by a particular degree of insertional branch change and 3) provide practical recommendations as to when
suspensory branch ultrasonography may be warranted in a sales environment.

Horses were enrolled with consignor permission from a large Thoroughbred yearling sale and five
2-year-old Thoroughbred sales the following year. Data from the radiological evaluation of forelimb
sesamoids and ultrasonographic examination of the adjacent forelimb suspensory branches was analysed
using descriptive statistics.

A total of 2,204 yearling forelimb sesamoid-branch units and 1,336 2-year-old forelimb sesamoid-
branch units were included from 551 sales yearlings and 334 sales 2-year-olds. The proportion of yearling
sesamoids with Grade <1 vascular channels that had adjacent Grade >2 fibrillar branch change was 1.2%.

The same proportion for 2-year-olds was 3.8%, with medial forelimb sesamoids with Grade 1 vascular

° Peat, F. J., Kawcak, C. E., Mcllwraith, C. W,, Berk, J. T. & Keenan, D. P. (2024). Concurrent radiological
and ultrasonographical findings in the forelimb proximal sesamoid bones and adjacent suspensory ligament
branches in yearling and 2-year-old Thoroughbred sales horses. Equine Veterinary Journal, (In Press).
Included with permission of journal Editor-In-Chief.
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channels overrepresented in 2-year-olds. In yearlings, 31% of sesamoids with Grade 2 vascular channels
had adjacent Grade >2 fibrillar branch change and 59% of sesamoids with Grade 3 vascular channels had
adjacent Grade >2 fibrillar branch change. In 2-year-olds, 47% of sesamoids with Grade 2 vascular channels
had adjacent Grade >2 fibrillar branch change and 67% of sesamoids with Grade 3 vascular channels had
the same. Only 1 yearling and 1 2-year-old sesamoid with radiological abaxial concavity had Grade >2
fibrillar branch change.

The main limitation of this study is that hindlimbs were not included. Clinical examinations were
not performed and the status of any past or present inflammatory process at the sesamoid-branch enthesis
could not be inferred from radiographs and ultrasonographic images alone.

The existence and prevalence of concurrent radiological and ultrasonographic findings in the
proximal sesamoid bones and adjacent suspensory ligament branches has been established in yearling and
2-year-old Thoroughbred sales horses. General recommendations have been made for selective branch
ultrasonography on the basis of sesamoid radiological appearance. The results support a separate aetiology

for radiological sesamoid abaxial concavity that does not primarily involve the suspensory branch insertion.

6.2 Introduction

Sesamoid bones are present in tendons and ligaments in areas that experience both tensile strain
and compressive mechanical stresses ®°. The proximal sesamoid bones (sesamoids) in the forelimb are
critical anatomical structures in the horse, where they are positioned within the suspensory apparatus as it
changes direction coursing over the palmar aspect of the metacarpophalangeal joint (MCPJ). The medial
and lateral branches of the suspensory ligament (branches) insert abaxially onto the respective medial and
lateral sesamoids '*'”. Vascular supply to the sesamoids originates from branches of the medial and lateral
palmar digital arteries that enter the proximal half of the sesamoids through the palmar abaxial bone surface
% The sesamoids reduce friction on the suspensory ligament and place it further away from the axis of the

joint, thereby increasing the mechanical advantage of the suspensory apparatus in stabilising the MCPJ
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under hyperextension and high loads during locomotion '>'7-*"62 Injuries to the suspensory apparatus may
impair athletic ability and can have significant consequences in the horse '*°.

Given their anatomical relationship and clinical importance, a link between pathological change in
the sesamoids and suspensory branches has been discussed for over 50 years 2!, This is an issue of
particular importance in young Thoroughbreds sold at public auction, where presale radiographs are lodged
in a repository system and abnormalities identified on radiographs can impact the sale and management of
affected horses '>'*?2, Foundational work on the significance of sesamoid changes and subclinical and
clinical branch injury was performed by McLellan, Plevin et al, following yearlings in their first year of
training 2%, The ultrasonographic appearance of the suspensory branches was recently investigated at
Thoroughbred sales for the first time . Together with a study of radiological sesamoid findings **, this new
information has established the prevalence and significance of sesamoid and branch changes in a large
cohort of sales yearlings and 2-year-olds. The grading system used to define sesamoid changes was revised
with the benefit of previous work '>!*#%-4 The most common radiological change in sesamoids, that of a
single enlarged vascular channel (Grade 1), is now considered separately from sesamoids with greater
numbers of enlarged vascular channels **. It was shown that Grade 3 vascular channels, abaxial new bone
and apical or abaxial fragments in forelimb sesamoids as yearlings reduced the likelihood of racing and that
Grade 3 sesamoids in hindlimbs as yearlings delayed the start of racing careers **. There was no evidence
of Grade 1 or Grade 2 vascular channels being detrimental to future racing performance when present in
yearlings, but the appearance of the adjacent suspensory branch was not reported in this previous
publication. There is also a distinct radiological finding that appears as an abaxial concavity in yearling
sesamoids in the absence of vascular channel enlargement. Abaxial concavity can dramatically alter
sesamoid morphology on sales radiographs, but has been shown to usually resolve by 2 years of age and
had no evidence of reduced performance **. It was suggested that this has an aetiology that does not
primarily involve the sesamoid-branch enthesis but the appearance of adjacent branches has not been

reported **.
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A study of subclinical ultrasonographic findings in Thoroughbred racehorses found the majority of
suspensory branch abnormalities were in the insertional third of the branch and, more specifically, the
palmar or abaxial margin of the insertion. Given the distal location of branch abnormalities, the authors
recommended further work correlating such findings with the radiological appearance of the sesamoid
bones . Branch ultrasonography at sales showed that enlarged forelimb branch width in 2-year-olds was
associated with a delayed start to racing, Grade 3 branch lesions had a clinically important reduction in the
likelihood of racing and the calibre of performance achieved, and the presence of Grade 2 hyperechoic foci
within branches was associated with significantly lower prizemoney earned ®. Mild regions of
hypoechogenicity (Grade 1 fibrillar pattern) have been found in the branches of 22% of sales yearlings,
30% of sales 2-year-olds and 26-28% of clinically normal racehorses in training . Subclinical Grade 2
fibrillar branch change has been found in 6.7% of racehorses 2. Clinical branch injury occurred in 9.5-
10.0% of Thoroughbreds in their first year of training and the coexistence of concurrent changes in
sesamoid-branch units increased the potential for subsequent injury in a small number of horses %3, It has
now been established that low grade ultrasonographic branch change exists in a substantial portion of young
Thoroughbreds and an understanding of the concurrent sesamoid appearance in these sesamoid-branch units
is needed using a large sample.

Since radiographs are viewed first in the sales environment and ultrasonography usually only
follows if there is concern over radiological findings, little is known about whether ultrasonographic branch
change is present in the absence of radiological changes. However, justifiable conversation occurs within
the industry over the increasing use of presale imaging. A veterinary recommendation to add further
diagnostic imaging to presale examinations should be founded on evidence that suggests it will add valuable
information to the sales decision-making process, ultimately to inform the suitability and management of
the horse for its intended purpose.

The purpose of this study was to examine the existence of concurrent findings in individual
sesamoid-branch units in sales horses. The study aimed to determine whether there were any radiological

sesamoid findings that were consistently accompanied by a particular degree of insertional branch change.
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It was hypothesised that only sesamoids with radiological Grade >2 vascular channels would have
ultrasonographic Grade >2 fibrillar change in the adjacent suspensory branch. It was also hypothesised that
radiologically visible abaxial concavity in sesamoids without enlarged vascular channels would not be
accompanied by branch change. The objective was to provide practical recommendations as to when branch

ultrasonography is warranted in the sales environment.

6.3 Methods
6.3.1 Data collection

A prospective cohort study was conducted using an enrolled sample of Thoroughbred horses. The
cohort comprised yearling and 2-year-old Thoroughbreds presented for sale at public auction in the USA;
beginning at the 2016 Keeneland September Yearling Sale in Lexington, Kentucky and continuing at five
2017 2-year-old sales, starting with the Fasig-Tipton Gulfstream Sale in Hallandale Beach, Florida.
Enrolment, radiograph and ultrasound image acquisition and image evaluation occurred as detailed in
previously published work pertaining to separate radiological and ultrasonographical studies using this
cohort of horses **4°%3, Measures were taken to ensure that neither granting access to sales radiographs, nor
giving permission for suspensory branch ultrasonography, would impact horses’ sale prospects. Consignors
had the option to approve for research only one imaging modality, or neither, if desired. The present study
used only horses with both sales radiographs and research ultrasonography available. For each horse, the
radiological findings for the four forelimb sesamoids and the concurrent ultrasonographical findings for the
corresponding four forelimb suspensory branches were analysed. The observer (FP) was blinded to
radiological findings during ultrasonographic branch image evaluation .

The radiological appearance of each sesamoid was categorised into one of six grades for vascular
channel and abaxial contour appearance, using a grading scale established for this research **. Sesamoid
fragments, either apical or abaxial in origin, were noted separately. Basilar sesamoid fragments were not

recorded for the purposes of this study. Ultrasonographical findings in the suspensory branches were graded
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for each of fibrillar pattern (0-3), the presence of hyperechoic foci (0-2) and sesamoid bone surface
irregularity at the branch insertion (0-1) Measurements of branch cross-sectional area (CSA), width and
periligamentar tissue thickness (PLT) were also recorded .
6.3.2 Data analysis

Data analysis was performed using the statistical software R, version 4.3.2, with packages car,
dplyr, freqtables and ggpubr ® *. Data distribution was evaluated and the data was analysed using
descriptive statistics of frequency **. Proportions had 95% confidence intervals (95 % CI) calculated.
Median and interquartile range (IQR) were reported for non-normally distributed data. IQR was computed
using continuous sample quantile type 8 ®. Size measurements were analysed separately for medial and
lateral branches because of the established medial-lateral size difference . Periligamentar tissue thickness

(PLT) was reported as a proportion of branch width, as previously described *'.

6.4 Results

Actotal of 551 sales yearlings and 334 sales 2-year-olds were included. This provided 2,204 yearling
sesamoid-branch units and 1,336 2-year-old sesamoid-branch units for analysis. Among this sample were
90 horses for which radiographs and ultrasonographic images were available at both yearling and 2-year-
old sale age (paired radiographs and paired ultrasonographic images).
6.4.1 Suspensory branch fibrillar pattern

The distribution of suspensory branch fibrillar pattern grades (ultrasonographic finding) seen
concurrently in sesamoid-branch units with each level of sesamoid grade (radiological finding) is presented
in Table 6.1, separated by horse age.
6.4.2 Suspensory branch size and periligamentar tissue thickness

The ultrasonographical measurements for branch CSA, width and PLT as a proportion of branch
width are presented in Table 6.2 for each grade of sesamoid radiological finding, separated by age and by

medial and lateral branches.
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6.4.3 Suspensory branch hyperechoic foci
The distribution of suspensory branch hyperechoic foci grades seen concurrently with each grade

of sesamoid radiological finding in all sesamoid-branch units is presented in Table 6.3, separated by age.
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TABLE 6.1. Concurrent radiological and ultrasonographical findings for individual forelimb proximal sesamoid bone-suspensory ligament branch
units in Thoroughbred sales yearlings and 2-year-olds; showing suspensory branch fibrillar pattern grades seen ultrasonographically, with
corresponding radiological sesamoid grades present at the same time on sales repository radiographs. Row percentages refer to the proportion of
each level of ultrasonographic finding for a given sesamoid grade. Percentages are shown with 95% confidence intervals (95% CI).

Yearlings, N (%) Two-year-olds, N (%)
Grade0 Gradel Grade2 Grade3  Total Grade0 Gradel Grade2 Grade3  Total 2-year-
branch branch branch branch yearling branch branch branch branch old units
units
Grade 0 | 1578 111 14 1 1704 988 139 30 4 1161
sesamoid | 92.6% 6.5% 0.8% 0.1% 100% 85.1% 12.0% 2.6% 0.3% 100%
(91.3- (5.4- (0.5- (0.0- (82.9- (10.2- (1.8- (0.1-
93.8%) 7.8%) 1.4%) 0.4%) 87.0%) 14.0%) 3.7%) 0.9%)
Grade 1 | 256 40 10 0 306 71 17 12 2 102
sesamoid | 83.7% 13.1% 3.3% 0.0% 100% 69.6% 16.7% 11.8% 2.0% 100%
(79.1- (9.7- (1.8- - (60.0- (10.6- (6.8- (0.5-
87.4%) 17.3%) 6.0%) 77.8%) 25.2%) 19.6%) 7.6%)
Grade 2 | 26 22 18 4 70 4 6 6 3 19
sesamoid | 37.1% 31.4% 25.7% 5.7% 100% 21.1% 31.6% 31.6% 15.8% 100%
(26.6- (21.6- (16.8- (2.1- (7.9- (14.6- (14.6- (5.0-
49.1%) 43.3%) 37.3%) 14.4%) 45.3%) 55.5%) 55.5%) 40.0%)

Grade 3 | 6 1 7 3 17 0 2 1 3 6
sesamoid | 35.3% 5.9% 41.2% 17.6% 100% 0.0% 33.3% 16.7% 50.0% 100%
(16.4- (0.8- (20.5- (5.6- - (7.2- (1.9- (14.7-

60.3%) 33.4%) 65.5%) 43.7%) 76.3%) 67.8%) 85.3%)

Abaxial new | 25 5 3 0 33 23 4 3 1 31
bone only | 75.8% 15.2% 9.1% 0.0% 100% 74.2% 12.9% 9.7% 3.2% 100%
(58.2- (6.4- (2.9- - (55.9- (4.8- (3.1- (0.4-

87.5%) 32.0%) 25.0%) 86.7%) 30.1%) 26.5%) 20.2%)
Abaxial | 59 14 1 0 74 12 4 1 0 17
concavity | 79.7% 18.9% 1.4% 0.0% 100% 70.6% 23.5% 5.9% 0.0% 100%
only | (69.0- (11.5- (0.2- - (45.0- (8.8- (0.8- -
87.4%) 29.5%) 9.1%) 87.6%) 49.4%) 33.4%)
Column total | 1950 193 53 8 2204 1098 172 53 13 1336
sesamoid- | 88.5% 8.7% 2.4% 0.4% 100% 82.2% 12.9% 4.0% 1.0% 100%
branch units
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TABLE 6.2. Concurrent radiological and ultrasonographical findings for individual forelimb proximal sesamoid bone-suspensory ligament branch
units in Thoroughbred sales yearlings and two-year-olds; showing the median suspensory branch cross-sectional area (CSA), width and
periligamentar tissue thickness ratio (PLTr), as measured ultrasonographically, for each radiological sesamoid grade present at the same time on
sales repository radiographs. Median values are shown with interquartile range (IQR).

Yearlings
Medial Suspensory Branches Lateral Suspensory Branches

Median Median Median Total Median Median Median Total

branch CSA  branch width PLTr sesamoid- branch branch width PLTr sesamoid-

(cm?) (cm) (cm) branch units CSA (cm) (cm) branch units

from N=1102 (cm?) from N =
1102

Grade 0 1.19 1.34 7.71 785 1.11 1.22 7.35 919
sesamoid (1.13-1.26) (1.25-1.42) (6.46-9.15) (1.04-1.18) (1.13-1.30) (6.28-8.51)
Grade 1 1.23 1.35 7.66 179 1.15 1.24 7.35 127
sesamoid (1.15-1.34) (1.27-1.44) (6.51-9.67) (1.10-1.25) (1.17-1.32) (6.20-8.94)
Grade 2 1.45 1.39 7.95 46 1.32 1.35 6.94 24
sesamoid (1.24-1.69) (1.28-1.50) (5.90-10.40) (1.19-1.49) (1.20-1.38) (4.78-9.32)
Grade 3 1.46 1.44 6.27 11 1.25 1.24 7.00 6
sesamoid (1.36-1.84) (1.35-1.61) (4.55-7.96) (1.09-1.32) (1.19-1.27) (6.35-8.31)
Abaxial new | 1.21 1.34 8.68 19 1.13 1.25 6.48 14
bone only (1.14-1.32) (1.23-1.43) (6.55-11.30) (1.07-1.20) (1.22-1.31) (6.10-7.22)
Abaxial 1.21 1.37 8.96 62 1.12 1.27 6.67 12
concavity (1.18-1.30) (1.28-1.46) (7.50-10.70) (1.00-1.19) (1.10-1.36) (5.26-7.45)
only
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Medial Suspensory Branches

Two-year-olds

Lateral Suspensory Branches

Median Median Median Total Median Median Median Total
branch CSA  branch width PLTr sesamoid- branch branch width PLTr sesamoid-
(cm?) (cm) (cm) branch units CSA (cm) (cm) branch units
from N =668  (cm?) from N = 668

Grade 0 1.21 1.38 8.29 548 1.12 1.27 7.48 613

sesamoid (1.13-1.28) (1.27-1.49) (7.00-9.80) (1.05-1.20) (1.18-1.35) (6.20-8.57)

Grade 1 1.24 1.38 8.34 72 1.10 1.22 7.64 30

sesamoid (1.18-1.36) (1.24-1.51) (6.94-9.93) (1.05-1.20) (1.14-1.29) (6.90-9.92)

Grade 2 1.40 1.44 9.38 14 1.45 1.38 7.61 5

sesamoid (1.34-1.53) (1.20-1.60) (8.12-15.4) (1.26-1.67) (1.18-1.55) (6.82-9.27)

Grade 3 1.39 1.46 7.36 3 1.49 1.34 7.99 3

sesamoid (1.38-1.94) (1.44-1.76) (4.19-8.05) (1.46-1.72) (1.19-1.40) (6.72-17.3)

Abaxial new | 1.27 1.49 8.18 16 1.12 1.23 7.19 15

bone only (1.20-1.39) (1.34-1.59) (6.83-10.10) (1.05-1.19) (1.15-1.36) (5.74-7.70)

Abaxial 1.25 1.42 9.34 15 0.96 1.06 7.38 2

concavity (1.15-1.33) (1.32-1.49) (7.64-10.60) (0.95-1.04) (1.03-1.09) (6.15-9.52)

only
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TABLE 6.3. Concurrent radiological and ultrasonographical findings for individual forelimb proximal sesamoid bone-suspensory ligament branch
units in Thoroughbred sales yearlings and two-year-olds; showing suspensory branch hyperechoic foci grades seen ultrasonographically, with
corresponding radiological sesamoid grades present at the same time on sales repository radiographs. Row percentages refer to the proportion of
each level of ultrasonographic finding for a given sesamoid grade. Percentages are shown with 95% confidence intervals (95% CI).

Yearlings, N (%) Two-year-olds, N (%)

Grade 0 Grade 1 Grade 2 Total Grade 0 Grade 1 Grade 2 Total two-
hyperechoic hyperechoic hyperechoic yearling hyperechoic hyperechoic hyperechoic year-old
foci foci foci sesamoid- foci foci foci sesamoid-
branch branch
units units
Grade 0 | 1630 69 5 1704 1036 100 25 1161
sesamoid | 95.7% 4.0% 0.3% 100% 89.2% 8.6% 2.2% 100%
(94.6-96.5%)  (3.2-5.1%) (0.1-0.7%) (87.3-90.9%)  (7.1-10.4%) (1.5-3.2%)
Grade 1 | 279 26 1 306 85 16 1 102
sesamoid | 91.2% 8.5% 0.3% 100% 83.3% 15.7% 1.0% 100%
(87.4-93.9%) (5.8-12.2%) (0.0-2.3%) (74.8-89.4%)  (9.8-24.1%) (0.1-6.7%)
Grade 2 | 47 18 5 70 9 8 2 19
sesamoid | 67.1% 25.7% 7.1% 100% 47.4% 42.1% 10.5% 100%
(565.3-77.2%) (16.8-37.3%)  (3.0-16.1%) (26.3-69.4%)  (22.2-65.0%) (2.5-34.7%)
Grade 3 | 8 8 1 17 2 4 0 6
sesamoid | 47.1% 47.1% 5.9% 100% 33.3% 66.7% 0.0% 100%
(25.0-70.4%)  (25.0-70.4%) (0.8-33.4%) (7.2-76.3%) (23.7-92.8%) -
Abaxial | 28 5 0 33 27 3 1 31
new bone | 84.8% 15.2% 0.0% 100% 87.1% 9.7% 3.2% 100%
only | (68.0-93.6%) (6.4-32.0%) - (69.9-95.2%)  (3.1-26.5%) (0.4-20.2%)
Abaxial | 67 6 1 74 14 3 0 17
concavity | 90.5% 8.1% 1.4% 100% 82.4% 17.6% 0.0% 100%
only | (81.4-95.4%) (3.7-17.0%) (0.2-9.1%) (56.3-94.4%)  (5.6-43.7%) -
Column | 2059 132 13 2204 1173 134 29 1336
total | 93.4% 6.0% 0.6% 100% 87.8% 10.0% 2.2% (100.0 %)
sesamoid-
branch
units

110



TABLE 6.4. Concurrent radiological and ultrasonographical findings for individual forelimb proximal sesamoid bone-suspensory ligament branch
units in Thoroughbred sales yearlings and two-year-olds; showing sesamoid bone contour grades seen ultrasonographically at the suspensory branch
insertion, with corresponding radiological sesamoid grades present at the same time on sales repository radiographs. Row percentages refer to the
proportion of each level of ultrasonographic finding for a given sesamoid grade. Percentages are shown with 95% confidence intervals (95% CI).

Yearlings, N (%) Two-year-olds, N (%)

Grade O normal  Grade 1 Total yearling Grade O normal  Grade 1 Total two-year-
bone contour irregular bone sesamoid- bone contour irregular bone old sesamoid-
contour branch units contour branch units
Grade 0 | 1607 97 1704 1026 135 1161
sesamoid | 94.3% 5.7% 100% 88.4% 11.6% 100%
(93.1-95.3%) (4.7-6.9%) (86.4-90.1%) (9.9-13.6%)
Grade 1 | 267 39 306 78 24 102
sesamoid | 87.3% 12.7% 100% 76.5% 23.5% 100%
(83.0-90.6%) (9.4-17.0%) (67.2-83.7%) (16.3-32.8%)
Grade 2 | 36 34 70 10 9 19
sesamoid | 51.4% 48.6% 100% 52.6% 47.4% 100%
(39.8-62.9%) (37.1-60.2%) (30.6-73.7%) (26.3-69.4%)
Grade 3 | 6 11 17 1 5 6
sesamoid | 35.3% 64.7% 100% 16.7% 83.3% 100%
(16.4-60.3%) (39.7-83.6%) (1.9-67.8%) (32.2-98.1%)
Abaxial new | 25 8 33 25 6 31
bone only | 75.8% 24.2% 100% 80.6% 19.4% 100%
(58.2-87.5%) (12.5-41.8%) (62.7-91.2%) (8.8-37.3%)
Abaxial | 68 6 74 14 3 17
concavity only | 91.9% 8.1% 100% 82.4% 17.6% 100%
(83.0-96.3%) (3.7-17.0%) (56.3-94.4%) (5.6-43.7%)
Column total | 2009 195 2204 1154 182 1336
sesamoid- | 91.2% 8.8% 100% 86.4% 13.6% (100.0 %)
branch units
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6.4.4 Sesamoid bone contour

The distribution of ultrasonographically visible sesamoid bone contour irregularity at the
suspensory branch insertion is presented in Table 6.4, for each grade of sesamoid radiological finding in all
sesamoid-branch units, separated by age.
6.4.5 Sesamoid fragments

There were 5 yearling and 6 two-year-old sesamoid-branch units that had an abaxial sesamoid
fragment. Nine of the 11 fragments were from medial sesamoids. No consistent pattern of change was seen
in the adjacent suspensory branch, with ultrasonographic appearances ranging from within normal limits to
substantial branch enlargement and Grade >2 fibrillar lesions. The majority of sesamoids with fragments (8
of 11) did not have bone surface irregularity reported on ultrasound. 3 of 11 branches had Grade 1
hyperechoic foci visible on ultrasound and 1 had a visible Grade 2 hyperechoic focus consistent with an
avulsion fragment. Two had very low PLT relative to branch width (4.4-4.5%), indicating branch
enlargement without increased periligamentar tissue thickness. Two had high PLT relative to branch width

(12.8-14.5%) indicative of periligamentar fibrosis.

6.5 Discussion

The existence of radiological sesamoid change and concurrent ultrasonographical change in the
adjacent suspensory branch has been examined at Thoroughbred sales for the first time. The results indicate
that sesamoids with substantial radiological change have a high prevalence of adjacent branch change. It
was uncommon to find moderate or severe branch change accompanying sesamoids that have radiological
findings that are now considered acceptable **. One important exception to this appears to be Grade 1
vascular channels in 2-year-old medial forelimb sesamoids, where a clinically relevant proportion had
adjacent Grade >2 fibrillar branch change. Radiologically visible abaxial concavity in sesamoids had less
evidence of branch change than sesamoids with any number of enlarged vascular channels, thus a different

actiology is supported. The results have identified a radiological threshold for sesamoid appearance that
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could be used to inform when ultrasonographic examination of the adjacent branch is likely to be useful at
sales.

Overall, the prevalence of ultrasonographic branch lesions in the absence of substantial radiological
sesamoid change was very low. Of all yearling sesamoids that had Grade <1 vascular channels, 1 sesamoid
out of 2,010 had an adjacent Grade 3 fibrillar branch lesion (0.05%). The occurrence of Grade 2 branch
change adjacent to yearling Grade <1 vascular channels was also low; with 0.8% of Grade 0 vascular
channels having an adjacent Grade 2 branch and 3% of Grade 1 vascular channels having an adjacent Grade
2 branch. No yearling Grade 1 vascular channels had an adjacent Grade 3 branch lesion. The analysis of
racing performance associated with yearling sales radiological findings concluded that Grade <1 vascular
channels are an acceptable finding at sales and the results of the present study support this conclusion for
yearlings **. For 2-year-old sesamoids that had Grade <1 vascular channels, 6 sesamoids out of 1,263 had
an adjacent Grade 3 branch (0.5%). The occurrence of Grade >2 branch change adjacent to 2-year-old Grade
0 vascular channels was low at 3%, including 0.3% Grade 3 branches. It has been established that many
Grade 1 vascular channels seen in yearlings have resolved by 2 years of age ** but when a single enlarged
vascular channel persisted or developed in 2-year-olds, the occurrence of adjacent Grade >2 branch change
was higher than in yearlings, at 13.8%. It is important to note that by location this prevalence was 17% for
medial Grade 1 sesamoids in 2-year-olds and 6.7% for lateral Grade 1 sesamoids. Seventeen percent equates
to 1 in 6 horses so the authors consider this a clinically important prevalence medially.

The presence of substantial concurrent branch change rose considerably for forelimb sesamoids
with 2 or more enlarged vascular channels (Grade >2). One third (31%) of yearling sesamoids with Grade
2 vascular channels had adjacent Grade >2 branch change. Almost two thirds (59%) of yearling sesamoids
with Grade 3 vascular channels had adjacent Grade >2 branches, including 18% that were Grade 3 lesions.
In 2-year-olds, the proportions were even greater; almost half (47%) of Grade 2 vascular channels had

adjacent Grade >2 branch change and two thirds (67%) of Grade 3 vascular channels had the same.
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A study examining sesamoid findings and the development of clinical branch injury prior to first
race found that 45% of case sesamoids (13/29) had one or more enlarged vascular channels and concluded
that the presence of any number of enlarged vascular channels afforded 4.6 times the odds of developing
injury in the adjacent branch ». Further investigation of non-sales yearlings in early training found that the
presence of 1-3 enlarged vascular channels had 5.1 times the odds of there being grade >2 fibrillar change
in the adjacent branch **. However, not all such sesamoid-branch units developed clinical injury and it
remained difficult to predict which individuals with subclinical changes would progress to clinical disease.
The authors noted that “it is probable that a subset of horses exist with mild sesamoid change and mild
branch change that never demonstrate signs of clinical injury” and recommended further studies using larger
populations. The results of the present study help to refine the implication that any number of enlarged
vascular channels are problematic and direct the focus of ultrasonography towards sesamoids with Grade
>2 vascular channels. Twenty years ago, the foundational sales radiology work of Spike-Pierce et al *
concluded that their “results seemed to suggest that the number of enlarged vascular channels indicates a
progressive increase in pathological change and, while tolerable in some instances, it is not acceptable once
a certain degree of pathological change is reached”. Following the development of a refined sesamoid
grading scale and recent work on associations with racing performance, the results of the present study
suggest that this threshold lies between Grade <1 and Grade >2 vascular channels in yearlings **%*. The
same threshold could be applied to 2-year-olds with the exception of Grade 1 vascular channels in medial
forelimb sesamoids.

The presence of hyperechoic foci that cause acoustic shadowing within a branch (Grade 2
hyperechoic foci) has been associated with reduced future racing performance . The proportion of
sesamoids with Grade <1 vascular channels that had adjacent Grade 2 hyperechoic foci was less than 1%
for yearlings and 2% 2-year-olds. Similar to the results for fibrillar branch change, this proportion rose

considerably when two or more enlarged vascular channels were present; to 7% for yearling Grade >2

vascular channels and 8% for 2-year-old Grade >2 vascular channels. Although the overall prevalence of
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hyperechoic foci was much lower than the prevalence of fibrillar branch change, rates of concurrence of
this finding also appear to lie either side of a threshold between Grade <1 and Grade >2 vascular channels.

Ultrasonographic evidence of sesamoid bone surface irregularity at the branch insertion had a
stepwise progression between each grade of vascular channel appearance. This was consistent across both
ages. The proportions of sesamoids with an ultrasonographically irregular insertional bone surface for
vascular channel grades 0,1,2 and 3 in yearlings were 6%, 13%, 49% and 65%, respectively. For 2-year-
olds, the proportions were 12%, 24%, 47% and 83%, respectively. It is worth noting that the sesamoid
grading scale prioritises enlarged vascular channels over abaxial contour change, so that any sesamoid with
enlarged channel(s) is graded from 1-3 irrespective of radiologically evident abaxial new bone **. Even
Grade 0 sesamoids (no enlarged vascular channels and no abaxial contour change on radiographs) had
irregular bone surface identified on ultrasound for 6% of yearling sesamoids and 12% of 2-year-old
sesamoids. This is likely because ultrasonography is more sensitive than radiography at detecting subtle
bone surface changes. Interestingly, only 24% of sesamoids with abaxial new bone identified radiologically
had an irregular bone surface seen at the branch insertion on ultrasound. For 2-year-olds, this figure was
similar at 19%. It is important not to overinterpret ultrasonographically irregular bone at sales because only
radiologically evident abaxial new bone has been shown to have a significant negative impact on racing
performance %,

Fewer sesamoids with abaxial concavity identified on radiographs had concurrent change in the
insertional bone surface on ultrasound than did sesamoids with any number of enlarged vascular channels.
The rates of concurrent fibrillar change were also low; only 1 yearling sesamoid with abaxial concavity had
Grade 2 fibrillar change and none had Grade 3. Likewise, only 1 2-year-old sesamoid with abaxial concavity
had a Grade 2 branch and none were Grade 3. This supports the suggestion by Spike-Pierce and Bramlage

[ *® that radiological abaxial concavity in sesamoids, in the absence of enlarged

22 and Peat, Kawcak et a
vascular channels, has a different actiology and should not be regarded as an indicator of insertional branch

desmopathy. The anatomical mid-abaxial location of the radiolucency that creates the concave abaxial

contour on radiographs matches the site of radiological sesamoid change that is seen in cases of injury to
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the palmar annular ligament (PAL) insertion . The PAL, together with the intersesamoidean ligament,
balances the high dorsal traction induced by the suspensory branches on the abaxial surface of the sesamoids
during MCPJ extension, thereby counteracting the tendency of the sesamoids to move in a dorsal and
abaxial direction under fetlock extension during weightbearing, particularly at high speed ™. The PAL
insertion was not examined ultrasonographically in this study *. However, no evidence of reduced
performance associated with abaxial concavity was found in sales yearlings and the majority were no longer
evident by 2 years of age **, suggesting that the radiological appearance may reflect previous PAL strain as
a foal or weanling that has since resolved. Ultrasonography or magnetic resonance imaging (MRI), and
ideally histological examination, of affected horses prior to yearling age would be necessary to confirm or
refute this theory.

It has been proposed that radiological sesamoid change is a marker for previous injury and
represents inflammatory change due to damage to the attached suspensory branch incurred as a weanling

67 The findings of the present study and its two related studies **¢

propose an alternative theory for Grade
1 change in sesamoids and suspensory branches. Both a singular enlarged vascular channel in yearling
sesamoids (Grade 1 vascular channels) and a mild indistinct region of hypoechogenicity in 2-year-old
branches (Grade 1 fibrillar pattern) were associated with increased racing performance outcomes, higher
than those of their Grade 0 counterparts **%*. Furthermore, the present study has shown that 97% of yearling
Grade 1 sesamoids have concurrent Grade <1 fibrillar change. It may be that low grade change at this age
reflects adaptation to biomechanical loads that appears to confer a performance advantage. Strictly
speaking, the term adaptive change infers a structural advantage and without histological evaluation this
cannot be proven %,

It is a limitation of this study that clinical examinations were not performed in conjunction with
imaging. Horses were considered to be free of clinical signs by nature of being deemed suitable for
presentation at sale and participating in a timed gallop (breeze) for 2-year-olds. However, clinical signs

associated with suspensory branch injury vary in intensity and lameness can be a transient and unreliable

feature *'**. No inference can be made from the imaging findings alone about the status of any inflammatory
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process that may have occurred or be occurring at the sesamoid-branch enthesis. Radiological sesamoid
changes are known to persist after the resolution of clinical disease ® and ultrasonographic branch
abnormalities can likewise persist beyond the return to clinical normality *'. Further study using fused
PET/CT images "*’' would assist with investigating the physiologically active component at sales age and
MRI may enhance understanding of concurrent sesamoid-branch findings ">. Histological investigation
remains the gold standard for identifying inflammatory and structural tissue change . An additional
limitation of this study is the exclusion of hindlimbs as it became impractical to scan hindlimbs in large
numbers during presale ultrasonography ©.

The results of this study are clinically relevant as practical recommendations can be given for
ultrasonography at Thoroughbred sales, when combined with recently published analyses of racing
performance that provide perspective as to the significance of the findings ****. The results are presented
objectively so that veterinarians can provide tailored advice to clients based on individual risk tolerance
and intended use. The information will aid veterinarians’ and clients’ understanding of the relative merits
of adding ultrasonographic examination to prepurchase decision making for each grade of repository
radiological findings. In some instances, a horse’s expected sale value or an individual buyer’s level of risk
tolerance may warrant the collection of further imaging information irrespective of radiological findings.
However, from the results of this study, a suggested approach that would generally be acceptable for all but
the most risk averse would be to ultrasound the adjacent branch for any forelimb sesamoids with Grade 2
or Grade 3 vascular channels or abaxial new bone only in yearlings. In 2-year-olds, the same is
recommended, plus include any medial forelimb sesamoids with Grade 1 vascular channels. This equates
to ultrasonography of 6% of all yearling forelimb suspensory branches at sales and 9.8% of all 2-year-old
forelimb suspensory branches, based on published prevalence *. The incidence of clinical branch injury in
the first year of race training has been reported at 9.5-10% 3. Therefore, this suggested approach may
enable detection of the horses that are most at risk of developing branch injury post-sale. Importantly, 94%
of all yearling forelimb sesamoids at sales and 90% of all 2-year-old forelimb sesamoids should not require

adjacent suspensory branch ultrasonography on the basis of these results.
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6.6 Conclusions

The existence of concurrent findings in the proximal sesamoid bones and adjacent suspensory
ligament branches in yearling and 2-year-old Thoroughbred sales horses has been established. The minority
of sesamoids with substantial radiological change have a high prevalence of adjacent branch change.
Recommendations have been made for selective branch ultrasonography on the basis of sesamoid
radiological appearance. Based on a generally accepted level of risk tolerance, 94% of all yearling and 90%
of all 2-year-old forelimb sesamoids should not require branch ultrasonography, as it would be unlikely to
yield information that changes either the sale value, the racing prognosis, or the clinical management of the
horse. Branch ultrasonography is recommended when a specific 10% of 2-year-old forelimb sesamoids are
identified at sale. Individual circumstances in certain cases may warrant ultrasonography outside of these

recommendations.

118



CHAPTER 7 — CONCLUSIONS

The research contained in the preceding chapters addresses current issues in the presale diagnostic
imaging of Thoroughbred horses worldwide. The new scientific evidence presented here was produced by
the largest imaging study of sales horses to-date and enables an understanding of radiological and
ultrasonographical changes in the medial femoral condyles (MFCs), proximal sesamoid bones (sesamoids)
and suspensory ligament branches (suspensory branches) of young Thoroughbreds that was previously not
possible. Evidence-based determinations of the importance, or otherwise, of the various grades of findings
seen in the MFCs, sesamoids and suspensory branches of yearlings and 2-year-olds have been provided.
Many findings can be regarded as an acceptable appearance at a certain age and, for those that are associated
with reduced performance, sales decisions can be made based on quantitative evaluations of risk that are in
the best interests of the horse.

In enrolling 2,508 sales yearlings, the research aims of objectively evaluating radiological and
ultrasonographical findings in the MFCs, sesamoids and suspensory branches of a large number of yearling
and 2-year-old sales Thoroughbreds and collecting performance data to the end of the 4-year-old racing
season were met. The range and prevalence of MFC, sesamoid and suspensory branch findings, the nature
of their changing appearance between sales, and the significance of certain findings to future racing
performance are now known.

Grade 1 subchondral lucencies (SCLs) were the most common MFC finding in yearling and 2-year-
old sales horses. The majority of yearling Grade 1 MFC SCLs resolved or remained unchanged by 2-year-
old sales. Approximately 20% of yearling Grade 1 MFC SCLs progressed to a Grade 2 deeper, dome-shaped
lucency. It was possible for Grade 2 and 3 MFC SCLs to improve one grade in appearance between sales.
Fewer sales yearlings with a Grade 3 MFC SCL raced, though in affected yearlings that did race there was
no evidence of reduced performance. The small sample of horses that presented at a 2-year-old sale with a

Grade 3 MFC SCL all raced successfully. Axial MFC lucencies did not affect racing performance.
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A new grading scale for the evaluation of sesamoid radiological findings in the horse was developed
and its application in this research has established its utility for future use by equine veterinarians. The new
system assigns a numerical grade for vascular channel appearance that matches the number of enlarged
vascular channels evident in a given sesamoid. Abaxial contour changes, when present in sesamoids that
have no enlarged vascular channels (Grade 0), are noted separately as either abaxial new bone or abaxial
concavity. Fragments are also noted and interpreted separately. It is recommended that use of the term
“sesamoiditis” be discontinued in the presale radiology of clinically normal horses and replaced with a
vascular channel grade for each sesamoid and an abaxial contour descriptor if needed.

Nearly 20% of yearling sesamoids were found to have one or more enlarged vascular channels
(Grades 1-3). No association with reduced performance was found for Grade 1 or Grade 2 vascular
channels. Yearlings were significantly less likely to progress to racing if they had Grade 3 vascular channels
in forelimb sesamoids, abaxial new bone on forelimb sesamoids, or apical or abaxial fragments off forelimb
sesamoids. Among horses that did race, those with forelimb Grade 3 vascular channels had fewer starts,
those with hindlimb Grade 3 vascular channels had a 54-day delayed start to their racing careers, and those
with abaxial new bone on forelimb sesamoids had lower total earnings and earnings per start.

Abaxial concavity was predominantly a finding of yearling medial forelimb sesamoids, usually
resolving by 2-year-old sales and with no evidence of reduced performance. Ultrasonography findings
support a separate aetiology for sesamoid abaxial concavity that does not primarily involve the suspensory
branch insertion.

Reference values specific to young Thoroughbreds have been established for suspensory branch
ultrasonography. Mild changes in the suspensory branches are common and should not be overinterpreted
in presale examinations. Grade 1 fibrillar branch change should be regarded as an acceptable appearance in
sales yearlings and 2-year-olds. No associations with reduced performance were found for Grade 1 or Grade
2 branch fibrillar pattern. However, approximately one third of yearling Grade 2 branches progressed to a

Grade 3 branch lesion. Grade 3 branch lesions had a clinically important reduction in the likelihood of
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racing and the class of racing performance achieved. Evidence of enlarged branch width and Grade 2
hyperechoic foci at 2-year-old sales constituted a risk to racing performance.

The prevalence of concurrent radiological and ultrasonographical findings in the sesamoid and the
insertional region of the adjacent suspensory branch has been established. The minority of sesamoids with
substantial radiological change have a high prevalence of adjacent branch change. One third of yearling
sesamoids with Grade 2 vascular channels had adjacent Grade >2 branch change and almost two thirds of
yearling sesamoids with Grade 3 vascular channels had adjacent Grade >2 branches. More so in 2-year-
olds, almost half of Grade 2 vascular channels had adjacent Grade >2 branch change and two thirds of
Grade 3 vascular channels had the same.

Recommendations have been made for selective branch ultrasonography on the basis of sesamoid
radiological appearance. Based on a generally accepted level of risk tolerance, 94% of all yearling forelimb
sesamoids and 90% of all 2-year-old forelimb sesamoids should not require branch ultrasonography, as it
would be unlikely to yield information that changes either the sale value, the racing prognosis, or the clinical
management of the horse. Branch ultrasonography is recommended for any forelimb sesamoids with Grade
2 or Grade 3 vascular channels or abaxial new bone only. Fewer than 3% of yearling sesamoids with Grade
<1 vascular channels had an adjacent Grade >2 suspensory branch, therefore routine branch
ultrasonography adjacent to Grade 1 vascular channels is not warranted in yearlings. Many Grade 1 vascular
channels seen in yearlings have resolved by 2-year-old sales but when a single enlarged vascular channel
persisted or developed in 2-year-olds, the occurrence of adjacent Grade >2 branch change was higher,
especially medially. Therefore, in 2-year-olds, branch ultrasonography is also recommended for any medial
forelimb sesamoids with Grade 1 vascular channels. This suggested approach may enable detection of the
10% of horses that are most at risk of developing branch injury post-sale. Individual circumstances
surrounding certain sales horses may warrant ultrasonography outside of these recommendations.

The study samples were large and were representative of the population of interest at Thoroughbred

sales. The main limitation of this research is that it may underestimate the prevalence of severe lesions in
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non-sale horses. The study design could not address exclusions prior to sale, particularly with regard to
withdrawals between yearling and 2-year-old sales due to the development of clinical disease. The results
are directly applicable to presale imaging in Thoroughbreds prepared for public auction and deemed fit to
be entered for sale.

The success of this work rests heavily on the widespread uptake by Thoroughbred consignors,
breeders and trainers; in their willingness to enrol their horses in the study and their support of the work
through word-of-mouth conversation and worldwide industry discussion. Public support and funding from
the sales companies and significant donations from private individuals highlighted the need within the
Thoroughbred industry to address the research questions. Now, the subsequent dissemination of the results
to veterinarians and the wider Thoroughbred industry internationally is the next step in achieving an
improved collective understanding of these presale imaging findings. It is critical to differentiate findings
that have been shown to carry an increased likelihood of detrimental associations with racing performance
or clinical injury from the range of findings that can now be considered insignificant within the normal
population of sales horses. This will allow presale diagnostic imaging to function as intended, to increase
confidence in decision making regarding bloodstock purchases and, above all, to benefit the animal through
decisions appropriately tailored to an individual’s findings.

Ultimately, it is hoped that the results of this research will prove clinically useful and will assist the

veterinarian’s role in the management and care of the athletic horse.
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APPENDIX 1 - SALES COMPANY LETTER TO YEARLING CONSIGNORS WITH STUDY

PARTICIPATION CONSENT FORM

Keeneland Association, Inc.
4201 Versailles Road
Lexington, KY 40510

P.O. Box 1690

Lexington, KY 40588-1690

859 254-3412 Tel. September 24, 2016
800 456-3412
859 288-4347 Fax
www.keeneland.com
Dear

As many of you have heard at the most recent CBA meeting, a group of equine
veterinary researchers led by Drs. Wayne Mcllwraith, Chris Kawcak, and Frances Peat,
together with Dr. Jeff Berk, through Colorado State University Orthopaedic Research
Center, have developed a protocol to do a radiographic and ultrasonographic study
focused on the questions of sesamoiditis and its relationship to suspensory branch
problems as well as a radiographic study evaluating lucencies in the medial femoral
condyle of the stifle. The study is planned to begin at the Keeneland September
Yearling Sale, and, subject to the consent of the owners of the horses at the time,
these hotses will have follow-up at the Two Year-Olds in Training Sales in 2017 and
then again at the end of their three year-old racing season. The protocol for this study
has been reviewed by other people experienced in such studies, namely Drs. Larry
Bramlage, Debbie Spike-Pierce, Jonathan Mclellan and Sarah Plevin.

After much discussion, the originally proposed protocol was modified so that all
ultrasound examinations will be performed on farms prior to shipping to the sale,
subject to the consignor’s permission. Radiographs will be read both during and
following the sale. All radiographic and ultrasonographic examinations will be done in
in 2 manner to preserve confidentiality, and the results will not be shared with
consignors or buyers.

This study will be the largest of its kind, and we believe it will yield information that
will be extremely useful to those involved in the sales process. The data from the
study will aid veterinarians in providing their buying and selling clients with a more
accurate assessment of the significance of these findings. With the cooperation of the
sales companies, consignors, owners and veterinarians, this study stands to
significantly benefit all involved.
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We at Keeneland support this study by Colorado State University Orthopaedic
Research Center. If you agree for the horses in your consignment to be included in
the study, please indicate your consent on the attached form, and return the signed
document where indicated.

Sincerely,

Bill Thomason
CEO

Geoffrey Russell
Director of Sales

Wayne Mcllwraith
BVSc, PhD, DSc, FRCVS, Diplomate ACVS, Diplomate ACVSMR

Chris Kawcak
DVM, PhD, Diplomate ACVS, Diplomate ACVSMR

Frances Peat
BVSc, PGCertSc

Jeffrey Berk
VMD
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gt
< = The undersigned, on behalf of itself and the owner(s) of horses n its
- consignment, agrees for the horses in the undersigned’s consignment
to be a part of the Colorado State University Orthopaedic Rescarch
Center Study and hereby grants permission to view the radiographs of
all yearlings in the undersigned’s Keeneland 2016 September Sale
consignment.

The undersigned, on behalf of itself and the owner(s) of horses in its
consignment, agrees for the horses in the undersigned’s consignment
to be a part of the Colorado State University Orthopaedic Rescarch
Center Study, and hereby grants permission to Colorado State
University, or its agents, to ultrasound scan all yearlings in the
undersigned’s consignment at the farm where the yearlings are located,

prior to shipment to Keencland for the September Sale.
e

Consignor:

Address:

Please return the signed document to: (- W /
-

Jesse Ullery
Keeneland Sales
P.0. Box 1690, Lexington, KY 40588-1690
FAX: (859) 233-2257

Or scan and email: jullery@keencland.com
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APPENDIX 2 — SALES COMPANY LETTER TO 2-YEAR-OLD CONSIGNORS WITH STUDY

PARTICIPATION CONSENT FORM

Dear Two Year Old Consignors,

The Colorado State University Orthopaedic Research Center is conducting a study
focused on the questions of sesamoiditis and its relationship to suspensory branch
problems as well as a radiographic study evaluating lucencies in the medial femoral
condyle of the stifle. Led by Drs. Wayne Mcllwraith, Chris Kawcak, and Frances Peat,
together with Dr. Jeff Berk , the study began with yearlings at the 2016 Keeneland
September Yearling Sale subject to the consent of the owners of the horses at the time.
These horses with the consent of consignors/owners, will have follow-up at the Two
Year-Olds in Training Sales in 2017 and then again at the end of their three year-old
racing season. The protocol for this study has been reviewed by other people
experienced in such studies, namely Drs. Larry Bramlage, Debbie Spike-Pierce, Jonathan
McLellan and Sarah Plevin.

The protocol for horses in the study is such that all ultrasound examinations will be
performed on training centers prior to shipping to the sale, subject to the consignor’s
permission. Radiographs will be read following the sale. All radiographic and
ultrasonographic examinations will be done in in a manner to preserve confidentiality,
and the results will not be shared with consignors or buyers.

This study will be the largest of its kind, and we believe it will yield information that will
be extremely useful to those involved in the sales process. The data from the study will
aid veterinarians in providing their buying and selling clients with a more accurate
assessment of the significance of these findings. With the cooperation of the sales
companies, consignors, owners and veterinarians, this study stands to significantly
benefit all involved.

Fasig Tipton supports this study by Colorado State University Orthopaedic Research
Center. If you agree for the selected horses in your consignment to be included in the
study, please indicate your consent on the attached form, and return the signed document
where indicated. A schedule is attached that lists the horses in the study that are in your
consignment.

Sincerely,

Boyd Browning, Jr.
President

Bayne Welker, Jr.
Vice President of Sales

Wayne Mcllwraith
BVSc, PhD, DSc¢, FRCVS, Diplomate ACVS, Diplomate ACVSMR

Chris Kawcak
DVM, PhD, Diplomate ACVS, Diplomate ACVSMR

Frances Peat
BVSc, PGCertSc

Jeffrey Berk
VMD
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Consignor:

Address:

The undersigned, on behalf of itself and the owner(s) of horses in its
consignment, agrees for the horses in the undersigned’s consignment to be
a part of the Colorado State University Orthopaedic Research Center
Study and hereby grants permission to view the radiographs of the
selected two year olds in the undersigned’s 2017 Fasig Tipton Selected
Two Old Sale at Gulfstream Park.

The undersigned, on behalf of itself and the owner(s) of horses in its
consignment, agrees for the horses in the undersigned’s consignment to be
a part of the Colorado State University Orthopaedic Research Center
Study, and hereby grants permission to Colorado State University, or its
agents, to ultrasound scan two year olds in the undersigned’s consignment
at the training center where the selected two year olds are located, prior to

sthlfsm Park fWig Tipton two year old sale.

Please return the signed document to:

Terri Newcombe
Fasig Tipton Co.
2400 Newtown Pike, Lexington, KY 40511
FAX: (859) 254-0794
Or scan and email: tnewcombe(@ fasigtipton.com
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APPENDIX 3 - FRAMEWORK FOR THE COLLECTION OF FOLLOW-UP INFORMATION WHEN

SPEAKING WITH CONNECTIONS OF HORSES THAT DID NOT START AT LEAST ONE RACE

BY THE END OF THEIR 4-YEAR-OLD RACING SEASON

1. Confirm that the horse never started a race in USA or overseas

No race start

2. Reason for not racing:

. v

Performance-related Unrelated to performance

. ;

Different intended use Unexpected event
e.g. breeding only or non- e.g. colic, paddock accident,
racing discipline systemic illness

3. If performance-related:

; ! ; !

Non-musculoskeletal Non-specific
e.g. respiratory/cardiac e.g. “just slow”/behavioural

Lameness Unknown

4. If lameness issue:

. I I l

Fetlock Stifle Other Unknown

]

5. If fetlock or stifle:

. . . . .

Sesamoid Bone Suspensory Ligament Femoral Cyst or Defect Other Unknown

6. Level of diagnostic accuracy:

. . .

Veterinary diagnosis including diagnostic work-up Veterinary diagnosis Suspicion only/
and/or radiographs/ultrasound at exam via clinical signs alone unconfirmed
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APPENDIX 4 - FLOW CHART SUMMARISING YEARLING RECRUITMENT FOR STUDY
INCLUSION FROM THE 2016 KEENELAND SEPTEMBER YEARLING SALE IN LEXINGTON,

KENTUCKY, USA

Horses catalogued for the 2016

ithdrawn

Keeneland September Yearling
Sale (n=4479)

\

from sale

Repository

radiographs, NG ’

Excluded due to no
repository radiographs
(n=702)

Yes

'

Yearlings entered for sale with
repository radiographs (n = 3777)

consent

Yes 74%

'

Yearlings with research consent
granted (n=2795)

Consent form not
received (n=982)

available

Radiographs unavailable
for download (n=287)

Yes 90%

'

Yearlings included in the study
(n=2508)

138



APPENDIX 5 - FLOW CHART SUMMARISING 2-YEAR-OLD RECRUITMENT FOR STUDY
INCLUSION FROM FIVE MAJOR 2017 2-YEAR-OLD SALES IN FLORIDA AND MARYLAND,

USA

H ith h ¢ Not entered in one of five
orses with research consen - major two-year-old sales

granted as yearlings (n=2795) (n=2190)

\

Subsequently entered in one of
the following two-year-old sales:
2017 Fasig-Tipton Gulfstream
2017 Fasig-Tipton Midlantic
2017 OBS March, Spring & June
(n=605)

Two-year-old consent form not

consent received (n=132)

Yes 78%

'

Eligible two-year-olds with
research consent granted
(n=473)

Radiographs unavailable for
download (n=37)

Yes 92%

Two-year-olds included in the
study (n=436)
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