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ABSTRACT OF THESIS

THE RELATIONSHIP BETWEEN RADIOGRAPHIC CHANGES AND

PERFORMANCE OUTCOME IN QUARTER HORSE CUTTING HORSES

Reason for Performing the Sudy

Radiographic repositories are become increasingly popular in neutligtiplines
as a screening tool prior to sale. However, the importance aathegraphic findings
must be objectively assessed relative to potential significAlbéde studies have been
done to correlate survey radiographic findings with performance outcames
Thoroughbreds, no such published study exists in Quarter Horsespapais serves as
part two of a study examining the relationship between radiographitges in survey
radiographs relative to objective performance outcomes in Quarter Horse cuttiag. hor

The goal of this study is to better clarify the potential significancadbgraphic
changes on repository radiographs relative to performance. Thisrninwill allow
veterinarians and their clients to make more objective, informedsidesi prior to
purchase about the potential implications of various radiographic changes.
Methods

Radiographic changes of 436 Quarter Horses, which were quantitigpr@vious
paper (Continoet al 2009), were compared to objective performance outcome
parameters. The parameters were: 1) likelihood of competihigeliood of earning

money as a three year old, four year old and as a three and fowlgemmbined, 3)



average amount of money earned as a three year old, four year alsl aticree and four
year old combined. Mailed questionnaires and phone calls to ownersset hbat did
not earn money were used to try to determine why the horse had no recorded earnings.
Results

When the tarsometatarsal (TMT) and distal intertarsal (D@ipts were
examined together, the presence of mild (grade 2) osteophytes, whitbcaff8®o of the
horses, was associated with reduced chance of competing, earomgy @mnd mean
money earned. Very mild and mild osteophytes of the third andatdatsal bone
assessed individually at the level of the TMT and DIT also had some sigh#itacts in
multiple performance outcome categories. The presence of rimgkef the dorsal
cortex of the hind second phalanx as well as osteophytes as #tisrtiowas associated
with an increased likelihood of earning money. Several other paitgnsignificant
findings are reported but affect a relatively small number ohthirees included in the
study. Radiographic changes of the medial femoral condyle ofttite \8ere not
significantly associated with performance outcome.
Conclusions

Many radiographic changes were not found to be significantly iassdowith
performance outcome. However, some mild changes were associdltedeareased
performance. In addition, some radiographic changes were cedelath improved
performance outcome. The findings of this study can be usedptodterinarians make
more objective assessments of survey radiographic findingstpreale. This research
helps lay the groundwork for further investigations of the signiGeaof survey

radiographic findings in individual breeds and disciplines.
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CHAPTER 1

Radiographic Sales Repositories and Existing Research

Radiographic repositories have long been included as standard practioe
racing Thoroughbred yearling sales (Kagteal. 2003a, Hance and Morehead 2000).
Additionally, while standardized radiographic repositories are degsmon outside the
racing Thoroughbred industry, radiographs are commonly availablMdwing prior to
sales in other equine disciplines. The goal of these pre-adilegraphs is to provide
information about current orthopaedic status as well as attempt poedetive of the
development of future orthopaedic disease (Bladon and Main 2003). Radiograph
repositories differ from pre-purchase radiographs in that repositgeieerally contain a
required set of views and are performed on young horses thoubhbtftee of disease
(Kaneet al. 2003a, Martiret al 2003), whereas pre-purchase radiographs are included as
part of a more complete clinical workup and targeted at specdasaf concern which
may affect performance in the individual horse (Van Hoognmeteal 2003, Mitchell
2009).

There has been research dedicated to determining the prevataward et al.

1992, Oliveret al 2008) and, more importantly, clinical significance (Coleeal 2006,
Jacksoret al 2009, Kaneet al. 2003a, 2003b, Spike-Pierce and Bramlage, 2003) of pre-
sale radiographic findings in Thoroughbred yearlings. Standardbreersrbtive also

been the focus of multiple studies attempting to correlate pre-racing @athagfindings



with racing performance (Alvarado 1989, Couroucé-Malbletral 2006, Géndahl and
Engeland 1995, Jorgensesh al 1997, Robertet al 2006). However, the clinical
significance of findings in young racing Thoroughbreds and Standardlisedst
necessarily comparable as different breeds and disciplines tenéfé¢o from distinctive
types of orthopaedic pathology (Pool 1996). For example, racing THdrmds are
prone to pathologic change in the carpi and fetlocks; therefore,rdggsas are the most
frequently included in sales radiographs (Howetrdl. 1992, Kaneet al. 2003a). On the
other hand, Western performance horses are more commonly affticted feet, tarsi
and stifles (Carter 2009, Dabareiretral 2005a, 2005b, Jackman 2001). In order for
veterinarians to more accurately predict future performandedanelopment of disease,
the clinical significance of radiographic findings of young horsestbér breeds and
disciplines must be explored.

Although, as stated above, the majority of previous research involving
radiographic repositories or the use of pre-sale radiographs ar@lctiutcome has been
focused on racehorses, there has been a growing demand for studidsahiother
disciplines. In particular, the Western performance industry h@agngsignificantly in
recent years. Subjective papers (Black 1999, Carter 2009) have bsentpd regarding
pre-purchase examinations of Western performance horses; dadearet al (2005a,
2005b) have published research examining radiographic abnormalitidanagidess in
barrel horses and roping horses. Although most Western performanses hame
typically Quarter Horses, their individual disciplines cancffae types of stresses they

undergo and the clinical significance of various radiographic find{@gter 2009,



Jackman 2001). Therefore, the demand exists to study more spksufiglines within
the category of Quarter Horses and Western performance horses.

With this focus on specific disciplines in mind, the first lasgale study of
prevalence of radiographic lesions in Quarter Horse cuttingeowwas undertaken by
Contino et al (2009). The authors reported on the prevalence of changes found on
repository radiographs of 458 yearling and two-year old cuttingebor3he findings of
that study form the framework for the follow-up study that Vo presented here,

comparing the radiographic findings to performance outcomes.

Specific Radiographic Findings
Stifle

Including complete and incomplete studies, the stifles (99.1%) tireremost
commonly included joints in the repository series examined by Cor@®], reflecting
one of the greatest areas of interest of pathologic changegashof this discipline. In
order to be included in the analysis, a stifle study was retjtireontain a caudal 10
proximal-cranial (CC) to be complete, and many also containeaudoc30 lateral-
craniomedial oblique (CdL-CrMO). This is in contrast to the stbglyKaneet al
(2003a), in which merely 57% of the studies contained stifle reajppg and included
only a LM view. A CC, CdL-CrMO or flexed LM is necessdoythoroughly evaluate
the MFC, as the condyles are superimposed on the standing LMfotteerthe lack of
inclusion of the CC or oblique view as well as the low overall ssbiom of stifle
radiographs in the repositories examined by Ketna (2003a)reflected the decreased

focus of the racing Thoroughbred industry on pathologic change ofrtiedgbial joint



relative to other joints. Although since the time of that studgiSpeayuidelines for the
Keeneland Thoroughbred repository have been put in place that require bbthand
CdL-CrMO to be included, the femoraotibial joint still generakgeives less emphasis in

the racing industry than it does in the Western performance horse industry.

Femorotibial Joint

Changes to the MFC were the most frequent finding in the analy<i®ntinoet
al (2009), with 41.4% of horses having some degree of change in at ledshlon€&he
grading system used by the researchers was as followsad& @r represented a normal
MFC, which is continuously convex in contour; grade 1 described a flattened contour but
no radiographic evidence of changes in the subchondral bone; grade &enhdic
subchondral bone sclerosis and/or defects in the subchondral bone that dikkmadtadix
the way through the subchondral bone plate; grade 3 applied to déf@cextended
through the subchondral bone such as wide, shallow subchondral lucencaeke 4gr
described a well defined round or oval radiolucent area in the middieed¥IFC that
extended to and communicated with the femoraotibial joint. Of tleetaifl horses, 51.6%
had bilateral lesions. Overall, 21.6% horses had flattening of &#@,8.1% had a grade
2 lesion that did not extend through subchondral bone, 6.6% had a grade t3 defec
extending through subchondral bone and 5.1% had a grade 4 well-defined SBC.

The radiographic repository study of 2401 Australian racehors@adkgoret al
(2009) reported osseous cyst-like lesions in the MFC of 5.6% of horsewevelr the
classification system used in that study was different, witlp tmb categories assigned

to changes of the MFC: one for lesions >6mm in depth, and or@&riom. Only 21 out



of 2401 horses (0.9%) had lesions which were >6mm. Horses withdesidhe MFC
>6mm were less likely to start a race as 2 and 3 yeareoltipared to horses with no
lesion.

Cohenet al (2006) reported SBCs of the MFC on 18 horses in their study of the
repository findings of 348 Texas Thoroughbred yearlings. That work showe
significant association between performance outcomes and peeska cystic lesion of
the MFC. However, there was no reported quantification of thea$ilee SBC or a
grading scheme mentioned for MFC defects.

Previous work focused on SBCs of the MFC does report a potentdedozased
performance associated with the presence of these lesispscialy when treated
conservatively. In a study of 51 horses with unilateral or bilagals of the MFC, 42
(82%) of the horses partially or completely improved following satgiarettage of the
cysts (Whiteet al 1988).0f the horses that improved with surgery, many had previously
been rested with little to no success, leading the authors to memminsurgery in cases
where three months of rest did not yield improvement. Work done by ldatal
(1995) found a 74% success rate in horses treated with arthrosoogttage of SBCA
study of surgical curettage of 85 cases of SBCs found thaaféemed the chance of
success of surgical debridement, with a success rate of f6é#rses< 3 years old and
only 34% in horses older than 3 years of age (Satigh 2005). The size of the articular
cartilage defect associated with an SBC can also affecbrogt, with lesions greater than
15 mm having been shown to decrease the likelihood of starting anrdberoughbred

racehorses (Sandleral 2002).



Wallis et al (2008) described 52 cases of SBCs that had been treated with
arthroscopic injection in the fibrous tissue lining. The grading sehesad in that study
was modified from the work of Howard al (1995) and differs from that used by
Continoet al (2009). The grading was as follows: Type 1 were <10 mm in depth an
dome shaped; Type 2A lesions were >10 mm in depth and describedi@sp @t
mushroom shaped with a narrow cloaca and cystic lucency; Typesiih$ were >10
mm in depth with a large domed lucency extending to wide artisut&éace defect; Type
3 lesions were flattening or small defects in the subchondral bgpe; & lesions had a
lucency in the MFC with or without an articular defect, but widhapparent cloaca in the
subchondral bone. The results reported by Waelled (2008) were that 67% of horses
successfully worked at their intended use, and 77% were sound, but estardyg
performing in their intended athletic use. Significant factioas improved the likelihood
of success included surgeon, multiple injection sites, shorter tifoddw-up and return
to exercise, lack of pre-operative osteophytes and unilatsiahte Unlike the findings
of Smith et al (2005), age did not affect outcome. Although it was not statistically

significant, cutting horses did have a less successful outcome (55%) than dgeaver

Femoropatellar Joint

Changes in the femoropatellar joint (FPJ) were relatively unammmthe study
of Contino (2009). Out of the 433 horses in which the FPJ could be assesget#} onl
horses had radiographic changes. Lesions of the lateral troddigar(LTR) were the
most common finding, affecting 10 (2.3%) horses. Of these 10, fiadgterfithe LTR

affected 3 horses (0.7%) and the other 7 (1.6%) had a fragment anictasisdefect in



this location. Only 1 horse had a lesion of the medial trochldge fMTR). This is
consistent with previous reports of the LTR being much more frequafflicted with

osteochondritis dessicans (OCD) than the MTR (Blevins and Widmer 18i2D\diet al.

1992, Matrtinelli and Rantanen 2002).

In a study of femoropatellar OCD in 161 horses that underwent arbipiosc
surgery, Thoroughbreds were more commonly affected (51%) than wereiQdarses
(24%) (Folandet al. 1992). The reported radiographic prevalence of femoropatellar
OCD in Thoroughbreds has varied from 11% (13 of 120) to 4.3% (2 of 47) (McIntosh
and Mcllwraith 1993, Howardkt al. 1992). Kaneet al. (2003a) reported that of 660
Thoroughbred yearlings, 38 (5.7%) had changes in the LTR includingnilagt defects
or fragments. LTR changes were found in 3.8% (91 of 2401) of Thoroughbyeds b
Jacksonet al (2009). A similar prevalence of LTR lesions (4.3%, 15 of 348) in
Thoroughbreds was reported by Coleeal (2006).

When comparing radiographic repository findings to performance outcomes,
Jacksoret al (2009) found that horses with a mild femoropatellar OCD lesiom{2Gor
less in length) took longer to make their first start by an geeoh 66 days and were less
likely to place two or more times (OR 0.48). Conversely, Cadeh (2006) found no
significant association between number of starts, earningsles gace and abnormal
radiographic findings of the femoral trochlear ridges.

Good surgical outcomes have been reported for horses that haval digics of
femoropatellar OCD. Folandt al (1992) reported that of 134 horses with follow-up
information available, 86 (64%) returned to their intended use and aoadbb (7%)

were in training. The chance of a successful outcome wasnno#ideby the size of the



lesion. Horses with lesions < 2 cm were significantly mdeelyito be successful than
those with larger lesions. In a study of 24 horses, including 9 Thioboeds and 8
Quarter Horses, the clinical signs of all horses improved imnsdgidollowing
arthroscopy, and of the 21 horses with follow-up, 13 (61.9%) were perfqriming

training for, their intended use (Mcllwraith and Martin 1985).

Tarsus

In the Quarter Horse radiographic repository examined by Corid@o], tarsi
were the most commonly included region after stifles, withogrdiphs available for
95.6% of the horses. Like the high rate of inclusion of stiflekerrépository, the large
percentage of horses with tarsal radiographs reflects himatis a particular area of
concern in the Western performance horse (Carter 2009, Dabaasteaie?005a, 2005b,
Jackman 2001). Further indication of the emphasis on tarsal patholagige in the
Quarter Horse is that a full set of four views of the tavgas required in the repository
examined by Contino (2009). In contrast, the Keeneland Thoroughbred gearlin
repository only requires three views of the tarsus, and excludeBLRABIO from its

criteria.

Tarsocrural Joint

The most common finding in the tarsocrural joint recorded by Co(2iD@9) was
flattening of the MTR of the talus, which affected 54 (12.3%) hoidewever, this is a
normal variant and not pathologic change, and thus is not considered clinicallicargnif

(Becht and Park 2000, Butletral. 2008).



Change to the distal intermediate ridge of the tibia (DIRT$ e pathologic
change most commonly detected by Contino (2009) in the tarsocruralgfietdting 38
of 438 (8.7%) of horses. This rate is lower than has been reportdtbinughbreds.
Kane et al. (2003a) found that out of 1101 Thoroughbred yearlings, 48 (4.4%) had a
concavity or fragment of the DIRT. An even lower prevalenc®I&T lesions was
found by Howardet al. (1992), with 13 out of 710 (1.8%) yearling Thoroughbreds
affected. In contrast, Warmbloods tend to be more frequently tedfethan
Thoroughbreds or Quarter Horses. In a study of Dutch Warmbloodsgt @ik (1999)
found the prevalence of DIRT OCD to be 18% of 43 horses. Similadgpéi (1984)
found DIRT OCD in 15% of 27 clinically normal Swedish Warmbloodke prevalence
of DIRT OCD in Standardbred trotters was reported by Carétain(1993) to be 10.4%,
which is similar to what Contino (2009) in Quarter Horses.

The reported clinical effect of OCD of the DIRT is variabMeither Coheret al
(2006) nor Jacksoet al (2009) found an association of DIRT lesions found on repository
radiographs and performance outcomes in Thoroughbred racehorses. &jKkeanget
al (2003b) also found no significant differences in chances of statirage, placings,
money earned or earnings per start between Thoroughbred yegaslitig tarsocrural
OCD and those without. It is not uncommon for horses with DIRT lesionsatve
tarsocrural joint effusion and yet not necessarily be lame. Istudy of 114
Standardbreds with OCD in the DIRT, 82 (72%) were reported to hesectaral joint
effusion but only 49 (43%) were lame in the affected limb (Leinad 1993); lameness
was more common in horses of training or racing age. When repamirtarsocrural

OCD associated with clinical signs, Mcllwraghal (1991) found that articular cartilage



degeneration or erosion found at arthroscopy was associated witheasscprognosis,
whereas lesion size and resolution of effusion did not influence progriEfision
associated with lesions affecting the DIRT resolved mowréetly than lesions in the
lateral trochlear ridge (LTR) or medial malleolus (MM). QamHorse racehorses had a
lower percentage of successful outcomes (60%) than Quarter Hagedsfor other

disciplines (87.5%).

Distal Tarsal Joints

The presence of osteophytes was the most common finding in thetatistes in
the study by Contino (2009), affecting 201 out of 438 (45.8%) horses andilatezal
in 67 (33%). Osteophytes were graded on a scale of 1-4, from matyte large; 79
(18%) horses had grade 1, 82 (18.7%) had grade 2, 31 (7.1%) had grade 3 and 9 (2.1%
had grade 4 osteophytes. Proximodorsal MTIIl was the most coraoation for tarsal
osteophytes (100, 22.8%).  Similarly, Jacksbal (2009) reported osteophytes most
frequently affecting the tarsometatarsal joint (TMT) in \iegrThoroughbreds at a rate
of 35.4% (849 of 2401). This is a higher prevalence than what has beaauply
reported in Thoroughbred yearlings. Kage al (2003a) reported osteophytes or
enthesophytes in the distal tarsal joints of 193 of 1101 (17.5%) horseldpasald et al
(1992) found osteophytes in only 16 of 710 (2.3%) TMT joints in Thoroughbred
yearlings.

Contino (2009) reported lysis of the distal tarsal bones as themosttfrequent
finding in the tarsus, with 76 (17.3%) horses affected. By severit{.2%) horses had

grade 1, 35 (8%) had grade 2, 13 (3%) had grade 3 lysis, and no harggadea4 lysis.
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The proximal aspect of third tarsal bone was the most commordgtedf site (46,
10.5%). Sclerosis was recorded in 29 (6.6%) horses; the majoritieofeaf horses had
grade 1 (25, 86.2%) sclerosis; grade 2 and 3 sclerosis affé¢tEHi3%) and 1 (3.4%)
horses, respectively. In Thoroughbred yearlings, Kiak (2003a) reported that 80 out
of 1101 (7.3%) had subchondral lucency in the DIT or TMT joint. The Thoroadhbr
repository study by Jacksahal (2009) reported solely on osteophytes as changes in the
distal tarsal joints, and Cohetal (2006) did not discuss distal tarsal changes. A study
of 214 multiple breed horses conducted by Van Hoognebedl (2003) demonstrated
very subtle bony remodeling, classified as grade 1, in the proxmealarsal joint (PIT),
distal intertarsal joint (DIT), and TMT joints in 10.4%, 45.8% and 50.4%pectively.
Mild to moderate periarticular osteophyte production and mild subcholydrsl(grade
2) was recorded in 3.8% and 15.6% of DIT and TMT joints respecti@tgde 3
changes, such as marked periarticular osteophyte production, subchscidrakis,
cystic lucencies and joint space narrowing or fusion was found in &84T and 4.5%
of TMT joints.

Lameness due to distal tarsal pain is commonly reported in Wegsteiormance
horses (Jackman 2001, Dabareiner 2005a, 2005b). However, there is soeadsy
reported between radiographic abnormalities of the distalltgogds and clinical
findings. In a retrospective study of prepurchase exams, Vagrimexdet al. (2003)
found that there was not a significant correlation between thegraghhic abnormalities
of the tarsus and soundness, although horses with mild changemuarerdikely to be
sound than those horses with severe changes. Byam-Cook and Singerdpo@ey on

91 horses with a history of lameness. The severity of radiographitge in the distal
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tarsal joints was not correlated with duration or degree of lareedsere was, however,
a significant relationship between response to treatment anditgeveradiographic
changes in the TMT, but not the DIT, with less radiographicaktlyere lesions
responding better. Kanet al. (2003b) found that yearling Thoroughbreds with
osteophytes or enthesophytes in the DIT or TMT joints stargpufisantly (p=0.03)
fewer races than yearlings without these radiographic changeent$-six percent of
193 horses with DIT or TMT osteophytes started a race compar88%oof horses
without this finding. Conversely, Jackseinal (2009) found no effect of the presence of
distal tarsal osteophytes on performance outcomes of yearling Tirareals, including

time from sale to first race, chance of starting, number of starts, pdacingarnings.

M etatar so/metacar pophalangeal joint (Fetlock)
Proximal Sagittal Ridge of the Third Metacarpal/tarsal Bone

Contino (2009) found that the proximal sagittal ridge (SR) was thet mos
commonly affected site in both the hind and fore fetlocks. Out of 355shfmsevhich
hind fetlock radiographs were available, 54 (15.2%) horses haghflagtof the proximal
SR or distal dorsal aspect of the third metatarsal bone (MR#1Y3.9%) had a lucency
or dissecting lesion and 1 (0.3%) had a loose fragment. Foorthdetlocks, 361 horses
had radiographs available for interpretation. Of these, 54 (15%)shibesechanges of
the distal dorsal aspect of the third metacarpal bone (MGitl)pgoximal SR. Flattening
of the sagittal ridge was recorded in 37 (10.3%), 14 (3.9%) horses lnadrey and 3

(0.8%) had a fragment.
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The rate of lucency and fragmentation of the proximal SRshglstly higher in
the Quarter Horses than was seen by Ketnal. (2003a) in Thoroughbred yearlings.
Kaneet al (2003a) found that of 1102 horses with hind fetlock radiographs, 18 (1.7%)
had a lucency and 16 (1.5%) had fragments or loose bodies associatelstait dorsal
MTIII or proximal SR. Out of 1127 vyearling Thoroughbreds with foetlock
radiographs, 22 (2%) had a lucency and 9 (0.8%) had a fragmeotisar body in this
region. A study of 2401 Thoroughbreds reported a much higher rate osi®Rslewith
890 (37.1%) of horses affected in the fore fetlock and 159 (7.5%) of hofsetedfin
the hind fetlock (Jacksomet al 2009). However, SR lesions were not divided into
proximal SR/dorsal distal MCIII/MTIII and distal SR as whme by Kanet al (2003a),
making a direct comparison difficult. Jackssral (2009) did report fragments of MCIII
in 6 (0.4%) horses. Cohetal (2006) found an irregular margin, flattening or lucency
of the proximal sagittal ridge of the fore and hind fetlocks in 1@%%/106) of
Thoroughbred yearlings and fragments in 3 (2.8%). Howteal(1992) reported that 76
of 1018 (7.5%) fore fetlocks and 8 of 700 (1.6%) hind fetlocks had OCD lesions of dorsal
distal MClll/proximal sagittal ridge.

A grading scheme for proximal SR OCD was developed by Malwrand
Vorhees (1990): Type I: flattening or defect; Type II: flaitgy or defect with associated
fragmentation; Type llI: flattening or defect with or withowhgmentation and one or
more loose bodies. The authors reported that the prognosis for gpens is good
(80%) with conservative management. For type Il and Il lesionsptbgnosis is
poorer, with only 52% of 42 horses experiencing a successful outcomaedition, type

Il and Ill lesions can affect a horse’'s chance of being sold. a Isurvey of 38
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veterinarians, 19 (50%) would not recommend purchase of a horse wdth Igtasions
and 28 (74%) would not for horses with grade 1l lesions (Mcllwraith\amthees 1990).
When comparing Texas Thoroughbred yearlings with radiographic proxsfal
abnormalities to outcome, Cohehal (2006) found that while there was no significant
association between presence of lesions and performance, thera wigsificant
association between proximal SR abnormalities and sales pgticeses with lesions of
the proximal SR sold for significantly less (median price $5,500) tioases without that
particular lesion (median price $9,100) and horses with no abnormalgraplhic
findings (median price $9,700). Jacksenal (2009) found that defects greater than
10mm in length in the SR of MTIII were associated with decckéikelihood of starting

a race, fewer starts, decreased chance of earning moneysardtéd prize money than
unaffected horses. When abnormalities of the proximal SR on reposidiggraphs
were compared to performance outcomes of 1162 Thoroughbred yearlings;etatiocor
between number of starts or earnings and the presence or absemdesmh in this

location was found (Kanet al 2003b).

Fragmentation of Proximodorsal First Phalanx

Fragments of the dorsal aspect of the first phalanx (P19 wedatively rare in the
fore and hind fetlocks of Quarter Horse cutting horses, with 5 of B8%{ and 4 of 361
(1.1%) affected respectively (Contino 2009). This is similar tot\Wwha been reported in
the fore fetlocks of Thoroughbred yearlings. Howatrddl (1992) reported dorsal P1
fragments the fore fetlocks of 12 of 1018 (1.2%) Thoroughbred yearlind¥aneet al

(2003a) found 18 of 1127 (1.6%) Thoroughbred yearlings affected. An even lower
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prevalence was found by Jacksaral (2009), with fragmentation of fore dorsal P1 seen
in 18 of 2401 (0.7%) Thoroughbred yearlings, and similarly, Cehah(2006) reported
only 3 of 348 (0.9%) Texas yearling Thoroughbreds affected. Highes hatve been
reported in the fore fetlocks of Standardbred trotters, with 36 of ZB3%0]) yearlings
affected (Grondahl 1992).

Prevalence of P1 fragments in hind fetlocks is generally highBnoroughbreds
than what Contino (2009) reported in Quarter Horses. Both Hoetaald (1992) and
Kane et al (2003a) reported similar prevalence in hind fetlocks of Thoroughbred
yearlings, with 24 of 700 (3.4%) and 36 of 1102 (3.3%) affected respectifedlightly
lower prevalence of 53 of 2401 (2.2%) was reported in Australian otligbbred
yearlings (Jacksod al 2009). Likewise, 2.0% (7 of 348) Texas Thoroughbred yearlings
had radiographic evidence of dorsal P1 fragments in the hind fetlock (Eodle2006).

In racehorses, surgical removal of dorsal P1 fragmenteasnmmended and
generally results in a good outcome (Bramlage 2009). Yovich anbivMih (1986)
found that following arthroscopic removal of dorsal P1 fragments, @1of 46 horses
for which follow-up information was available) returned to racinghatsame or higher
level. Similarly, Kawcak and Mcllwraith (1994) found that fetlockhewscopy for
treatment of dorsal P1 fragments was successful in 73% of 286 ,hanse€oloret al
(2000) reported a success rate of 82% in 461 Thoroughbreds. Dorsal fragmeritR1
in the hind fetlock in Thoroughbred yearlings was associated with decrdeddgobbd of
starting a race as a two or three year old (Kenal 2003b). The fact that surgical

removal of P1 fragments in the fore fetlocks of young racehorsanisnonly performed
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could have affected these findings, as many horses may have undetbooscapy in

the time before follow-up data were collected.

Fragmentation of Palmar/Plantar First Phalanx

Palmar and plantar P1 fragments have been categorized ireth&ulie as Type |
and Type Il (Foerneet al 1987). Type |, or axial, fragments are more commonly
reported. Type Il fragments are much less frequently disdusdee literature. For the
purposes of this study, unless stated otherwise, the palmar/gdnfeagments that are
discussed are Type | fragments.

Contino (2009) found only one Quarter Horse of 361 (0.3%) had a palmar P1
fragment in the fore fetlock. Like the findings of Contino (2009) uaer Horses,
palmar P1 fragments are also reported at a low rate in Thoroaghl®ait of 2401
Australian Thoroughbred yearlings, 9 (0.4%) had palmar P1 fragméstkspnet al
2009). Other repository studies showed similar low prevalence ofap& fragments
in the fore fetlocks of Thoroughbred yearlings: Kael (2003a) reported 5 of 1127
(0.5%) affected; Howardt al (1992) found 1 of 1018 (0.1%); and Cohetral (2006)
reported 1 of 348 (0.3%) affected.

Plantar P1 fragments were found in the hind fetlocks of 8 of 355 (2.3%)gcut
horses (Contino 2009). Plantar P1 fragments have also been reportedceasomoron
than palmar P1 fragments in Thoroughbreds. Katra (2003a) found that 65 of 1102
(5.9%) of yearling Thoroughbreds were affected. A similar peexa was found in
Australian Thoroughbred yearlings, with 6.1% (150 of 2401) (Jaclscad 2009).

Slightly lower rates in Thoroughbred yearling were found by Hdwebaal (1992) with
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14 of 700 (2%) affected, and by Cohenal (2006) with 10 of 348 (2.9%) affected.
Plantar P1 fragments are more common in Standardbred trottels,awieported

prevalence of 89 of 753 (11.8%) in a radiographic survey of Standardbrdohgsea
(Grondahl 1992).

Type | palmar/plantar P1 fragments frequently don’t cause éxialineness, but
may result in decreased performance or preference for tiee [®ad. Lameness can
develop when the horse is in strenuous training or if the fragmerdmbdarge enough
to interfere with the mechanics of the joint (Foerseml 1987, Barclayet al 1987,
Mcllwraith 1993, Bramlage 2009). The severity of response to flexmohdzgree of
joint distention and inflammation varies (Foereeal 1987, Mcllwraith 1993, Whitton
and Kannegieter 1994, Bramlage 2009)

If Type | fragments are found incidentally on radiographs, thegemerally no
indication for treatment (Mcllwraith 1993). In horses whose perdoice is affected by
the presence of a fragment, arthroscopic removal of Type méat is generally an
effective treatment (Bramlage 2009). In a study of arthroscoprooval of
palmar/plantar P1 fragments, 63% (55 of 87) of racehorses returmexditat the same
level. Outcome was affected by the degree of concurrent pgtbahange in the joint,
with 10 of 32 (31%) of unsuccessful horses suffering articularlagetidamage and/or
synovial proliferation. The nine non-racehorses in the study hadcafiest outcome,
with 100% return to pre-surgical levels of work (Forgeal 1995). Good outcome for
arthroscopic removal of palmar/plantar P1 fragements was repoytadfhiiiton and
Kannegieter (1994), with 16 of 21 (76%) of horses returning to racing, 1¢hich

performed at a higher level then pre-operatively.
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Palmar Supracondylar Lysis

Of 361 horses for which there were fore fetlock radiographs, @or{2009)
found that 47 (13.3%) had radiographic evidence of palmar supracongbia(RSCL).

Of those affected, 36 (76.6%) were classified as mild, 9 (19.1%)caerate, and 2
(4.3%) as severe. Kang al (2003a) found a lower prevalence in Thoroughbred
yearlings, with 30 of 1127 (2.7%) reported to have mild PSCL, and 24 (2dl%@ve
moderate to severe PSCL. An even lower prevalence was e@piort Australian
Thoroughbred yearlings, with only 2 of 2401 (0.1%) affected. Inragmgéctive study of
340 fetlock radiographs of 262 horses, Haysted (1982) found that mild, moderate and
severe PSCL in 142 (41.7%), 92 (27.1%) and 39 (11.5%) of horses redgeciihes is

a much higher prevalence than is reported in the aforementiotiednaphic repository
studies, which is likely due to the fact that many of the hongge radiographed due to
suspected fetlock joint disease.

Hayneset al (1982) found that of their clinical population, Thoroughbreds were at
greater risk of PSCL than Quarter Horses. This was atdbtdg the fact that racing
Thoroughbreds have comparatively more rigorous training schedulesyesig longer
distance competitions and undergo high velocity lead changes compatezl Quarter
Horse population examined by the investigators. Thoroughbred yeaslittgshoderate
to severe PSCL have been shown to be significantly less likatyrildly or unaffected

horses to start a race as 2- and 3- year-olds (Kaal€2003a).

Carpus
Carpal radiographs were available for 342 Quarter Horses ingbsitary study

by Contino (2009). Twelve (3.5%) horses had osteophytes, 5 (41.7%) of whieh wer
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bilaterally affected. Of the 18 total carpal osteophytes, 11 (§1viéte located on the
dorsodistal aspect of the radial carpal bone, 5 (27.8%) were on the rdaist aspect

of the intermediate carpal bone, and 1 (5.6%) was located on each toeistals
intermediate carpal bone and dorsoproximal radial carpal bone. OfHgrbughbred
yearlings, Howardt al (1992) reported osteophytes affected the intermediate carpal bone
in 3 (0.3%), the radial carpal bone in 2 (0.2%) and the third carpalibdh€0.2%) of
horses. Kaneet al (2003a) found carpal osteophytes in 19 of 1130 (1.9%) of
Thoroughbred yearlings. Out of 2401 Australian yearling racehorg (3.3%) were
reported to have carpal osteophytes (Jacksah2009). Neither Kanet al (2003b) nor
Jacksoret al (2009) found an association between the presence of carpal oste@pitytes

reduced performance

Summary

Radiographic repositories have become an accepted practice inadimg r
industry, and are now being utilized by other disciplines. WIhiée repositories are
advantageous to the potential buyer, their usefulness is limigethd amount of
substantiated research demonstrating the clinical significahaarious radiographic
findings. To date, there are a limited number of studies compauinvgys yearling
radiographs to performance outcome in racehorses, and none exist ftar Glaases.
Due to the large amount of variability in types of radiographesiohs and
musculoskeletal injuries sustained by horses of different breetditierent disciplines,
the findings in racing Thoroughbreds cannot be directly applied sefa@f other breeds

and uses. Therefore, breed and discipline specific research entearto improve the
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predictive accuracy of radiographic repositories. The aim sfstioidy is to correlate the
radiographic changes in Quarter Horse cutting horses reportedritm@et al (2009) to

objective performance outcome.
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CHAPTER 2

Materials and Methods

Included Horses

Continoet al (2009) described the radiographic findings in repository radiographs
of 458 yearling and two-year old Quarter Horse cutting horses. iogtaghs were
obtained from two sources: the Western Bloodstock radiograph repdbiébmyas used
at National Cutting Horse Association (NCHA) sales in 2005 and 2006framdiron
Rose Ranch, a privately owned cutting horse farm in Carbondalea@olotncluded in
the study were stifles (454 horses), tarsi (438 horses), hiratKet(355 horses), fore
fetlocks (361 horses) and carpi (342 horses).

Of the 458 horses in the study by Contetal (2009), 436 are included in the
follow-up data analysis. Of the included horses, 75 were born in 20038veréIborn in
2004 and 220 were from the 2005 foal crop. Twenty horses that were born ih&D06
radiographs described by Contiebal (2009) but were not used in this study as all
included horses were required to have follow-up data through the ehdiofaur-year
old year. Follow-up information was unavailable for the two othesdwthat were

included in the work of Continet al (2009) but not in this study.
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Required Radiographic Projections

In order for radiographs to be entered into the Western Bloodstocktozppa
minimum number of views per joint was mandated. For the fetlockateaal and
dorsopalmar (DP) view were required, with the horse standing ackdl to allow
visualization of the distal phalanges as well. A single tietateral view of the carpus
was required. The tarsal views included a DP, lateral, dorsalpi@maromedial
oblique (DLPMO), and dorsomedial-palmarolateral oblique (DMPLO),thadequired
stifle projections were a cranio-caudal (CC) and a caudal 8@ilatraniomedial oblique.
In their radiographic analysis, Contisbal (2009) excluded fetlocks without a LM view,
stifles without a CC view, and tarsi without a DMPLO and astléree views. If an
abnormality was questionable due to poor radiographic positioning loridee, it was
assigned a lower grade, and, likewise, if an anatomic area ootiltbe sufficiently

evaluated, a grade was not assigned.

Follow-up Parameters
Follow-up data were obtained via performance records obtained froMChHI&

as well as mailed questionnaires and phone calls to owners. Quparanmeters were as
follows: 1) did the horse earn money in a cutting competition, ya®®r If so, how
much? 2) Did the horse compete in a cutting competition, yes or ntfzh8)horse did
not compete, why not? Earnings were calculated from recoodgdpd by the NCHA,
and the amount of money earned in the three year old and four yegeaskl was
recorded. Earnings data for NCHA sanctioned events through thaf &émel four year-

old year were available for all horses included in the study. afFdrorses that did not
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earn money, attempts were made to contact the owner via phone amailed
guestionnaires to find out why not. Some horses had competed but didmatesey.
Reasons for not competing included lameness, non-lameness melatikchl reasons
(such as colic surgery), lack of talent, trained for other use, or still mrtgai

With a few exceptions, radiographic changes that affectedHass5% of horses
in the study by Continet al were not included in the current follow-up analysis due to
the prospect of a lack of meaningful data. In some cases, howevegeshaith a
prevalence less than 5% were included, due to the particular tlintegest in the
radiographic abnormality. In such cases, only frequency analysipaeviormed as there
was not a sufficient number of horses affected to allow éaswnable analysis of
statistical significance. For the rest of the included radiglgc lesions, complete
statistical analysis performed. When evaluating the adsmtibetween radiographic
lesions and outcome parameters, lesions were generally examanadually, with the
exception of several combined lesions in the distal tarsus. MNstistd analysis was
performed of combined lesions in multiple different joints; howevee, effect of
bilateral versus unilateral lesions was examined. The followiegngluded lesions as
described by Continet al.
Lesions of the Stifle

Within the stifle, the presence of changes of the medial f@ncondyle (MFC)
and lateral trochlear ridge (LTR) were included in the amaly$he grading system used
by Continoet al to describe changes of the MFC was as follows: A grader@sented a
normal MFC, which is continuously convex in contour; grade 1 descrilftdtened

contour but no radiographic evidence of changes in the subchondral bones 2grad
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indicated subchondral bone sclerosis and/or defects in the subchondral bahé tit
extend all the way through the subchondral bone plate; grade 3dapplaefects that
extended through the subchondral bone such as wide, shallow subchondral lucencies;
grade 4 described a well defined round or oval radiolucent area inddeeraf the MFC
that extended to and communicated with the femorotibial joint (EijurBecause grade
1 changes of the MFC are considered by some to be a normaitytreachanges of the
MFC were also analyzed with grade 1 changes classifidd gvade 0 as normal. The
LTR was grades on a scale of 1-3. Grade 1 representedifigitgrade 2 a concavity
without a fragment, and grade 3 a fragment with an associated bone defect.
Lesions of the Tarsus

Included lesions of tarsocrural joint were changes of thel dideamediate ridge
of the tibia (DIRT). Lesions of the DIRT were graded on aesoéll to 3, with grade 1
representing flattening, grade 2 a defect, and grade 3 a separate osggonastfr

Within the distal tarsus, the presence of osteophytes, lystdevosis of the distal
tarsal bones, both by location and highest grade was examined. Additichal
combined effect of osteophytes and lysis and osteophytes and isatdribe distal tarsal
bones was analyzed. Osteophytes were ranked from 0-4, corresponding,toangne
small, small, medium and large (Figure 2). Lysis and sclemsis also graded on a
scale of 0-4, ranging from none to severe. Malformation ofttind &and central tarsal

bones, which was graded on a scale of 0-2, was also included.
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Lesions of the Fetlock

In the hind fetlock, presence of dorsal and plantar first phalanx (&dménts
and changes to the sagittal ridge of MTIII were examined.thénfore fetlock, the
presence of dorsal P1 fragments, changes in the sagittged of MCIIl, palmar
supracondylar lysis of MCIIl and osteophytes of the proximalnsegh bones were
included in the analysis. Fragments were categorized asnpr@sabsent. Changes to
the sagittal ridge of MC/MTIII were assigned a graderlsfaooth flattening, grade 2 for
a radiolucent defect, and grade 3 for a defect and associatgdefraation. Palmar
supracondylar lysis was categorized as mild, moderate or severe.

Osteophytes of both fore and hind second phalanges (P2) were exaasiness
thickening of the dorsal cortex of the hind P2 (Figure 3). The dexfréhickening was
graded as mild, moderate or severe. If the dorsal border wgslar, a minimum of a
grade 2 was applied.

Lesions of the Carpus
The only lesion of the carpus included in the analysis was thenpes#

osteophytes, graded present or absent.

Data Analysis

Data was analyzed using Statistical Analysis SysteBAS(9.2) software.
Logistic regression analysis (PROC GENMOD) was perfdrmaen the outcome
variable was binary to generate odds-ratios and 95% confidencealateryncluded in

this analysis was the probability of competing based on the gfddsion, probability of
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competing based on bilateral versus unilateral lesions, and probabiigrning money
as a three year old, four year old, and three and four year old years combined.

A linear regression analysis was used to evaluate the contivaonakle outcome
of amount of money earned as a three year old, four year old anchtitréeur year old
years combined. The data were normalized using a logl0 tramsionm Type 3 p-
values were generated to examine the overall group effectvidadi p-values and 95%
confidence intervals were generated to examine the significaraeinflividual grade of
lesion relative to no lesion. For both logistic and linear regyasanalysis, a cut-off p-

value of 0.05 was used to determine statistical significance.
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Figure 1. Caudocranial radiographic views of the femorotibial joint. Uppér TEhe
contour of the medial femoral condyle (MFC) is flat (GradeUpper right: There is a
small defect in the articular surface, but it does not extewdighrthe subchondral bone
plate (Grade 2). Lower left: A shallow, crescent-shaped lucemtgnds through the
subchondral bone in the MFC (Grade 3). Lower right: A well definedisrixral bone
cyst that communicates with the articular surface is seen in the Mie@€@). (Courtesy
of Erin Contino).
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il % Wi
Figure 2. Tarsal osteophytes. Upper left: A very small (grade l1¢optyte can be seen
extending from the lateral aspect of central tarsal bo@? ifito the distal intertarsal (DIT) joint.
Upper right: The proximal dorsal aspect of tffenSetatarsal bone (MTIII) has a small (grade 2)
osteophyte associated with the tarsometatarsal (TMT) joawer left: The distal medial aspect
of TC has a medium sized (grade 3) osteophyte extending intdTh@ibt. Lower right: There
is a large, (grade 4) osteophyte on the proximal dorsal aspBETIll associated with the TMT
joint. (Courtesy of Erin Contino).
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Figure 3: The proximal aspect of the dorsal cortex of the migdialanx (P2) is
thickened but smooth representing grade 1 dorsal P2 thickening. (Cooftdsyn
Contino).
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CHAPTER 3

Results

Various radiographic changes of the tarsus were associatbdchaéinges in
performance outcome parameters (Tables 1 — 6). No radiogrd@nges in the stifle
were significantly associated with any outcome parametdi€3& & 8). Radiographic
changes of the hind (Tables 9 & 10) and fore (Tables 11 & 12) fetloaissome
association with performance outcome, but were limited by avellasmall number of
horses affected. There was an insufficient number of horses with radiograpige<ioa

the carpus for meaningful statistical analysis (Tables 7 & 8).

Radiographic Changes Significantly Associated with Likelihood of Competing in
Cutting Competitions

While earnings data were available for all horses in theviellp analysis,
competition data could not be obtained for all horses, thus the totddemsirm this
category are lower than that of the earnings category.

Factors significantly associated with a decreased chanaengfeting were grade
3 osteophytes of the central tarsal bone of the distal irgatt@IT) joint (6 of 347
horses affected, 5 of 6 didn’t compete, OR 0.07, CI 0.01 — 0.57, p = 0.01) aled2gra
osteophytes of the third tarsal bone of the DIT (8 of 347 horsedeaffes of 8 didn'’t

compete, OR 0.19, C1 0.05 — 0.83, p = 0.03). When the highest grade ostdopthye

30



distal tarsus was a grade 2, which affected 71 out of 347 h@%Sesf, which didn’t
compete, there was also a decreased likelihood of competing (OR 0&@/G 0.91, p
= 0.02) (Table 1). Likewise, when the combination of osteophytes arrdssslef the
distal tarsal bones was examined, grade 2 lesions were significssulgiated with lower
likelihood of competing (71 of 347 horses affected, 25 of 71 didn’t cen@® 0.49, CI
0.27 — 0.89, p = 0.02) (Table 3). Sclerosis alone was not associatedesrtased

chance of competing

Radiographic Changes Significantly Associated with Likelihood of Earning Money in
Cutting Competitions
Likelihood of Earning Money as a Three Year Old

Grade 3 changes of DIRT were recorded in nine of 418 horseshich this
information was available. Of these, five horses earned monaytase year old. The
likelihood of a horse with a grade 3 DIRT lesion earning moneyeater than that of a
horse with no lesion (OR 3.97, Cl 1.04 — 115.11, p = 0.04) (Table 1). Gradey2 bon
proliferation on the dorsal cortex of the hind second phalanx, which wasieg in six
of 344 horses, was also associated with an increased likelihood aigearoney as a
three year old (2 of 4 horses didn’'t earn money, OR 7.36, Cl 1.32 — 41.18,(02F
(Table 9). No radiographic lesions were associated with cacdeed likelihood of

earning money as a three year old.
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Likelihood of Earning Money as a Four Year Old

In the tarsometatarsal joint (TMT), grade 2 osteophytebethird tarsal bone,
affecting 22 of 418 horses, 16 of which did not compete, were assbaidtie a
decreased chance of earning money as a four year old (OR 0.37, G 0.98, p =
0.04). Additionally, when the overall highest grade osteophyte affettie distal tarsus
was a grade 2, affecting 81 of 418 horses, 50 of which did not competwae lower
chance of earning money compared to horses with no recorded ostediRt@$0, Cli
0.30 — 0.84, p = 0.01) (Table 1). When the combined highest grade of osteopllytes a
sclerosis of the distal tarsal bones were examined togetherydaurold horses with
grade 1 (83 of 418 horses, 48 of 83 didn’t earn money) and grade 2 changé<181
horses affected, 51 didn't earn money), had a lower likelihood of eanmomgy (OR
0.59, CI 0.35-0.98, p=0.04 and OR 0.48, Cl 0.28-0.80, p = 0.01, respectively) (Table 3).
Highest grade of sclerosis alone, however, did not affect a &aurofd horse’s chance of
earning money.

Two different radiographic changes of hind P2 were associatbdawiincreased
likelihood of earning money as a four year old: Grade 1 thickerfitigeodorsal cortex
of hind P2 (38 of 344 horses affected, 12 of 38 didn’t earn money, OR 2.69, Cl 1.31 —
5.54, p = 0.01); and the presence of osteophytes on hind P2 (44 of 344 horses, 15 of 44

didn’t earn money, OR 2.40, CI 1.23 — 4.65, p = 0.01) (Table 9).
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Likelihood of Earning Money as both a Three and Four Year Old
Similar to what was seen in four year olds alone, radiographigelsahat were
associated with a decreased chance of earning money in thandrésur year old years
combined were grade 2 osteophytes affecting the third tarsaloboine TMT (22 of 418
horses, 15 of 22 didn't earn money, OR 0.38, Cl 0.15-0.95, p = 0.04), and an overall
highest grade osteophyte of the distal tarsus of grade 2 (81 of 4 tadfected, 47 of
81 didn’t earn money, OR 0.51, CI 0.31- 0.86, p = 0.01) (Table 1). Likewise, tvaen
combined highest grade of osteophytes and sclerosis of the distal bones were
examined together, grade 2 changes were associated withreasgzt likelihood of
earning money (47 of 81 didn’t earn money, OR 0.49, C1 0.29-0.83, p < 0.01) (Table 3).
Increased likelihood of earning money as a three and four yearasldsgociated
with the same factors as that of chance of earning money@ag gdar old. Grade 1
thickening of the dorsal cortex of hind P2 (38 of 344 horses, 12 of 38 didnihaney,
OR 2.26, Cl 1.10 — 4.64, p = 0.03) was significant, as well as the presehoel d?2
osteophytes (44 of 344 horses, 15 of 44 didn’'t earn money, OR 2.40, C1 1.23 — 4.65, p =

0.01) (Table 9).

Radiographic Changes Significantly Associated with Amount of Money Earned in

Cutting Competitions

Amount of Money Earned asa Three Year Old

When the highest grade of osteophyte affecting all the dastsdltbones was a

grade 2, horses were also less likely to earn as much motieeasyear olds (17 of 104
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horses, CI -0.84 — -0.10, p = 0.01). Horses with grade 2 osteophytes birthtatsal
bone affecting the DIT were significantly less likely toreas much money as horses
without osteophytes (1 of 104 horses, Cl -3.18 — -0.49, p = 0.01) (Table 4). Zrade
sclerosis of the central tarsal bone was also found to be saifil of 104 horses, CI -
3.16 — -0.48, p = 0.01) (Table 6). However, both these categories onlynedntaie
horse, resulting in little statistical value to this findinga@ 3 lysis affecting the central
tarsal bone and third tarsal bone at the DIT (3 of 104 horses, CI -16G81;p = 0.03
for both), and an overall highest grade of grade 3 lysis affecting sted tirsal bones (3
of 104, Cl -1.69 — -0.11, p = 0.03) were all significantly associated decreased
earnings (Table 5). When osteophytes and sclerosis of thetdisiad were examined
together, grade 2 changes were significant (17 of 104 horses, Cl -@8¥7-p = 0.02)
(Table 6).

Greater mean earnings as a three year old were seensies heith grade 2
thickening of hind P2 relative to horses with no changes (4 of 77 horsds6& -0.44,

p < 0.001) (Table 10).

Amount of Money Earned as a Four Year Old

The presence of grade 1 osteophytes on the central tarsal btree DIT was
associated with lower average earnings in four year old horses (13 of 203 80§84
—-0.01, p = 0.04). Grade 2 osteophytes on the proximodorsal MTIII &wbleof the
TMT were seen with decreased mean earnings (19 of 203 horses8TCH-@.10, p =

0.01) (Table 4). Lysis of the central tarsal bone at the lewbedDIT was more likely to
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be associated with reduced earnings if the horse was affaoiaterally (14 horses)
versus bilaterally (10 horses) (Cl 0.04 — 2.18, p = 0.04). Grade loly#is third tarsal

bone at the DIT was also seen with lower amounts of money e@&mé@03, Cl -1.37 —
-0.06, p = 0.03). Similarly, when the highest grade of lysis in ttaldarsus was grade

1, lower earnings were seen in four year olds (10 of 203 horse&,d®l - -0.15, p <
0.01) , and when osteophytes and lysis were examined in combination, dd¢hlg(37

of 203 horses) and grade 2 lesions (36 horses) were associated witleéonings (CI -

0.62 — -0.08, p = 0.01 and CI -0.57 — -0.02, p = 0.04, respectively) (Table 5). Another
significant radiographic finding was grade 2 palmar supracontgiar(PSCL) (5 of 163

horses, Cl -1.35 —-0.04, p = 0.04) (Table 11).

Amount of Money Earned as a Three and Four Year Old
As was seen in four year olds, grade 2 osteophytes on the proximodorsal MTIII, at

the level of the TMT also associated with decreased mean gau(@d of 224 horses, ClI
-0.81 — -0.10, p = 0.01) in the three and four year old years combinedlarSonthree

year olds, when the highest grade of osteophyte in the distal taasugrade 2, mean
earnings were lower (34 of 224 horses, Cl -0.58 — -0.00, p = 0.05) (Tabl&/Agn
osteophytes and sclerosis of the distal tarsus were examirngttidnggrade 2 changes
were significant (34 of 224, CI -0.59 — -0.01, p = 0.05) (Table 6). Lysibeoflistal

tarsal bones unilaterally affected 22 horses, and bilatetiéigted 15 horses. When lysis
within the distal tarsus was bilateral, horses were moreyltketarn money in their three

and four year old years than horses with unilateral lysis (Cl 00I7% p = 0.05) (Table
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5). Changes to the proximal sagittal ridge of MTIII, wioategorized as grade 2, were

significant (5 of 176 horses, CI -1.39 — -0.03, p = 0.04) (Table 10).

Radiographic Changes Not Associated with a Performance Outcome

No radiographic changes of the MFC of the stifle were siantly associated
with performance outcomes. This was the case both when grade deshaere
considered a lesion, and when grade 1 changes were classified asara@addied to the
grade O category. (There was very little difference betmtbe any of the MFC results
either way that grade 1 was categorized; therefore to avoid retyndidne results
reported are for when grade 1 was included as a lesion, unless otherwise noted.)

When examining changes of the MFC relative to the likelihood of cbngpe
grade 1 (OR 0.89, Cl1 0.49 —1.62, p = 0.70), grade 2 (OR 1.07, C1 0.43 — 2.63, p = 0.88)
and grade 3 (OR 0.59, C1 0.23 — 1.46, p = 0.25) were all insignificant. Wiasra trend
for horses with grade 4 lesions of the MFC to be less likelgotapete, both in the
analyses when grade 1 was included as lesion (21 of 358 horses, OR @47, €1.05,

p = 0.06) and when grade 1 changes were considered normal (OR 0.43, €0LMO&7p
=0.07). Relative to the likelihood of earning money as a three year old, four yeadold a
three and four year old, grade 1 (OR 1.37, Cl1 0.81 — 2.33, p = 0.24; OR 1.03, CI 0.64 —
1.66, p =0.90; and OR 1.10, C1 0.63 — 1.63, p = 0.96, respectively), grade 2 (OR 0.59, CI
0.23 - 1.47, p = 0.26; OR 0.60, 0.30 — 1.22, p = 0.16; and OR 0.66, Cl1 0.33 - 1.31, p =
0.23, respectively), grade 3 (OR 0.52, C1 0.17 — 1.56, p = 0.25; OR 0.67, Cl 0.30 — 1.48,
p = 0.32; and OR 0.53, Cl 0.24 — 1.17, p = 0.11 respectively) and grade 4 (ORI11.46, C

0.57-3.75,p=0.43; OR 1.24,CI 0.52 - 2.97, p = 0.63; and OR 0.98, C1 0.41 - 2.34, p =
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0.96 respectively), were all insignificant (Table 7). Simylawwhen the average amount

of money earned as a three year old, four year old and three anglefouold was
examined, no significant relationship was seen with grade 10(88 — 0.26, p = 0.75; CI
-0.38 - 0.12, p = 0.32; and CI -0.33 — -0.16, p = 0.51, respectively), grade 3J{G -
0.36, p = 0.46; CI -0.66 — 0.15, p = 0.22, and CI -0.72 — 0.05, p = 0.08, respectively),
grade 3 (CI-0.57-0.83,p=0.71; Cl -0.55-0.37, p=0.70 and CI -0.48 — 0.46, p = 0.96,
respectively) or grade 4 lesions (Cl -0.24 — 0.84, p = 0.28; CI -0.43 — 0.45, p =m@.95 a
Cl1-0.17 - 0.73, p = 0.22 respectively) (Table 8).

In the distal tarsus, neither lysis nor sclerosis alone haghdicant relationship
between the likelihood of competing or the likelihood of earning monalyl€s 2 and 3),
although, as mentioned above, both did have some significant relationstiipsate@rage
amount of money earned (Tables 5 and 6). Lysis of the third teosealat the level of the
TMT and tarsal bone malformation were not significant for angmue parameter.
However, both these categories had relatively low numbers, mddgngdults somewhat
less conclusive. In the fore fetlock, changes to the sagd@e (ISR) of MCIIlI were not
shown to be associated with performance outcome (Tables 11 and 12).

The effect of bilateral versus unilateral lesions was sasse for all included
radiographic changes. There was a trend (p = 0.06) for hordebilaieral osteophytes
(10 horses) of the third tarsal bone at the TMT to earn lessynaathree year olds and
as three and four year olds, when compared to horses that had unisierss (47
horses). There was also a trend (p = 0.08) for horses withrallasteophytes of MTIII
(17 horses) at the TMT to be more likely to compete than horshsuwitateral lesions

(65 horses). Other than the previously mentioned unilateral lydiseotentral tarsal
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bone at the DIT associated with lower average earnings as gdauold, and presence
of unilateral lysis in the distal tarsus associated with lcaverage earning of the three
and four year old years combined (when compared to horses with bilegoas), no

difference in performance outcome was seen with unilateralisdiilateral radiographic

changes.

Radiographic Changes with Insufficient Numbers with which to Draw Conclusions
Changes to the lateral trochlear ridge of the femur (8 hotaeles 7 and 8),
presence of osteophytes in the proximal intertarsal (PIT) {(om¢ horse), and carpal
osteophytes (12 horses, tables 7 and 8) all affected a verynlowber of horses.
Likewise, plantar (9 horses) and dorsal (4 horses) hind P1 fragiftebltss 9 and 10),
dorsal fore P1 fragments (2 horses), osteophytes of the proxiszahsel bones of the
fore fetlock (7 horses), and osteophytes of fore P2 (9 horsegqthbland 12), all had

insufficient data to render a meaningful statistical analysis.

Reasons for Not Competing

Of the 436 horses included in the study, 235 horses earned monethe X1
horses that did not earn money, follow up data via questionnaire or phoneasall
obtained on 127 horses (63%). Out of these 127 horses for which follow upahésrm
was available, 93 did not compete. Of those 93, lameness waptireed cause for not
competing in 22 of the horses (24%). Lameness referable to teenstd reported in six
horses, both hocks and stifles in two horses, hocks alone in two horsdsnidor

suspensory desmitis in one horse, hock pain and forelimb suspensoryisies one
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horse, hind limb suspensory desmitis in two horses, one horse had lamass®sated
with the carpus, one horse fractured a sesamoid bone in the lefeflock, shoulder
injuries were reported in two horses and one horse had reportedrobblpaain. Foot
pain was responsible for lameness in one horse, one horse was indemtaand the
cause of lameness was not determined in one horse. Otheedeprasons that horses
did not compete included: lack of talent (12 horses), medical causetated to
lameness (11 horses), used for other disciplines (22 horsesin $tdining (9 horses),
and miscellaneous other reasons such as financial limitations agreksnents with

trainers.
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Table 1: Changes of the tarsocrural joint and osteophytes of thdistal tarsus relative to
likelihood of competing and earning money. Total number of horses ithe “compete”
category is 347, for the “earn money” category is out of 418 horses

Variable Compete Earn Money 3 Y/0 Earn Money 4 ¥i0 Earn Money 3 & 4Y/0
Ho |‘|'es | OR | 95% CI |p-value| Ho |‘|'es | OR | 5% Cl |p-value| Ho |‘|'es | OR | $5% CI ||J--\ralue| Ho |‘|‘es | OR | 95% CI |p-value
% | % ] % [a ] [ [% ] [% [
Tarsus - Tarsocrural Joint
DIET Grade 0 7T 222 reference 273 | 66 reference 164 | 174 reference 166 | 183 reference
26 | 74 B[ 51 49 46 | 54
DIRT Grade 1 7 24 [119)048] 287 | 070 23 | 10 [113[053] 243 [ 075 19 | 19 |[106|054| 206 | 0487 17 | 21 |106]| 054 | 205 | 086
23 | 77 74 | 26 50 [ &0 45 | 55
DIRT Grade 2 4 6 [0s52)|014]189 | 032 9 3 [106|028] 4 043 7 5 |[076|024) 242 | 064 T 5 [0B1[ 049 | 187 | 04
- 40 | &0 73| 2 36| 42 S5 | 42
DIRT Grade3 2 5 |[087|016) 456 | 087 4 5 [357|104]1511 ] 004 3 4 |08s5|022| 32 0.81 4 5 [105[ 028 | 407 | 082
29 | M 44 | 56 56| 44 44 | 56
Tarsus - Distal
72 | M8 reference 266 | &3 reference 160 | 173 reference 161 | 183 reference
T TC oP 0 25 | 75 s | 25 51 49 45 | 55
DITTC 0P 1 5 17 [112]040] 314 | 083 20 g [121]|051] 284 | 066 15 | 13 |080f042] 185 | 079 14 | 14 |053| 039 | 180 | 064
23 | 77 71 29 54 | 48 S0 | &0
DIT TC 0P 2 g 17 |070)029) 169 | 043 15 7 [118|048] 291 0.73 13 | 12 |096(043| 216 | 092 12 | 13 |090) 040 | 204 | OB
- 32 | 68 72| & 32 | 48 45 | a2
5 1 (007 |001] 057 | 0 7 0 [000]000] MNi& 1.00 5] 1 (047|002 146 | OM 5] 1 [044f 002 | 147 | 007
DITTC OP 3 g3 | 17 100 | 0O 86 | 14 86 | 14
DITTC 0P 4 a 3 [ MEA | 0.00] MNis 1.00 3 1 [101]010] 981 044 1 3 [312]032)30350] 033 1 3 [250] 026 |2428| 043
0 |100 a2 25 [ 75 2 [ 75
7T 238 reference 281 93 reference 190 | 189 reference 172 | 208 reference
DITT3 0P 0 24 | 76 T4 | 26 50 | &0 45 | 55
DT T3 0P 1 g 16 |0B3|027) 1457 | 034 24 4 |[047|046] 1.4 013 18 | 10 |056(025|1.24 | 015 15 | 13 |072| 033 | 1455 | 040
33 | 67 a6 | 14 64 | 36 54 | 46
DITT30P 2 5 3 [049)005) 083 | 003 ) 1 [032]|004) 252 | 023 7 3 [043]|011) 1689 | 023 7 3 [035) 009 |13 | 014
" 63 | 38 g0 [ 10 70 [ 30 0 [ 30
72 ol 2es reference 270 | AN reference 178 | 182 reference 162 | 199 reference
TMTT3 0P 0 24 |76 a2 43 | 51 45 | 55
TMT T3 0P 1 10 | 20 |0B4[029] 143 | 028 23 [ 10 |1.29({059] 2.8 052 20 | 153 |oE4f03 132 | 022 16 | 17 |056| 042 | 177 | 063
33 | 67 0| 30 61 39 4 | 52
TMT T3 0P 2 7 11 | 05 |048] 135 | 047 19 3 |047|044] 162 | 023 16 6 [037[0414] 086 | 0.04 | 15 7 |035( 045 | 085 | 0.04
39 | B g6 [ 14 73T 63 | 32
1 1 [032]|002) 515 | 042 2 o ] 1 1 [093|006|1576| 099 1 1 |08 | 005 |[1312| 085
TMTT3OP 3
50 ] 50 00 | 0 S0 [ &0 S0 [ &0
65 | 200 reference 239 | &1 reference 160 | 160 reference 143 | 177 reference
TMT T OF 0 25 | 75 I 50 [ &0 45 | 85
9 17 |0B1|026) 144 | 026 23 6 [077]|03]|196 | 058 17 [ 12 |07 [033]153 | 038 17 | 12 |057| 026 | 123 | 045
TMT MT OGP 1
35 | B8 I 58 | H SR
TMT MT 0P 2 13 | 24 | 06 [029] 125 | 047 36 9 [074|034] 16 0.44 26 | 18 |069[037[ 1.3 0.26 25 | 20 |065) 034 |12 017
33 | 63 g0 [ 20 8 | H a6 [ 44
2 13 |21 046) 961 0.33 11 g [215|083] 552 | 0N 9 10 [111]0.44) 281 0.52 5] 13 |1.78) 065 | 472 | 027
TMT MT 0P 3 13 | &7 55 | 42 47 | 53 32 | B8
1 3 (08501 ] 954 095 B 0 [MWs | 0 | Mg 1.00 3 2 [0E7|041] 404 | D66 3 2 |[054] 009 | 327 | 0&0
THMT T OF 4 25 | 75 00 | 0 60 [ 40 60 [ 40
DT OP hiah o 40 | 147 reference 171 56 reference 103 | 124 reference 94 | 133 reference
q P a a2 45 | 55 # 59
DT OF high 1 16 | 43 |073[057| 143 | 038 51 22 [1352|073) 236 | 036 42 | 3 |08 [036] 104 | 007 36 | 37 |073| 043 | 123 024
9 273 0| 30 58 | 42 49 | 51
DT OP high 2 25 | 45 |05 (027 0A 0.02 G4 | 17 |08 [044( 1.5 0.50 a0 | 30 | 0503|084 [ 01 47 | 34 051 03 ) 086 ) OM
- 35 | B& I 63 | 38 S8 | 42
. g 15 |051] 02129 | 045 20 g [122]|051] 2893 | 065 16 | 12 |062[025] 135 | 0.24 13 | 15 |052) 037 | 173 | 061
DT OF high 3
35 | B8 7 29 57 | 43 46 | 54
DT OP high 4 1 6 [163]|019]13596| 065 g 1 [038|005) 342 | 037 4 5 [104]027) 3597 | 096 4 5 |085[ 023 | 338 | 086
9 14 | 86 a3 | 1 44 | 56 44 | 56

Legend DIRT: distal intermediate ridge of the tibia; TC: central tarsal bone; T3: third tarsal bone; OP:

category is not included in the table (eg gradstéaphytes of T3).

osteophytes;, MT: third metatarsal bone; DT OP high:highest grade of osteophytesin the distal tarsal joints

Note: While all osteophytes were graded on a scale4fibno horses had changes in a certain categjoay,
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Table 2: Lysis in the distal tarsus relative to likelihood of cometing and earning money.

Total number of horses in the “compete” category is 347, for the “earn money” cagery is
out of 418 horses.

Variable Compete Earn Money 3 YV/0 Earn Money 4Y10 Earn Money 3 £ 4 Y0
Ho | Yes 0R| 95%Cl |p-value| Ho |Yes | OR | 95%Cl |p-value| Ho |Yes | OR | 95%Cl |p-value| Ho |Yes 0R| 95% CI p-value
00 °o o 00 (] °o L] 00 |
Tarsus - istal
. 75| 228 reference 274 | 92 reference 187 | 175 reference 165 | 195 reference
DITTCLysis 0 = ¢ 75 | 25 51 | 49 % | 54
DIT TC Lysis 1 7 9 |042|015|147 | 040 [ 15 | 4 |079|026|245| 0B9 |13 | 6 (048|048 13 | 045 |12 | 7 [049| 049 [ 129 | 045
44 | 56 79| 2 g8 | 32 B3 | &7
DIT TC Lysis 2 5 | 13 [oB6| 03| 248 | 077 [ 15 | 5 |099|035) 28| 099 | 7 |13 |[185|076| & 016 | 7 |13 |158| 061 | 404 | 034
28|72 7|8 35 | B 3 | B5
DIT TC Lysis 3 3 7 |077(049) 304 | 071 |10 | 3 |0B9|024|332| 087 | & 5 |0EE|02M| 205 | 047 | 7  |073| 024 |22 | 057
|70 oA E2 | 38 4 | 46
DIT T3 Lysis 0 78 | 230 reference 280 | 92 reference 193 | 175 reference 173 | 1589 reference
25|75 75|25 52| 48 47 | 53
DIT T3 Lysis 1 4 E |05 |014]185| 030 [ M 2 |055)042| 254 | 045 | & 5 |0E8|022) 241 | 050 | & 5 |054| 047 [ 1E3 | 029
40 | B0 85 | 15 E2 | 38 62 | 38
DIT T3 Lysis 2 5 | 14 (085|033 272 | 082 [ 14 | 7 |152| 06| 389 | 038 | 7 |14 |2A7|086) 55 | 040 | 7 | 14 174 069 | 44| 04
% |74 E7 | 33 33| 67 3|87
DIT T3 Lysis 3 3 7107902313 074 9 3|10 027|383 088 | 7 5 |077|024| 248 | 067 | B E |087| 028 [ 27| 0@
|70 75|25 58| 42 a0 | &0
. = reference 295 |10 reference 205 | 193 reference 184 | 215 reference
TMTTSLysis 0 =0Ty 75 | 5 2 | 4 % | 54
TMIT T3 Lysis 1 2 3 |052|008) 314 | 047 i 1 |049]|006| 413 | 05 5 2 |042|005] 222 | 0.3 5 2 |034| 007 [179| 020
40 | B0 86 | 14 M2 Ml
MK T Lysis 2 3 7 |08 |[02]3147| 075 [ 10 | 2 |059|043|274| 050 | & 7 [149|046| 476 | 050 | 5 7 | 12| 037 | 384 | 076
K 83 | 17 42 | 58 42 | 58
. 57 | 246 reference 302 | 100 reference 200 | 194 reference 187 | 215 reference
TMTMTLysis 0 =y 7% | 5 52 | 48 AE
. 1 5 |1.77| 021335 061 i 1 | 05|006|423| 033 | 3 4 [142|03 | 644 | 065 | 3 4 |1146| 026 | 525 | 083
TMTMT Lysis =75 % | 14 | 5 a9
THIMIT Lysis 2 2 E |106|021] 536 | 0.9 i 3 [151]|037| 645 | 057 | & 4 |085|023] 323 | 082 | 4 S5 [109| 029 | 411 | 080
2|78 67 | 33 g6 | 44 44 | 56
DT Lysis High 0 | 214 reference 254 | 85 reference 174 | 165 reference 155 | 187 reference
EERE | 6 51| 49 45 | 53
DT Lysis High 1 7 |15 (071028181 | 048 | 23 | 5 |0B3|023) 17 | 036 |18 |10 |05B|026) 126 | 018 | 17 | 11 |054) 024 | 148 | 012
32 | B8 g2 | 18 G4 | 36 G| 3
DT Lysis High 2 9 | 2 [077|034|177 | 054 | 27 | & |0B3|023) 17 | 036 |16 |19 |1.23|061| 247 | 056 |15 | 20 |111) 055 | 223 | 078
|70 w23 45 | 54 43 | 57
DT Lysis High 3 3 7 |077(049) 307 | 072 |10 | 3 |0B7|023|322| 083 | & 5 |0ES|02|202| 045 | 7  |[071| 023 | 216 | 055
|70 w23 B2 | 38 54 | 4B
. 3 | 130 reference 153 | 48 reference 94 | 108 reference 86 | 116 reference
OTOPsisd — T 7 | 7 | 53 G
DT OP Iysis 1 19 | 50 [073)|038| 139 | 034 | 60 | 25 |13 |074|229| 036 | 48 | 37 |0O67|04 | 142 013 | # | 44 | 08| 048 |132| 038
B |72 7|28 g6 | 44 43 | 82
. 25 | 50 (055|031 | 006 | 66 |19 |09 |049| 164 | 073 | 43 | 36 |0B4|038| 107 | 009 | 46 | 39 |0B3| 038 | 105 | 007
DT OP lysis 2
3| BT 78| 2 58 | 42 54 | 46
DT OP Iysis 3 9 | X [0B5|027|153| 032 | 27 | 10 |1A6|052| 256 | 072 | 2 |16 |0B6|033| 134 | 025 |17 | 20 |0B7| 043 | 176 | 070
|70 73| 5| 43 46 | 54
. 1 E |166|019]|1425| 0G4 il 1 |033|005| 32 | 038 | 4 5 |109(028| 417 | 080 | 4 5 |093| 024 [ 355 | 09
OTOPsisd =145 @ | 44 | % 4| %

Legend TC: central tarsal bone; T3: third tarsal bone; OP:osteophytes;, MT: third metatarsal bone; DT lysis high:

highest grade of lysisin the distal tarsal joints; DT OP lysis:highest combined grade of lysis and osteophytesin the distal

tarsal joints
Note: While all lysis was graded on a scale of 0-wdfhorses had changes in a certain category, étegary is not

included in the table.




Table 3: Sclerosis and cuboidal bone malformation in the distal taus relative to likelihood

of competing and earning money. Total number of horses in the “conape” category is 347,

for the “earn money” category is out of 418 horses.

Variable Compete Earn Money 3 Y¥/0 Earn Money 4Y/0 Earn Money 3 & 4Y/0
Ho |Yes | OR | 95%Cl |p-value| Ho |Yes | OR | 95%Cl |p-value| Ho [Ves | OR | 95%Cl |[p-value| Ho | Ves | OR 95% C1 p-value
K % b % b o n a,
Tarsus - Distal
1C sclerosis 0 85 | 244 reference 2594 | 100 reference 203 | 190 reference 183 | 211 reference
K| M IER 22| 48 45 | 4
1C selerosis 1 4 |12 |105|033| 3533 | 084 |18 | 3 (049024 17 | 026 |10 | 11 |118|048| 253 | 072 9 | 12 |116| 048 | 281 | 075
=R g5 | 14 45 | 52 43 | 57
1C sclerosis 2 1 1 |0.35|002] 563 | 046 2 1 [ 14701531638 075 2 1 |053|005| 594 | 0.8 2 1 |043| 004 | 452 | 050
50 | a0 EF | 33 7| 33 EF | 33
13 selerosis 0 54 | 245 reference 298 | 101 reference 204 | 194 reference 184 | 215 reference
25|75 IER Al | 4 45 | 4
T1 selerosis 1 5 7O|047|045[ 153 | 021 [ 43 | 2 |045) 00| 205) 030 g G |07 |024| 200 | 0.9 i 7|07 027 | 21 058
42 | 58 8|13 GO0 | 40 53| &
T3 selerosis 2 1 1 | 0.34|002| 545 | 045 2 1 | 148|013 1644 | 075 2 1 |053|005| 5585 | 060 2 1 |043| 004 | 476 | 049
0| a0 E7 | 33 67| 33 E7 | 33
T3 sclerosis 3 1] 1 [ WA O | Mia | 1.00 1 i O [ 0 | d& | 100 1] L I o ] i 1 W& 0 Hig | 1.00
0 |100 o | 0 0 |10 0 | 100
Selerosis high 0 53 | 243 reference 290 | 100 reference 201 | 189 reference 180 | 210 reference
25|75 | XK 22| 48 45 | 4
Selerosis high 1 G | 12 |0GB|025| 1588 | 046 | X 3|04 (02142 | 046 [ 13 | 11 |09 |039| 206 | 080 |12 | 12 |086| 038 | 196 O
3| g8 | 13 2| 46 50| S0
Selerosis high 2 1 1 |0.34|002| 552 | 045 2 1 | 145|013 (1616 | 076 2 1 |053|005| 591 | 081 2 1 |043| 004 | 477 | 049
0| a0 E7 | 33 67| 33 E7 | 33
Selerosis high 3 ] 1 | WA | 0 | Mis | 100 1 i O [ 0 | Mis | 100 ] L L O A A ] i 1 |Wa| 0 Wi | 1.00
0 |100 o | 0 0 |10 0 | 100
Sclerosis OP 0 38 | 143 reference 162 | 25 reference a7 [ 120 reference 88 [ 129 reference
M| IER 45 | 55 4|
Selerosis OP 1 18 | 47 |069|036| 133 | 027 | 6O | 23 [113|064| 2 OF3 | 48 | 35 |059|035| 098 | 004 | 42 | 41 |067] 04 |141 | 042
x| 72 T2 A& a8 | 42 5| M
Selerosis OP 2 25 | 46 (049|027 0589 | 002 | 64 [ 17 (075|042 145 044 | 51 | 30 |048|025| 08 | &0 | 47 | 34 |049) 029 | 083 | OM
3| B IERN 63| W 55| 42
Sclerosis OP 3 B |15 |05 |02 126 | 044 | 20 | & |[118|049]| 283 O™ |16 | 12 |OB1|027(134 | 022 |43 |15 |079) 036 | 174 | 055
35| BS ] 57| 43 46 | 54
Sclerosis OP 4 1 E |159|013[1365| 0O&7 3 1 |037|005| 301 | 035 4 5 |1 |026| 387 | 099 4 5 |085| 022 | 326 | 082
14 | 3 0N 44 | 56 44 | SF
DT bone 85 | 295 reference 302 | 105 reference 210 [ 197 reference 187 | 221 reference
malfermation 0 | 25 | 73 74| 6 22 | 48 46 | 94
DT bone § | M |04B|0AG[ 148 | 01 | 22 | 3 (039|042 1.3 | 043 |15 |10 |07 |03 [ 162 | 042 |15 |10 |056) 025 |1.28 | 047
malfermation1 | 42 | 58 g5 | 12 G0 | 40 B0 | 40
DT bone ] L e e A ] 1 2 |575|052|B409| 015 ] R I e ] i 3O|MA| D Wig, | 1.00
malformation 2 | 0 | 100 33 | 67 0 |100 0 | 100

Legend TC: central tarsal bone; T3: third tarsal bone; OP:osteophytes; Sclerosis Highhighest grade of sclerosis in
the distal tarsal joints; Sclerosis OPhighest combined grade of sclerosis and osteophytes in the distal tarsal joints, DT
bone malformationdistal tarsal cuboidal bone malformation

Note: While all sclerosis was graded on a scale of 848 horses had changes in a certain categoay cétegory is
not included in the table.
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Table 4: Changes of the tarsocrural joint and osteophytes of thdistal tarsus relative to
average amount of money earned.

Variable Amount Money 3 Y0 Amount Money 4 Y0 Amount Money 3 & 4Y/0

N [Mean [Estimate| 95%Cl [pvale] [N [Mean  |Estimate] 95%C1 [pvalue] [N [Mean  [Estimate] 95%Cl  [p-value

Tarsus - Tarsocrural Joint

264 [349]379] 262 [381]a73] REEREAS

DIRT Graile 0 86 [ 120614 reference 175] 16679.8 reference 193] 195107 reference

DIRT Grade 1 10 (108229 | -0.02 |-048| 044 | 092 19 (111218 | -047 |-053] 018 033 MBI | -098 |-0581[{018] 035

DIRT Grade 2 3 | 721866 ) 015 |-067)086 | 072 6 | 121508 | 007 |-0.59)074 | 082 5 | 16482 0.08 |-0.61) 076 | 0.82

DIRT Grade 3 5 | 24075 005 |-0.58) 069 | 087 4 | 124917 039 |-0.35)113 | 0.30 5 340887 | 063 |-006)13 | 007

Tarsus - Distal

264 [ 35 [a79] 365 [384]376] 372 |36t [as3]
DITTCOP O B8 | 126584 reference 174 15594 8 reference 183 187049 reference
DITTC OP 1 B | 53108 | 005 |-056| 046 085 | [13 424526 | 043 |-084]-0.01] 0.04 | [14 608107 [ 013 [-085]029] 055
DITTCOP 2 7 [1e64a5 ] 006 [-040] 06 | 084 [ [12]258270] -004 [-047] 039 0@ [[12 (336057 [ -003 [-047] 04 [ 088
TTCOP3 0 I M2 1 | 108837 | 062 [-207]083| 040 [ |1 [10se37 | 07 [-222[ 083 037
DITTCOP 4 1] o300 | o032 [407[172] 065 [ [ 3 J2o82e4] 03 [-114]o054] 049 [] 3 [eoszea | 002 [-087[ 09 [ 097
367 [ 354 [ 381 ] 263 [382]373] 373 [ 363 [ 3m4]
DT T30P0 o9 | 12708 reference 190{ 150915 reference 208{ 19803.3 reference
DITT3 0P 1 4| 5166 | -045 [-083] 054 068 [ [10]17e686 ] -0.41 [-088]0.06] 009 [[12 [1a1e07 [ -037 [-081[006] 009

DITT30P2 1| G343 | -1.84 |-318|-049] 0.01 J 134858 ) 005 |-079]08 | 09 d [ 135086 | -005 |-093|083) 09

264 [ 35 [a70] 262 [381[a73] REREA
TMTT30P0 |91 [127127 reference 183[ 15402.0 reference 199] 19901.3 reference
TMTT30P1 |10 [#366.07 [ 042 [-034[osa] oeo [ [1a[ 18277 [ 003 [-030]045] oa0 [ |17 [1eea78]| o012 [-026[ 081 [ 053
TMTT3OP 2 3 | 156727 -019 | -1 Joe2| 064 | [ 6 [200677] -028 | -1 Jo21 ] 02 7 100656 | -028 [-0086] 03 | 038
TMTT3OP 3 I i M 1 [4p7a30] o007 [-139]163] 093 [[1 [4eve39 ] -002 [-185] 1.4 | 088

266 [381 3] 264 [383[376] 3.75 | 364 [386]
TMTMTOPO |81 [120425 reference 160| 15608 reference 177] 19610.9 reference
TMTmToP1 | 6 [306ee8 | 03 [-028fose] 031 [ [12[zs8757 ] oo8 [-03a]ost ] 073 [[rz] 412200 | o011 [-034] 056 [ 064
rmror2 | o (729255 | 036 [-0@4[012[ 014 | 19 [ea6786 [ 046 (08101 001 |20 ate272]| 046 [-0.081] 01 ] 0.1
marmror3 | @ [rroor2| o0 [-o8[ 04 [ o089 [ [10[13e06] o005 [-042[0s52] o84 [[r3[14m332]| 04 [-0s3fo34 [ 0s7
IMTMTOP4 | (0 I M 2 |ss0495 ] o011 [-0820113 | o84 || 2 [s80495] 0 [-1.07[106] 089

271 [354]389] 269 [385]382] REETEER
DT OP high 0 86 [ 133376 reference 124] 163988 reference 133| 20404 .9 reference
DTOPhight |22 [1014 | o006 [-028[039] 074 |31 [124628] -02 [-n40]o09] 018 [ a7 [1o0696 | -0.01 [-028]o02a | ng7
DTOPhigh2 |17 [108338 [ 047 [-084[-01 [ 001 [ |31 15346 -026 [-085]004] 009 |24 180661 | -0.28 [-088] 0 [ 0.08
DTOPhighd | @ [7raor2| 006 [-0&6[ 048] o83 [ [12 114785 ] 008 [-n40] 030 ] o8z |15 [139379 | 045 [-086[ 026 [ 047
DTOPhighd |1 [ 9300 | o025 [-11[1681[ 071 5 Ja1116e] -018 [-084] 048] 060 [ | 5 [s97168 [ -002 [-071[ 066 ] 085

Legend DIRT: distal intermediate ridge of the tibia; TC: central tarsal bone; T3: third tarsal bone; OP:osteophytes;
MT: third metatarsal bone; DT OP high:highest grade of osteophytesin the distal tarsal joints

Note: While all osteophytes were graded on a scale4fibno horses had changes in a certain categjoay category is
not included in the table (eg grade 4 osteophytds3h

* Statistical analysis of earnings performed angbréed on a log10 scale in order to normalize data.

43



Table 5: Lysis in the distal tarsus relative to average amount of monewamed

Variable Amount Money 3 Y0 Amount Money 4 Y/0 Amount Money 3 & 4Y/0
N [Mean [Estimate] 95%Cl [pvalue| [N [Mean  [Estimate] 95%€Cl [pvalue|[ [N [Mean [Estimate]| 95%Cl [pvalue

Tarsus - Distal

365 [ 341 [a79] 36 [ 38 [372] R ECEE
DIT TC lysis 0 92 [ 119797 reference 179| 1592288 reference 198] 192569 reference
DIT TC lysis 1 4 | 104659 | 004 |-064[072| 0480 B | 195625 | -05 | -11[011] 011 7 | 7TRAE45 | -02 |-078B|0.39| DA
DIT TC lysis 2 5 | 262803 | 0462 | -01 [143] 010 13 [ 195623 | 016 |-D26| 067 | 047 13 [ 28670 014 |-029| 058 | 052
DIT TC lysis 3 3 | 404568 | -089 |-168(-011] 0.03 5 | 18631 011 |-065| 077 | 0.74 B | 174653 | -0.21 |-084|042| 052
364 | 351|378 362 | 351|372 371 | 361 | 382
DIT T3 lysis 0 92 | 121606 refarence 179 151908 refarence 199 192096 reference
DIT T3 lysis 1 2 | 677285 | 046 |-079[112] 074 5 | 161397 | -0.71 |-1.37|-0.06| 0.03 5| 432303 081 | -1.2 047 | 014
DIT T3 lysis 2 7 |204388 | 038 |-015( 08 | 016 14 [ 189127 | 0412 [-0.28| 052 | 0548 14 | 281328 028 [-017| 067 | 0.24
DIT T3 lysis 3 3 | 404568 | 089 |-1.68([-011] 0.03 5 | 18531 01 |-045| 076 075 6 | 1746583 -0.21 |-083| 042 042
363 | 35 | 377 3BT | 361|372 371 | 381 ] 382
TMT T3lysis 0 [101] 123747 reference 194| 155588 reference 215197799 reference

TMT T3 lysis 1 11102383 038 |-1.01[176 | 049 2 | B983EB | 021 |-083)1.25 | 069 21028 | 027 |-081) 136 | 062

TMTT3lysis2 | 2 | 13729 049 | -05 147 | 033 7T |781718 | -012 |-068) 044 | 068 7114388 | 014 |-073) 044 | 063

364 | 35 1378 361 351|372 372 | 381 ] 382

TMTMT lysis 0 [100( 124915 refarence 195 15498 refarence 215 197942 reference

TMTMTIysis1 | 1 | 102383 | 037 |-1.02)176 | 06D 4 | 396144 -023 |-087) 057 | 0.54 4 | B521.02 ) -035 |-1.02)052 | 052

TMTMTIysis2 | 3 | 9384.66 | 0.0% |-076) 086 | 040 4 | 17442 047 |-057) 091 | 065 5 1140262 | -0.00 | -0.7 | 068 | 087

366 | 3481 38 364 | 343|376 374 | 363 | 384
DT lysis high0 | 88 | 12331.2 reference 168| 159988.2 reference 187 201667 reference
DT lysis high 1 5 | 929542 | 003 |-049)0E5| 043 1017138 | -062 |-1.09]-015] 0.01 11| 5799.23 | -0.42 |-088| 0048 | 0.08
DTlysishigh2 | 8 |[179718 | 022 |-028|072| 038 19 1143917 | -007 |-041|028 | 0O 20| 208608 | 004 | -04 (031 08
DTlysishigh3 | 3 | 404568 | -08 |-169([-011] 0028 A | 18531 nng |-0&8| 073 | 082 fo[174R6.3 | -023 |-08R| 039 | 04k
ENA R R 374 36| 388 I81 | 36T | 385
DT OP lysis 0 49 1139793 refarence 108 18161.1 refarence 116 228136 reference

DT OP lysis 1 25 | 12936 0.05 |-028)038 | 077 3 [ 114918 | -0.3% |-0.62|-0.08] 0.01 44| 170134 -046 |-042]041 | 035

DT OP lysis 2 19 [109069 | -0.24 |-061{013) 0.20 36 [ 135008 | -0.29 |-0.457(-002) 0.04 39| 17776| -0.26 |-054(0.02 | 0.08

DT OP lysis 3 10 | 6261.98 | -0.37 |-084( 01 | 043 16 [ 110158 | -0.19 |-053] 023 | 0.44 200 119437 -0.29 |-066] 007 042

DT OP lysis 4 1 9300 0.26 |[-111]163 | 0N 5 | #1168 -0.24 |-0.89) 042 | 048 o) 6971.68] -0.07 |-076] 0.62 | 0.84

Legend TC: central tarsal bone; T3: third tarsal bone; OP:osteophytes, MT: third metatarsal bone; DT lysis high:
highest grade of lysisin the distal tarsal joints; DT OP lysis:highest combined grade of lysis and osteophytesin the
distal tarsal joints

Note: While all lysis was graded on a scale of 0-Bdfhorses had changes in a certain category, dbtegary is not
included in the table.

* Statistical analysis of earnings performed amubréed on a log10 scale in order to normalize data.
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Table 6: Sclerosis and cuboidal bone malformation in the distal taus relative to average
amount of money earned

Variable | Amount Money 3 Y0 Amount Money 4 /0 Amount Money 3 & 4 Y/0

N Iwean [Estimate] 95%CI [pvae] [N Imean  [Estimate] 95%€CI [pvale| [N [Mean  [Estimate| 95%Cl [pvalue

Tarsus - Distal

366 [352]379] 362 [3s1 ]3] 3.77 [a62]383]

TC sclerosis 0 [100| 11186.6 reference 181 15406 reference 211[19174.4 refarence

TCsclerosis1 | 3 | 562707 | 03 |-0.49)1.08 [ 046 11)9986.21 | -0.21 |-067 [ 024 ] 035 1212377 | 03 [-076[ 013 ) 047

TCsclerosis2 | 1 | B843 | -1.82 [-316)-048] 0.01 11324485 08 [-056]235| 0.23 1] 3297 0.Fg |-073[ 231 [ 0

T3sclerosis 0 [101] 126261 195] 15251.8 215] 19693.4
Tisclerosis1 | 2 | B115.5 MIA, B[ 11790.5 MIA 7118534 MIA
Tisclerosis2 | 1 | 6843 1] 324485 1 38T
Tisclerosisd | 0 1 11739534 1] 739534
166 | 352]379 162 1351|372 372 | 362383
Sclerosis high 0 | 100) 11186.6 reference 189] 154545 reference 210] 19236 reference
Sclerosishigh1| 3 | 562707 | 03 |-0.49)1.08 [ 046 119879.86 | -022 |-067[023] 0.34 12121242 | -032 [-077[0143) 016
Sclerosishigh2 | 1 | 6843 | -1.82 [-316)-048] 0.1 1 (324485 08 [-056]235| 023 1 38T 079 |-073]231( 03
Sclerosishigh3 | 0 1 MIA 1 (739534 035 (121|171 | 073 1 (739534 | 045 137|166 [ 085
169 | 351387 169 | 356|382 377 | 364] 39
Sclerosis 0P 0| 55 | 10733.2 reference 120] 166571 reference 129] 20071.2 reference
Sclerosis OP1 |23 193396 | 015 |-0419) 048] 039 35129126 | -02 |-048[ 007 015 41 N872 | -0m [-0.28| 026 0.92
Sclerosis OP2 |17 | 10633.8 | -0.44 |-0.81)-007] 0.02 30153445 | -026 |-0.56| 003 0.08 34| 188561 | -03 [-0.58(-0.01) 0.05
Sclerosis OP3 | 8 | 779072 [ -0.03 |-053[ 048 ) 0.9 12114785 | -006 | -05 (038 ) 080 15133379 | -015 [-0.56| 026 ) 047
Sclerosis OP4 | 1 | 9300 028 [-1.07) 163 | 068 5 | #1168 | -018 [-0B85|048 | 034 5 | 597168 ] -0.03 |)-0.71| 066 [ 0.94

363 |25 [a76] 361 [ 351 [an a7 |36 Jam]

DT malform 0 [106| 122237 reference 188 | 156745 reference 221197748 refergnce

0T malform 1 3| 48431 | -0.03 |-083|078 ] 0.95 10 ) 702526 | 008 |-0.3§[055) 075 10847818 | 004 ([-045|053) 047

DT malform 2 2 | 946567 | 034 |-063)1.32] 049 3 | 798613 | 006 [-079]091 | 090 3 [ 147966 | 042 |-045] 13 [ 034

Legend TC: central tarsal bone; T3: third tarsal bone; OP:osteophytes; Sclerosis Highhighest grade of sclerosis in
the distal tarsal joints; Sclerosis OPhighest combined grade of sclerosis and osteophytes in the distal tarsal joints, DT
bone malformationdistal tarsal cuboidal bone malformation

Note: While all sclerosis was graded on a scale of 848 horses had changes in a certain categoay ctitegory is not
included in the table.

* Statistical analysis of earnings performed ambréed on a log10 scale in order to normalize data.
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Table 7: Radiographic changes to the stifle and carpus relative to itihood of competing
and earning money.

Variable Compete Earn Money 3 Y/0 Earn Money 4 Y/0 Earn Money 3 & 4Y/0
No [ Ves [Total] OR | 95% €l [p-value| Mo [Ves [Total| OR | 95% €1 [p-value| Ho [Ves [Total| OR | 95%Cl [p-value[ Nlo [Ves [Total| OR | 5% ¢l [ p-value
00 00 00 00 00 00 00 00
Stifie
49 | 157 | 206 reference 191 | 81 | 282 reference 128 | 124 | 252 reference 113 ) 139 | 282 reference
MFC Grade 0)
4|76 TE | 24 50| 49 45 | 55
MEC Grade 1 20 |57 | 77 (088 D.49|1.82 070 | 64 | 28 | 92 |137(081|233) 024 | 46 | 46 | 92 (103 D.B4| 166 08 41 592 |10 0.83| 163 086
2B |74 70 | 30 50 | &0 45 | 85
MEC Grade 2 7 41 H 107 D.43|2.83 o0& | 32 G 38 |059|023)147| 026 | 24 |14 | 3B | 0B D.3| 122 ) 046 | 2 17 | 35 | 0BG D.33| 1.3 023
23077 g4 | 16 B3 | 37 55| 45
MEC G ] 15 | 253|059 D.23|1.48 025 | M4 4 248|052 D.1?|1.58 025 (17 | 11 28 |DET| 03 | 1458 | 032 [ 17 | 11 | 28 |053 D.24| 117 [IRR|
rade3
35 | B2 86 | 14 B1 | 39 g1 )
MEC Grade 4 9 12 | 21 (042 U.1?|1.US 006 [ 15 7 2 [146 U.S?|3.?5 043 [ 10 |12 | 22 |1.24 U.S2| 287 | 063 [ 10 [ 12 | 22 |098 U.41| 234 0.96
43 | 57 63 | 32 45 | 55 45 | 55
Total 93 | 265 | 358 326 | 106 | 432 225 | 207 | 432 202 | 230 | 432
85 | 245 | 336 302 | 95 | 403 206 | 197 | 403 187 | 216 | 403
LTR Grade 0T 7 | 2 5| 49 HE
a 3 3 2 1 3 a 3 3 a 3 3
LTR Grade 2(——— - M P NI, PRI M, 0 [100 A
1 4 5 4 1 5 3 2 5 3 2 5
LTR Grade 30 T ag 80 | 20 B0 | 40 B0 | 40
Total 89 | 255 | 344 311100 | 411 209 | 202 | 41 190 | 2241 | 411
Carpus
Osteophyte | B9 | 195 | 267 41| 74 | 36 159 | 196 | 316 145 [ 171 | 316
Ho | T4 6 | 23 50| 49 46 | 54
Osteophyte | 4 5 7 TIA, 10 2 12 TIA, ] 4 12 TIA, ] 4 12 A
Ves 14 | 86 83 | 17 B7 | 33 B7 | 33
Total 00| 204 | 274 25 | 76 | 328 167 | 160 | 328 153 | 175 | 328

Table 8: Radiographic changes to the stifle and carpus relative to the erage amount of
money earned.

Variable Amount Money 3 Y/O Amount Money 4 YO Amount Money 3 & 4 YO
N [Mean [Estimate]| 95% ClI [pwvalue| [N [Mean [Estimate| 95% CI [pwvalue| [N [Mean [Estimate| 95% ClI [pvalue

Stiffe

366 (348 [38] 365 [352[38] 374 [361[39]
MFC Grade 0|51 | 121816 reference 124 170642 reference 139 | 20568 .6 reference
MFC Grade 1[25| 115801.5] 005 |-035|0.3 [ 0O.75 46 (131383 | 013 |-035|01 | 0352 51 [18164.7 | 008 [-033|02| 0.51
MFC Grade 2 [E | 386865 022 |-08 |04 D46 14 1427274 | 026 |-066|02] 022 17 | 488414 | 034 |-0.72|01 | 008
MFC Grade 3[4 | 9335.858] 0.13 |-057|08 [ 071 111908885 | -009 |-085|04) 070 11 | 126656 | -0.01 |-0.48|05 | 098
MFC Grade 4|7 | 251408 0.3 -0.24)108 | 0.28 12 120224.4 | 0.01 043]05| 095 12 | 348898 | 023 |-0417|07 ) 022
LTR Grade 0 [55| 12573.9 1971 15109.1 2168 | 159666.3
LTR Grade 2 [ 1 | 5414 [N 3 | 362052 (W 3 | 390099 ({1
LTR Grade 3 [ 1 | 2000 2 | B93.425 2 | 1693.43
Carpus
Osteophyte N[75| 104625 157 | 14986.6 1711181996
Osteophyte Y[ 2 | 95715 e 4 | 797268 i, 4 [ 12758.4 i

Legend MFC: medial femoral condyle; LTR: lateral trochlear ridge

* Statistical analysis of earnings performed angbréed on a log10 scale in order to normalize data.
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Table 9: Radiographic changes to the hind fetlock relative to likelihood ofompeting and
earning money. Total number of horses in the “compete” category is 28for the “earn
money” category is out of 344 horses.

Variable Compete Earn Money 3 YV/0 Earn Money 4Y/0 Earn Money 3 & 40
Ho |Yes| OR | 95% CI1 ||J-\ralue Ho (Yes| OR | 95% CI p-value |Ho |Yes | OR B5% Cl1 p-value (Ho |Yes | OR 95% C1  |p-wvalue
Fetlock - Hind
G0 | 164 reference 25| 61 reference 149 (128 reference 135|139 reference
Prox SR 0
2|73 75| 22 54 | 46 501 50
Prox SR 1 12 | 37 [113 D.SS|2.31 074 |40 |14 |1.23[063] 242 054 |25 |29 [1.35 IZI.?5| 242 0.31 22 |52 |[1.44( 0.8 |2.E1 0.22
24 | 76 74| 26 45 | 54 41 | 58
Prox SR 2 3 2 | 0B | 014 | 253 041 1010 1 035|004 | 231 032 -] o | 087 D.29| 3.25 0.95 ] 2 | 0E5| 025 | 277 076
- 35 | B3 9 9 a5 | 45 55 | 45
Prox SR 3 1] 1] NI, 1 0o |Ms | 0 R 1.00 1 0 |M& | 0 & 1.00 1 0 | Mi& 0 | mea .00
100( @ 100| @ 00| 0
74 | 205 263| 76 179161 163|173
Dorsal Frag 0
2|73 NI, T2 i, 53 | 47 NI, 45 | 51 T,
1 2 4 1] 2 2 2 2
Dorsal Frag 1
33 | &7 100( 0 50 | 50 50 | 50
Plantar Frag 0 73 | 202 261 73 176 (1589 162|173
2|73 NI, 75| 22 i, 23 | 47 NI, 45 | 52 T,
Plantar Frag 1 2 5 5 3 5 4 5 i
2817 E7 | 33 56 | 44 56 | 44
P2 -Hind
B [174 reference 232| B3 reference 164|132 reference 151145 reference
P2 dorsal cortex 0
25| 72 =R a5 | 45 51 | 49
5| 26 | 205|075 | 5251 016 |29 9 [114]|051] 254 074 |12 26 |269]|1.3 | 554 0.01 12 |26 [226] 1.1 |464 | 003
P2 dorsal cortex 1
16 | &4 76 | 24 32 | 65 32 | 65
1] E |Mi& | D | MrA .00 2 4 |36 1352|4113 002 1 5 |62 | 072 | 23582 010 Ju] E | Mi& 0 | mea .00
P2 dorsal cortex 2
0 [100 33 | 67 17 | 83 0 100
2 1 02 (00z2(219] 019 4 0 |Mis | 0 P&, 1.00 4 0 |Mis | 0 P& 1.00 4 0 | Mik 0 | mia .00
P2 dorsal cortex 3
E7 | 33 100) 0 100] 0 100] 0
P2 Osteophyte 0 B4 178 reference 234 | B85 reference 166|134 reference 152|148 reference
26| 74 75| 22 a5 | 45 51 | 49
P2 Osteophyte 1 11 | 28 |0.85 D.45|2.D1 083 |33 | N 1.2 D.SB| 25 063 [15] 28 | 24 |1.23] 465 0.01 15128 [1.98 1.02|3.85 .04
25| 73 75| 25 34 | 66 34 | 66
Table 10: Radiographic changes to the hind fetlock relative to average amount afoney
earned.
Variable | Amount Money 3 Yi0 [ Amount Money 4 /0 ] Amount Money 3 & 4 Yi0
[N Jmean  [Estimate] 95%cC1 [pvalue[[N [Mean  [Estimate] 95%C1  [pvalue[[N [Mean  [Estimate| 95%Cl  [p-value
Fetlock - Himd
372 [ 356388 36 [347]372] 372 [ 359 ] 384 ]
Prox SR 0 2] 11430 reference 1281153811 reference 1390192239 reference
Prox SR 1 14| 655497 | -0.29 |-066)| 007 | 012 20 [ 12766 4 0.07 -0.22) 0.37 | 063 32 [ 144374 a -0.3 [ 029 ( 0488
Prox SR 2 1 10000 028 [-096)153 | DEE 5 [ 890714 -0B3 |-1.28|003) 006 5 1109072 -0.71 -1.39-0.03) 0.04
Dor Frag 0 77 105593.5 161 | 14806.5 175182226
i [HrA [HrA
Dor Frag 1 a 1 2 | 503645 2 | 503645
Pitr Frag0  [74] 10738 | 159] 14821.4 173] 18153
Pitr Frag 1 3 [ 7075.48 | A 4 [ 7063.01 NiA 4 [12369.6 NiA
P2 - Hind
373 [ 388 [3.88] 358 [ 345 [371] 3.68 [ 3.86 [ 3.81 ]
P2 Dorsal Cortex
0 G4] 115486 reference 132] 194516 reference 145]19083.9 reference
P2 Dorsal Cortex
1 9| 7h50.52 | 008 |-047 (037 [ 081 26 | B936.62 0.07 -0.24)| 0.38 | 067 26 | 1256534 0.09 -0.23) 0.41 0.60
P2 Dorsal Cortex
2 41237582 1058 |-165|-0.44] 0.001 5 [ 173786 -006 |-072) 0B 0.86 & 16066 -0.05 |-0E8) 057 | 087
369 [ 354385 ] 358 [ 348371 ] 368 [ 356381 ]
P20OPOD Afi| 10828.2 reference 134 146775 reference 148] 180448 reference
P2 OP 1 11[ 920633 | -015 [-056[026] 047 [[28 [144159 ] 003 [-027]033[ nas [[29[17e078 | 003 [-028]034] 085

* Statistical analysis of earnings performed amubréed on a log10 scale in order to normalize data.




Table 11:Radiographic changes to the fore fetlock relative to likelihood afompeting and
earning money. Total number of horses in the “compete” category is 28for the “earn
money” category is out of 344 horses.

Variable Amount Money 3 Y/0 | Amount Money 4 Y/0 Amount Money 3 & 4 Y/0
N [Mean  [Estimate] 95%Cl  [pvalue [[N [Mean  [Estimate] 95%Cl  [pvalue [[N [Mean  [Estimate] 95%Cl  [p-value
Fetlock - Fore
365 [349] 38 | 387 [345] 37 | 367 [ 385379 ]
ProxSR0 B9 10994.6 reference 136) 147145 reference 150 183253 reference
Prox SR 1 g |685813 | 008 [-042]054] 081 |21 [125807 | 042 [-022] 046 048 |[22 [145027 | 011 [-023[ 048] 052
ProxSR2 i i MiA, 5 | 238834 | 022 |-044[087| 052 [[ 5 [238824 | 0412 |-0567] 0B [ 074
ProxSR3 1283248 02 [140]100] 077 || 1 [ 80776 | 066 [-211] 078 037 [[ 1 | 264024 | 011 [-1.62[1.41 | 0.80
| | |
DorFrag0  |78[ 104588 160 148919 175[ 182173
Dor Frag 1 i i A 3 | 962.143 A 3 | 962143 A
T EEREET 36z | 35 [374] 37 | 358382
PSCL 0 BG| 114255 reference 146 156756 reference 158) 191854 reference
PSCL 1 5 |5e58.55 | -008 [-053[ 037 073 |[11 788024 | -008 [-053] 036 071 |[14|883711 | -004 [-046[ 038 086
PSCL 2 3|381514 | -063 [137| 012 o410 || 5 [120706 | -063 [-135|-004] 0.04 || 5 | 355674 | 039 [-107] 03 | 027
PSCL 3 i i MiA, 1 | 411704 | 0002 [144[ 144 100 [[ 1 [4177.04 ] 009 | 16 [1.43] 0.0
Prox Sesamoid
OPO0___|75|107024 NIk 157 | 150005 NI 172| 182968 NI
Prox Sesamoid
OP 1 3| 44507 6 | 5086.38 B | 7311.73
P2 -Fore
P20OP 0 76]10721.4 161] 147554 175] 18169.8
P20P 1 2| F128 A 2 | 4986.03 MIA 3 | 373255 HA
Table 12: Radiographic changes to the fore fetlock relative to average amount ofoney
earned.
Variable Amount Money 3 Y/0 | Amount Money 4 Y/0 Amowunt Money 3 & 4Y/10
N [Mean  [Estimate] 95%Cl  [pvalue [[N [Mean  [Estimate]| 95%Cl1  [pvalue [[N [Mean  [Estimate[ 95%Cl  [p-value
Fetlock - Fore
365 [349] 38 | 357 [345] 37 ] 367 [ 355379 ]
ProxSR0 BA| 10894.6 reference 136[ 147145 reference 150 183253 reference
Prox SR 1 5 |6B5813 | 006 [-043[ 054 [ 081 || 21 125807 | 012 [-022] 046 048 || 22 [145027 | 011 [-033][ 046 | 053
Prox SR 2 i i MiA, 5 | 238834 | 022 |-044[087 | 052 [[ 5 [238834 | 0412 |-057] 0B [ 074
ProxSR3 1 |283248 | 02 [-149]109] 077 || 1 | 80776 | -068 [-211| 078 037 || 1 | 364024 | 011 [-1.62[1.41 | 088
| | |
DorFrag0 78| 104588 160 1489149 176[ 182173
Dot Frag 1 i i A 3 | 962,143 A 2 | 962143 A
| | |
T EEREET 36z | 35 [374] 37 | 358382
PSCL 0 BG| 11425.5 reference 146 15675.6 reference 158] 191854 reference
PSCL 1 8 | 565855 | -0.08 [-053] 037 073 ||11 | 788024 | -008 [-053] 036 071 || 14 | 883711 | -004 [-046] 038 | 0.E6
PSCL 2 3 [391514 | -063 [137] 042 04 5 |1207.06 | -069 |[-1.35[-004| 004 [[ 5 [355614 | 039 [-1.07] 03 [ 0327
PSCL 3 i i MiA, 1 | 4117.04 | 0002 (144184 ] 10 1 | #117.94 | 008 [ 16 | 1.43] 001
Prox Sesamoii
OPO0___ |75|107024 A 157 | 150005 MiA 172| 18296.8 Mk
Prox Sesamoid
oP1 3| 44507 6 | 5086.38 6 | 7311.73
P2 -Fore
P20OP 0 76]10721.4 161] 147554 175] 18168.8
P20P 1 2| F128 A 2 | 4986.03 HIA 3 | 373255 HA

* Statistical analysis of earnings performed amabréed on a log10 scale in order to normalize
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CHAPTER 4
Discussion

Changes to the distal tarsus, osteophytosis in particular, hgasaost frequent
radiographic change associated performance outcome. When examiningTtland
TMT combined, grade 2 (small) osteophytes of the distal tarsu® associated with a
decreased likelihood of competing, decreased chance of earning manéyuagyear old
and as a three and four year old combined, and a lower averagggasia three year
old and as a three and four year old combined. When osteophytes andisclere
examined together, grade 2 changes were also significantjadsdowith the likelihood
of competing, earning money as a four year old and the amount of mamsdes a
three and four year old. Another interesting finding was tredeg® osteophytes of the
proximal MTIIl were associated with decreased amount of momex@as four year old
and as three and four year olds combined.

In a study of yearling Thoroughbreds, Kart al (2003b) found that
osteophytes/enthesophytes of the DIT and TMT were significagbpciated with a
decreased likelihood of starting a race. Of 193 horses with ostesfdmnthesophytes of
the distal tarsus, 147 (76%), started a race, while 753 of 908 h88%é3 \ithout these
changes started a race (p = 0.03). Other radiographic survegsstuave not found
osteophytosis of the distal tarsal joints to be significantlp@sted with performance

outcome (Robertt al 2006, Jacksomt al 2009). In a study of 91 horses with tarsal
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lameness, Byam-Cook and Singer (2009) found no association between apltiogr
changes of distal tarsal joints and degree or duration of lameness.

While small osteophytes of the distal tarsus are often regj@si@aving dubious
clinical significance, including by the authors of this study,fihéings of this research
call that into question. More research with greater numbers eéfias warranted for
further evaluation of the association of osteophytosis of the distal tapedarmance.
Advanced imaging such as MRI could also be of value, allowing visuahzaf more
subtle changes to the bone and cartilage that may co-exissméh osteophytes. The
fact that medium and large osteophytes were not found to be cignifi associated with
performance could be due in part to the low numbers of horses enadaesgjories or may
represent a different stage or manifestation of tarsal @sagsain emphasizing the need
for further research.

An increased likelihood of earning money was seen with osteophgtogibony
proliferation of hind P2. Continet al described thickening of the dorsal cortex of hind
P2 that had not been reported in the past, and speculated that ibedbklresult of the
stresses placed on the hind limbs when horses are pivoting on the hjruefé@ming
cutting type movements. These movements can be observed even iowegycutting
horses that are not yet in training. It is possible that hdhegsare more likely to be
performing this type of movement, even without training, are natunadiye talented,
resulting in a greater likelihood of earning money. The relatipnshthe presence of
hind P2 osteophytes and improved performance outcome could be explaingdhalon
same lines — horses that most frequently perform cutting type motions mayeekelgr

to develop osteophytes secondary to stress placed on the pastermpbititese same
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horses may be working harder or be independently performing maoirggdype motions
than horses without these changes.

Fragmentation of the distal intermediate ridge of the tibia asasciated with a
greater likelihood of earning money as a three year old. Aivelasmall number of
horses were affected, which limits the statistical stremdtthis observation. Other
studies looking at the effect of tarsocrural OCD in racehorses lied mixed outcomes.
No effect on performance in Thoroughbreds or French Trotters was fgukdneet al
2003b or Robertt al 2006, respectively. Decreased earnings and fewer starts were
found in Norwegian Trotters by Grondhal and Engeland (1995). Convefselg and
Motta (2000) found that Italian Standardbred yearlings with radgrachanges,
including tarsocrural OCD, had greater earnings and more wins than naefiecses.

Grade 2 (moderate) palmar supracondylar lysis was associdted decreased
mean earning potential as a four year old. However, this findfegted only a small
number of horses, limiting the conclusions that can be drawn fromiritiad. Kaneet
al (2003b) found that moderate to extreme palmar supracondylar lysigairing
Thoroughbreds was significantly associated with a decreased abfastegting a race as
a two or three year old. Palmar supracondylar lysis is tesceas bone loss of the distal
metacarpal bone at the level of the palmar joint pouch due to chrdtammation,
usually secondary to chronic osteoarthritis (Pool 1996). Thus, it ssh@s$hat chronic
inflammation and osteoarthritic changes of the fetlock joint contributthe affected
horses’ decreased earnings. However, as the number affectddtively low, further

investigation would be warranted to confirm this finding.
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Decreased mean earnings in three and four year old years comlaisesken in
cases of grade 2 lesions of the proximal SR of MTIIl. Again, enlpw number of
horses were affected (5 of 176), limiting the statistical @rfees. Other radiographic
surveys have had variable findings. Jackstoal (2009) found that defects greater than
10mm in length in the SR of MTIII were associated with decckéikelihood of starting
a race, fewer starts, decreased chance of earning moneysardtéd prize money than
unaffected horses. Cohenal (2006) found a significant relationship between lesions of
the proximal SR and sales price, but no relationship to performanammitdKanest al
(2003b) found no relationship between abnormalities of the proximal SR and
performance in Thoroughbred yearlings. However, grade 2 and 3dD@®© fetlock has
been considered by some to have a less favorable prognosis thafootieof OCD,
with only a reported 57% success rate following surgery. Progissigluenced by
confluent lesions such as articular cartilage damage and subchoefdrets (Mcllwraith
and Vorhees 1990). Like the other findings with a relatively low nunobdrorses
affected, further investigations are indicated for better evaluation of tlusmaet

Bilateral versus unilateral radiographic lesions generallygwet associated with
a significantly different outcome. However, in the cases wtiezee was a significant
difference, or a trend towards a difference, horses withebdltesions tended to have
better performance outcomes than horses with unilateral lesfopstential explanation
for this finding could be that horses that have bilateral chamggsbe load-bearing and
working more symmetrically than horses with unilateral lesions.

Interestingly, although lameness referable to the stifleéicp&arly the MFC, is a

major concern of the cutting horse industry, no radiographic changhs MRC were
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significantly associated with performance outcome. Howeveshartcoming of this
study is that lameness was not an outcome variable that was thoroughly examinked. Whi
an attempt was made to contact the owners of horses that dddmaomoney to find out
why, few outcome parameters were captured on horses that eaoneg. mThus it is
possible that there are horses with stifle lesions that ale to compete and earn
money, yet still suffered from lameness. Obtaining recofasdividual horses’ medical
history may be of limited value as it is not uncommon for cutting Bdsbave hock and
stifle injections without full lameness work-ups.

In summary, this study identified several radiographic changesia&sbaevith
decreased performance outcome in cutting horses, with gradeoplogts of the distal
tarsus being the one change that was significantly assocwaitid all outcome
parameters. It is well accepted that tarsal diseaseamanon problem in cutting horses,
and these results suggest that even mild changes may affémtmaerce. Further
research that included regular lameness evaluations and monitofoigtaiedication
would be useful to compare radiographic changes to lameness. lioradstiidies that
follow horses beyond their four year old year may help shed light acthwhdiographic
changes may not affect performance in the short term but cdelct #ie longevity of
these horses’ careers. For the welfare of the horse and thegy entdustry, an objective
understanding of the significance of particular radiographic findsgeeded, and this

study is an important first step in obtaining that goal.
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