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Background: Subchondral boniajury at the palmar/plantaaspecbf the condyles of thenird
metacarpdimetatarsabone(MC/MT3) commony causslamenessnd poor performanda
racehorsednjury occursdueto repetitiveloading,the magnitude oivhich may beinfluencedby
the position of thelistal phalanxrelativeto the ground wrface,i.e.thesolarangle.Theassociation
of solarangle andnjury at thepalmar/plantacondyles oflistal MC/MT3 thereforewarrants

investigation.

Objectives. Investigateherelationshipbetweersolarangleandradiopharmaceuticalptakeat the

palmar/plantaaspecof distalMC/MT3 onscintigraphiamagesof racehorses.
Sudy design: Retrespectiveasecontrolledstudy.

Methods: Scintigraphidmagesof Thoroughbredacehorsepresentedor poor performance or
lamenessveregradedior intensityof radiopharmaceuticalptakein the palmar/plantaaspeciof
distalMC/MT3=Selar anglevasgraded (positive, neutral negative)referringto the angle ofthe
solarplaneof thedistal phalanxrelativeto thegroundsurface Repeatabilityof solarangle(n =
1226limbs) andagreementvith objective radiographic evaluatign = 52limbs) were evaluated.
Prescintigraphy“performanagatawascollectedfrom racerecords Assogationsbetweersolar
angle, performance amddiopharmaceuticalptakewereinvestigatedusingmultivariable logistic

regression.

Results: Repeatabilityof scintigraphicsolarangle gradingg = 0.89, 95%CI 0.87-0.91) and
agreemenbfscintigraphicand radiographisolarangle ¢ = 0.88, 95%CI 0.75-0.97)were
excellentHorsesthatperformed bst prior to presentatiomveremorelikely to havebothgreater
radiopharmaceutical uptake andeutral/negativeolarangle When controllingor prior
performance; horsagith neutralhegativeforelimb solarangleweretwice aslikely to have
moderataharkedradiopharmaceuticalptakethanhorseswith positivesolarangle(P<0.02).
Horseswith negativehindlimb solarangleweresix timesmorelikely to havemoderateharked

radiopharmaceutical uptake thaorseswith positiveheutralsolarangle(P<0.001).
Main limitations. Populatiorbiasdueto preselectedchospital population.

Conclusions. Bothssélarangle andaceperformanceareindependentlyassociatedvith increased

boneactivityin,the palmar/plantaaspecof thethird metacarpal/tarsalondyles.
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Introduction

Subchondral bonmjury of thepalmar/plantaaspecof the condyles ahethird metacarpl/tarsal
bone(MC/MT3) is acommoncauseof lamenessn Thoroughbredacehorseandis considereca
bone fatiguenjury [1,2]. Fatigue of subchondral borsanfluencedpredominantly by the number
of cyclesof load andhe magnitude of load applied [3]. During locomotion, laagrtedon the
metacarpatondyless generatd mostly by theforcesdevelopeddy superficialdigital flexor tendon
and thesuspensorgpparatusvhilst themetacarpophalange@int is hyperextendef]. The
magnitude.othisleadis influencedby theleverarmcreatedoy thedistancebetweerthe point of
applicationof groundreactionforce and thecentreof rotationof themetacarpo(tarso)phalangeal
joint (MCP/MTPJ. The point of application dhe groundreactionforceis thecentreof pressureof
the foot[5]. In amusculoskeletanodelbasedon dataderivedfrom instrumenteciorses galloping
on atreadmill;a 2cm changen the centreof pressureof the foot,in adorsaldirection,increased
loadspredictedby-the modeatthe MCP/MTPJsurfaceby 5% [6].

Nuclearscintigraphyis asensitivemethodfor detectionof fatigueinduced bonénjuries[7,8].
Differentiationbetweemormalradiopharmaceuticalptake andadiopharmaceuticalptakelikely
to beassociateavith loadrelatedalterationor pathologyis challengingsincethereis a continuum
of change withoutlefinitive end pointsHowever,subchondral boniajuriesin the palmar/plantar
aspecof the condyles dIC/MT3 areassociateavith focal areasof radiopharmaceuticalptakein
Thoroughbredacehorsef9,10] and greatelintensity of radiopharmaceuticalptakein this location

is associatedavith a poorer post-diagnosis performance [11].

A long toe/lowheelconformations commonin Thoroughbredacéhorseq12,13]. Different foot
conformations,havBeenshownto influence the position of theentreof pressurg14,15. The
experimental@pplication of toe wedgelkich would acutelydecreas¢hesolarangleof thedistal
phalanxresultednthe centreof pressureanoving dorsally{{15]. As a consequence of natural hoof
growth over 8veeks thecentreof pressurdoecomedartherfrom the centreof rotationof theDIPJ
[16] and themomentarmto it increase$l4]. Similarly, the solarangleof thedistal phalanxwas
negativelycorrelatedvith the DIPIJmomentarmthroughoutsstancg17]. It is thereforelogical to
suspecthat changem solaranglemay influence the magnitude of lo&xperiencedt the

MC/MT3 condyle andhereforeoccurrenceof injury at thatsite.

Theaim of this studyis to determingf thereis a relationshifpetweerthe position othedistal
phalanxrelativeto the groundsurfacej.e.thesolarangle of thalistal phalanx and scintigraphic

evidence of subchondral boimgury at thepalmar/plantaaspecof the condyles ahethird
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metacarpathetdarsalbonesn ThoroughbredacehorsesSolaranglewasclassifiedrelativeto the
horizontalplaneaspositive(>0 degrees)neutral(O degreespr negative(<0 degrees)We
hypothesised thaherewould be gositiveassociatiorbetweentheintensity of
radiopharmaceutical uptakethe palmar/plantaaspecof the condyles of thinird

metacarpal/metatarsbbnes anaeutralor negativesolarangle

Materials and Methods

Recorddrom Thoroughbredacehorsesindergoing scintigraphic evaluatiahThe University of
Melbourne Equine Hospitébr lamenes®r poor performance oveineyearswerecollected
retrospectivelyA standardscintigraphigorotocolwasusedfor eachhorse. An 18 gaugeatheter
wasplacedin atjugtlarvein and 12.7 - 181Bqg/kg of **Tc-HDP administeredStaticdelayedphase
standingateralanddorsal(forelimb) or plantar(hindlimb)imageswere obtainedhreehoursafter
radiopharmaceuticahjection.Imageswereacquiredwith alargefield of view gammacamera
(Phillips ArgusEpic?) using a 25@56 matrix andtransferredo a workstatiorfor processingSun
Ultra WorkstatioRy=The cameravasmounted on a gantry, orsactionof floor thatcould be
loweredsothatlateralimagesof thedistalaspecbf thelimbs wereacquiredwith thecameran a
fixed vertical position,partially belowfloor level, thereby avoidinghe needfor thehorsego stand

on blocks.

Validation of usingscintigraphiadmagesto evaluatehe orientationof thedistal phalanx

All feetweregraded using scintigraphimagesfor theorientationof thedistal phalanx, by the
sameobserver (E-A:W.) otwo occasionssix monthsapartsorepeatabilitycould be evaluatedhe

method of evaluatiors detailedbelow.

Horsegsthathadscintigraphicevaluation and foot radiograpasthe sameveterinaryevaluation
wereusedasa goldstandardo assessorrectnes®f the scintigraphiclassificationof solarangle
Scintigraphidmagesweregradedor solaranglesubjectively prior to objectiveevaluationof
radiographsDigital radiographs (Atomscope Tougay TR9030) wereobtainedwith the horse
standng squareonctistommadé wooden blocks, 6min heightwith a radiodensenarker
embeddeavithin theblock to identify the groundsurface Theradiographicsolaranglewas

determinecbbjectively using the ‘angle’ todah proprietarysoftwaré.
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Grading ofscintigraphicradiopharmaceutical uptalké¢the palmar/plantanspecof the condyles of

the MC/MT3 and grading o$olarangle

Usinglateralimagesof thedistallimbs, radiopharmaceuticalptakeintensityat the palmar/plantar
aspecbof the condyles dIC/MT3 wasgradedasbeing nemal, mildly, moderatelyor markedly
increasedAll grading ofradiopharmaceuticalptakewasperformed by theameobserver
(R.C.W.)experiencedn the evaluation afcintigraphiamagesImagesweregradedat thetime the
horsewaspresentedor imaging and therefongrior to the conception ofthis study.Horseswere
thencategorisedor radiopharmaceuticalptakeasnormal/mildor moderate/markeceferringto the
subjectiveassessmertf intensityof radiopharmaceutical uptakegionof interestanalysisvasnot
performed. Althoughhereis noway to determinethe cut off betweemormal, load-elatedand
pathologicradiepharmaceuticalptake we usedthis simplearbitrarycut off for our classificationof
horsedan orderto'excludehorseswvith mild changessbeing unlikelyto represenpathology.This

is supported by the findings of others J11

The angle of thesolarplane of thelistal phalanxrelativeto the groundsurfacewasgraded
subjectivelyaspositive, neutral or negativBleasuremenof specificangleswvasnotattemptedA
ruler washeldhorizantallyat thelevel of the toe of thelistal phalanx orscintigraphidmages
Sinceimageorientationis not manipulatediuringimageacquisition and processintie perimeter
of theimageasviewedon the workstationis thereforerepresentativef thetrue groundsurfaceon
which thehorsewasstanding andanbeusedasareferencdor the horizontallmageswvherethe
palmar/plantaprocessesxtended below the horizontakregradedasnegative(<0 dgrees) above
aspositive(>0.degreespnd,in thosewheretheywereparallelto it, wereclassifiedasneutral(O
degrees)HorseswheseMC3/MT3 bonewasnotorientedapproximatelyperpendiculato the
ground suiaceonscintigraphiamages(n = 1),andthosewith poordistallimb uptake of

radiopharmaceuticg¢h = 2) wereexcluded.

Performancealata

Datafor raceperformancerior to scintigraphicevaluationvasobtainedrom an onlinedatabase

(www.racingaustralia.cojnThis includedwhetherhorsesstartedn arace,number ofstarts places,

andprize money.Prizemoney pestat andplacesperstartwerecalculatedPrizemoneyearned

andprize money pestartwerelog transformedlog(dollars+1))for analysis.

Data analysis

Repeatability
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Repeatabilityof scintigraphidmageevaluatiorfor readingoneversus readingvo, andbetween
scintigraphic andadiographicevaluationof solarangleweredeterminedusing the Kappatatistic
() [18]. Thek wasinterpretedas<0.40 pooragreement).40-0.75air to goodagreemenand

>0.75excellentagreement19].

For a comparisomo be madewith performancea singlesolaranglegradefor forelimb andfor
hindlimbswasrequired Horseswereassigned singlegradefor theforelimb andfor the hindimb
correspondingo.thegradeof the foot,left or right, closesto a negativesolarangle The perceived
'worst case’foot wasusedfor theclassificationbasedon previousstudiesemployingsimilar
methodology20-22&ndbasedon evidence that a negatiselarangle(or morelong toe/lownheel
conformatiorwheresolaranglewasnotevaluated)may bedetrimentain regardsnjury, joint
forcesor ‘balance’[17, 23-2§. Grouping ofradiopharmaceuticalptakeasnormalmild and
moderate/markediasbasedon datawhich demonstrated significantreductionin postdiagnosis
performancen horseswith moderate/markechdiopharmaceuticalptakein previouswork from

our hospita[14]:

Descriptivestatistics

Continuous vagdbles(age,number ofstartsandplaces prize moneyin Australiandollars(AUD),
prize money pestartandplacesperstart)arereportedasmedian(25th percentile[Q1]- 75th
percentile[Q3});while categoricalvariables(radiopharmeeutialuptake solarangle,sexand
whetherthe horsestartedn arace)arereportedasthe number (proportiorgresentResultsare
reportedfor all.horsesgrouped byorelimb andhindlimb solarangle, and grouped lgrelimb and

hindlimb radiopharmaceuticalptake.

Associatiorbetweersolarangle andaceperformance beforgcan

Associationbetweersolarangle andaceperformancevasexamined usingpgistic regressioror
binary data(whetherthe horsestartedarace);negative binomialegressiorior countdata(number
startsandplaces)andanalysisof covariancdor continuoussariablegpercentagef startsplaced,

prizemoney, prizemoney pstart). The horse’ sexand agevereforcedinto all models.

Multivariable analysis

Univariablelogistic regressiorwasusedto screersolarangle horse signalment amece
performancevariablesfor associatiowith increasedadiopharmaceuticalptakein forelimbsand
hindlimbs,with Pvalue<0.2resultingin inclusion of the variable in thaultivariableregression

model building Separatenultivariableregressiormodelswerebuilt for forelimbsandfor
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hindlimbs.If thelikelihood ratio testwas<0.05variableswvereretainedn themultivariable
regressiommodel[27]. All variables not includeith thefinal modelwereevaluatedaspotential
confounders byesubmissiotnto the model onat atime. Variableswereretainedn the modelif
the oddgatio (OR) waschanged by >209%28]. TheHosmerLemeshowgoodness-ofit testwas

usedto assessthefit of the final multivariablemodels[29]. Stata12.1 wasusedfor all analyses.

Results

Horses

A total of 359horsesvereincludedin the studyOf thesel1% (40/359)wereentiremales,45%
(161/359) geldingsiand 44% (158/3%@nales.The medianageat scanwas3 years(Q1; 3- Q3; 4).

Repeatability,
Fromthe 359 horses examinestintigraphiamageswereobtainedor 1026feet. Of these7.1%

(73/1026) changesbblarangle grade by 1 degréem thefirst to the secondassessmen{positive
to neutral [n =22];neutrdb positive [n = 10]; neutrab negative [n = 6]; negativi® neutral [n =

35]). Repeatabilityof scintigraphicsolaranglegradewasexcellent(x = 0.89, 95%CI1 0.87-0.91).

Therewere53feetwith bothscintigraphicandradiographicimages Forty-nine ofthesefeet(94%,
49/53)wereclassifiedasthe samesolarangleusingeachmodality.In the fourmisclassifications,
horsesveregradedscintigraphicallyasneutralbut wereradiographicallynegative by 1 degrde =
2), postive by 1 degreén = 1) orwerescintigraphicallynegativebut wereradiographicallyneutral
(n=1).Agreemenbf scintigraphicandradiographicsolaranglegradewasexcellent(x = 0.88,
95%Cl 0.75-0:97):

Scintigraphicexamination

Horsesunderwenseintigraphicexamination of thaéindlimbs(n = 111),forelimbs,(n = 94) orboth
fore and hindlimbgn = 154).Radiopharmaceuticailptakein the palmar/plantaaspecbf the
condyle ofMC/MT3 wasclassifiedby horseasnormal/mild(n = 137fore/n= 156 hind) or
moderate/marketh = 111 fore/n= 109 hind)pasedon themoreintensegradewhenleft and right

weregradeddifferently.

Solarangleandradiopharmaceuticalptakegrades
Themajority of horses had theamesolarangle gradén bothforelimbs(74%, 183/248).0Of the
26% (65/248)with differing solaranglegrade only 15% (10/65differed by morethanone grade

(solaranglepositiveandsolaranglenegative) Similarly, in the hindlimbs,mosthorses had the
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samesolaranglein left andright (71%,189/265), and of the 29% (76/26&ith differing solar
angle grade, only 5% (4/76)fferedby morethanone gradedolaranglepositiveandsolarangle

negative).

A greaterproportion offorelimbswereclassifiedashaving gpositivesolarangle 62%[130/248]),
than neutral (84% [84/248]) or negative (14% [34/248f)horseswith a negativdorelimb solar
angle, 70% (24/34alsohad moderately/markedigcreasedadiopharmaceuticalptake The
distributionwasreversedn hindlimbswith thesolaranglepositive in 14% (38/265), neutrah 26%
(68/265)andnegativan 60% (159/265)0f horseswith negativehindlimb solarangle 57%
(91/159)alsohadmederately/markedlincreasedadiopharmaceuticalptake(Table 1).

Performancealata

In total 72% (259/359pf horses hadtartedn atleastoneraceprior to scintigraphic examination.
Themedian(Q1-Q3) number ofracestartswas3 (0-9), placesl (0-4), placesperstart27 (0-50),
prize moneyearnedb5400(0-47,209) angrize money pestart$2998 (800-7839)Table2).

Associatiorbetweersolarangle andaceperformance beforgcan

Horseswithsasneutral or negativierelimb solarangleweremorelikely to havestartedarace(OR
3.3; 95%CI 1.5-7.4; P = 0.004 a@xR 18.2; 95%Cl 2.2-146.7; P = 0.06Fspectively)earned
moreprize money(Geometriomean[GM] ratio 1.9; 95%CI 1.2-3.2; P = 0.007 a@dM ratio 2.2;
95%CIl 1.1-4.3; P = 0.027) amaize money pestart(GM ratio 1.9;95%CI 1.2-2.8; P = 0.00and
GM ratio 2.1;95%CI1.2-3.7; P = 0.010) compeadto horseswith a positiveforelimb solarangle
While horseswith a'negativdorelimb solaranglehadplacedin a higher proportion ddtarts
(Difference.12.0;95%CI 2.6-21.3; P = 0.01anhorseswith a positiveforelimb solarangle,

therewasno associationbetweersolarangle and the absolute numbestartsor places(P>0.05).

Horseswith @ negative hindlimisolarangleweremorelikely to havestartedarace(OR 3.0;
95%CI 1.3-7.2; P =0.013), had a higher numbgilaées(OR 1.7; 95%CI 1.1-2.7; P = 0.021),
placesperstart(Diff. 11.4; 95%CI1.3-21.5; P = 0.027)arnedmoreprize money(GM ratio 2.1;
95%CI 1.1-470; P = 0.031) and prizemoney gtart(GM ratio 2.1;95%CI 1.2-3.7; P = 0.007han
horseswith a posttive hindlimtsolarangle.Therewasno associatiorbetweerna neutrahindlimb

solarangleandperformance (P>0.05).

Forelimbmultivariableanalysis

Of the ninevariablesscreenedor associatiorwith increasedadiopharmaceutical uptakethe

forelimbs;solarangle ageat scanandprize money pestartwereretainedn thefinal model.
This article is protected by copyright. All rights reserved
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Horseswith neutral(OR 2.14, 95%CI 1.2-3.9, P = 0.014) or negatetarangle(OR 2.76, 95%CI
1.2-6.3, P = 0.015), horsdsatwereolderat thetime of scan(OR 1.32, 95%CI 1.0-1.7, P = 0.043)
and horsethatearnedmoreprize money pestart(OR 1.39, 95%CI 1.2-1.7, P = 0.001) hgwbater
odds ofanassociatiorwith moderate/marketbrelimb radiopharmacuticalptake(Table3).

Hindlimb multivariableanalysis

Five of ninevariableswereretainal in thefinal hindlimb model.Of these fwo wereassociatedvith
greaterodds afanassociatiorwith moderate/marketindlimb radiopharmaceuticalptake:
negativesolarangle(OR 6.10, 95%CI 1.2-6.3, P<0.0001), asarningmoreprize money(OR 1.45,
95%CI 1.2-1.7, P<0.0001Horseswith a reutralsolaranglehad nogreaterodds ofanassociation
with increasedadiopharmaceuticalptake, nowith agreatemumber ofstarts placesor greater

ageatscan(Table3).

Discussion

We have shown that @@ammonfootimbalanceobservedn Thoroughbredacehorsescharacterised
by a neutralferelimb) or negative fore andhindlimb) solarangle of thalistal phalanx;s
associateavith.increasedadiopharmaceuticalptakeat the palmar/plantaaspecof the condyles
of theMC/MT3. In.addition, lorseswith betterperformance prioto presentationyveremorelikely
to have anéutralornegativdorelimb solarangle a negative hindlimBolarangle andincreased
radiopharmaceutical uptake.

Our findingsaresimilar to those of previoustudiesthathaveidentifiedanassociatiorbetween
variousmeasurement®latingto foot shape otbalance’andinjury more proximally in thelimb
[24,30-32]. Catastrophic suspensory appartilisre was6.75timesmorefrequentin horseswith a
10 degredifferencebetweerntoe-heelangle [24]in Thoroughbredacehorsesxaminedaspartof
the CaliforniaHorseRaceBoardPostmorteniProgram Similarly, severelyunderrurheels
(determinedhrough comparison abe andheelangle)wereasignificantrisk factorfor suspensory
apparatugailure.in racehorses; Oklahoma [31 Neitherof thesestudiesincludedperformance
datain their anaysissoit is not possiblé¢o determinevhethermracingability or speedvere
contributingfacteisifMansmanret al. [32] demonstratethata negativesolaranglein a hindimb
wasassociateavith prominent gluteal pain, arwbrrectionof that dorsoplantambalanceresulted
in resolutionof pain.Despitethesestudies, terehasbeenlimited work to date on a possible
relationshipbetweenanymeasuremerthatmay be considered a contributiorfoot ‘balancéand
injury of themetacarpo(tarso)phalanggaint (MCP/MTPJ. Themostdetailedstudyof
subchondral bonmjury in the region of th&ICP/MTPJof Thoroughbredacehorseslid not

examinefoot characteristicasarisk factor[33].
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Thereareatleasttwo possible explanatiorfer the observedssociatiorbetweersolarangle and
intensityof MC/MT3 condylarradiopharmaceuticalptake; a neutrgforelimb) or negativgfore
and hindlimb)solaranglemay contributeto MCP/MTPJinjury or subchondral bone adaptation,
mostlikely becauseolarangleaffectsbiomechanicsnoreproximallyin thelimb or, thecauss of
theincreasedadiopharmaceuticalptake andolaranglearethesame The centreof pressureof the
foot relativeta the centreof rotationof theMCP/MTPJaffectsjoint surfaceloadsin cantering
horsesat midstancd6]. For fastergaits modellingdataindicatemaximumloadsat the palmar
(plantar)condyles othethird metacarpa{metatarsalpones occur aroundidstancevhenthe
MCP/MTP jointis in.extensior{4]. Moving thecentreof pressuratthis pointforwardincreases
theleverarmgeneratingorque around thICP/MTPJandresuling in higher load orits
palmar(plantarrondyles of théhird metacarpa{metatarsalponesyeneratedy the contactforce
applied bythe proximalsesamoidones andeneratedvholly by thesuperficialdigital flexor
tendon andhe suspensonapparatusvhilst the joint is hyperextendefb]. Differencesn
dorsopalmar/plantéoot ‘balance’occurring naturdy with foot growth[16] andevaluatedusing
solaranglein individual horses [174ffectthemomentarmof theDIPJ[14, 17] andnaytherefore
alsohave areffecton MCP/MTP joint contacioads.Overan 8 weekcycle of growth, adecreasén
hoof angleoccurredandresultedn the centreof pressureat mid stancemovingfartherdorsally
from the centre.of rotationof theDIPJ[14] andat 15, 50 and 86% of th&ancephasesolarangle
wasnegativelyeorrelatedo the DIPIJmomentarm[17]. Higherjoint loadsresultin a shorter
fatiguelife of the subchondral borandthereforeincreaseherisk of subchondral bon@jury [3].
Alternately,factorsleadingto increasedC/MT3 condylar radiopharmaceutical uptakayalso
causehesolarangle of thalistal phalanxto becomemorenegative For example, superior
performing harsemay competeat fasterspeedsand/orfor longerresultingin bothMC/MT3 bone
injury andthe development of a negatigelarangle In the current studyjorseswhich had
superior performance records priopresemationweremorelikely to haveincreased

radiopharmaceutical uptake.

Theassociatiorof solaranglewith superioraceperformances interesting Measuremenof
forelimb dorsal hoofvall angle orthe day of aracewasnotassociateavith performancen that
race[34] howeverdorsal hoatall measuremeniareonly moderatelycorrelatedwvith solarangle
[35]. Previouswork disputedanold but popular theorthatfarrier modificationsto promote dong
toe lowheelconformationncreasedtridelengthand consequently, velocif$6,37]. Our datamay
supporttheassociatiorof a negativesolarangle and superigrerformanceBetterperforming

horsegnaystayin work longer and havgreateropportunityfor the angulation of thdistal phalanx
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to changan regonseto farrier intervention[38], environmental or workloafhctors which are
speculatedo contributeto changesn solarangle[39, 40, 41]ratherthanthe solarangle pese,
being advantageousr performanceAlthough whether our findinglsoreflectsthewider
populationof Thoroughbredacehorsess unknown.Mechanicaloadis consideredo be one a
severalstimuli which mayresultin alterationof hoof morphology althougbxperimentakvidence
for asignificantresponseo this form of stresds limited [39]. It is generallyacceptedthatdueto
the hoofmechanismthe heelregionis more proneto wearthanthetoe[42]. Theresultof thiswear
Is thoughtto resultin amoresloping hoof angle ovaime althoughtherearefew studies
demonstratinghis [16].

Therewerena significant changeas hoof morphology of Standardbreds expogechoderatespeed
trot work overa number ofveeks[43] and morphological responsestioé distal phalanxto
exercisearealsominimal [44]. It is possiblehesestudiesdid not exposehe subjectdo sufficient
magnitude or-duration @Xxerciseo produce notable responsasnorphology Greaterforce has
beenmeasuredittheheelregionof the long todow heelfoot [45]. It hasbeensuggestedhatin
horses workingt high speedsthe forcesappliedin theheelregionmayresultin acycle of tissue

injury and hoof deformation through chronic overload [46] alth@aaiéntific evidences lacking.

Theage of theshorse hassobeenshownto be influentialin hoof conformatiorj47] with a change
towardlong toe/lowheelconformationin 2-3yearoldsversus youngednorsesThe authors othat
studyattributedthe’chang¢o farrier intervention.In our study the agengewas2-9yearssoall
horses would haveeentrimmedand shodor areasonabl@eriodof time before inclusionn the
study.Somemeasurementhiatcanbeusedto asses$oof ‘balance’,includingsolarangle,canbe
alteredby farrier intervention38] sotheremay bean effect of farrier on solaranglein our study
population. Unfortunately, due theretrospectivenature othis studyit wasnot possibléo

investigataf thiswasthecase

Therearea'numberoareasvherethe potential for bias should be considergsll horsegresented
for scintigraphic evaluation due lamenes®r poorperformanceWe do not knowwhatproportion
of racehorsesyotperceivedo have a problem, wouli@ll into eitherof ourdisease
(radiopharmaceuticalptake) or exposuresdlarangle)categoriesoour findingsmay not be
representativef a typicalracehorsgopulationLamenessvasnotalwayslocalisedusingregional
anaesthesitechniquesothe contribution ofnoderatesevereadiopharmaceuticalptaketo
lamenessvasnotdefinitively determinedor everyhorse However,it wasnot the purpose dhis
studyto differentiateradiopharmaceuticalptakeassociateavith paincausingamenessPrevious
work from our hospital, using a subset of therdesincludedin this study,identifieda reductionn
post diagnosisaceperformancen horsesvith moderate/markedondylar uptakecomparedvith
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lessergradeq11], which supportourinterpretationof theclinical importance ofthis finding in this
study populationDiseasestate(moderaténarkedradiopharmaceuticalptake)wasdeterminecdat
thetime of clinical presentationAt thatstagewe had notconsideredhe possibility of arelationship
betweerthesolarangleof thedistal phalanx andadiopharmaceuticalptakeatthe MCP/MTPJ so
although the joint andistal phalanxcanbe seenon thesamescintigraphiamage,we areconfident
this hasnot influencedthe radiopharmaceuticalptake gradelhe subjective grading of
radiopharmaceuticalptakecouldhavebeenmorerobust byuseof regions ointerest(ROI)
analysis [48] however, identifying‘aormal’ ROI at thedistalaspecbf theMC/MT3 bones of
racehorsesanbe challengingSincea singleexperiencedlinician gradedall imageswe
consideredh subjectiveappraisalvassufficient.ldeally therepeatabilityof radiopharmaceutical
uptakegradewould"havebeenassessetowevertherewasnoway to performthis without
concurrenvisibility of the hoofpastermalignmentsowe did notconsiderregrading’ could be
performed withoubias.The use oflateralimagesto gradeintensityof radiopharmaceuticalptake
couldresultin the potentiafor errorin thatradiopharmaceuticalptakein themedialandlateral
condylesaresummed atherthandescribedndividually. A single observer gradedlarangle;
anatomiadetailisdaekingin scintigraphiamagesand areferencdor groundsurfaces only
extrapolatedvhich couldlimit accuracyWe excluded horses thaterenot deeme to bestanding
square duringmageacquisition andisedarulerasa guidelingo determine theolarangle
classificatiorwherethe perimeterof theimagewasconsideredepresentativef the groundurface.
Thesestepsweretakento maximiseaccuracyand reduce the potentifbr observebias.PerFleiss
et al. [19] thescintigraphicsolarangleassessmemhethod showedxcellentrepeatabilityand
agreemenivhencomparedvith radiographicallydeterminedolarangle This suggests the

techniquds robustat leastwithin the single oberver

Conclusion

Greaterawarenessf.theassociatiorof solarangle of thelistal phalanxwith increased
radiopharmaceutical uptakethe MC/MTPJ, mayimprove the management and prevention of
musculoskeletabroblemsn athletic horsesFurtherwork examining thdviomechanicaéffectsof

differencesn the angle of thdistal phalanxarewarranted
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Table 1: Frequencylistributionof forelimb (n = 248) anchindlimb (n = 265)solarangleof thedistal phalanx andadiopharmaceuticalptakeat the

palmar/plantaaspecof the condyles of thinird metacarpal/metatarsabne(MC/MT3)

Radiopharmaceutical upteke MC3

None/Mild Moderate/Marked
(n=137) (n=111)
Positive
89 (68.5) 41 (31.5)
(n'=130)
Forelimb Neutral
38 (45.2) 46 (54.8)
solar angle (n =84)
Negative
10 (29.4) 24 (70.6)
(n£34)
Radiopharmaceutical uptakeMT3
None/Mild Moderate/Marked
(n = 156) (n=109)
Positive
32 (84.2) 6 (15.8)
(n'=38)
Hindlimb Neutral
56 (82.4) 12 (17.6)
solar angle (n ='68)
Negative
68 (42.8) 91 (57.2)
(n-=-159)

Table 2: Descriptivestatisticsof horse signalment amdceperformanceprior to scintigraphic evaluatiofor all horses and grouped bglarangleof the
forelimb (n = 248) andindlimb (n = 265)distal phalanx and byadiopharmaceuticalptakeat thepalmar/plantaaspecof thethird metacarpal/tarsal
(MC/MT3) bone.
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Sex n (%) Median Median ) ) ) ) )
) Start a Median places Median prize money Median prize money
Median age number of number of
n (%) ) race per start earnedAUD earned per start AUD
Male Female Gelding at scan %) starts places (01.03) (Q1.03) (01.03)
n (% - - -
(Q1-Q3) (Q1-Q3) (Q1-Q3)
40 (11) 158 (44) 161(45 3(3-4 3(0-9 1(0-4 27 (0-50 5400 (0-47,209 2998 (800-7839
All horses a) 11) (44) (45) (3-4) 250 (72) (0-9) (0-4) (0-50) ( ) ( )
Forelimb SA
Positi 130(52) 14 (11) 49(38) 67 (52) 3(3-9) 90 (70) 3(0-11) 1 (0-4) 23 (0-50) 4677 (0-44,550) 2396 (970-7839)
ositive
Neutral 84(34) 11(13) 35(42) 38(45) 3(3-9) 70 (83) 5 (1-10) 2 (0-5) 33 (0-50) 13,000 (932-98,486) 4134 (1683-8057)
eutral
Negati 34 (14) 4(12) 16(47) 14 (41) 4 (3-4) 33 (97) 5 (2-11) 2 (0-4) 37 (0-54) 9000 (1000-91,600) 2327 (357-15,614)
egative
Hindlimb SA
38 (14 22 (58 3(2-4 22 (58 1(0-6 0 (0-2 0 (0-33 0 (0-13,460 1707 (0-6730
Positive (14) 0 16 (42) (58) (2-4) (58) (0-6) (0-2) (0-33) ( ) ( )
Neutral 68+(26) 11 (16) 27 (40) 30 (44) 3(3-4) 41 (60) 1 (0-8.5) 0 (0-4) 0 (0-51) 225 (0-32,947) 3277 (1136-6597)
eutral
Negati 159 (60) 17 (11) 74 (47) 68 (43) 3(3-9) 128 (81) 4 (1-9) 1(0-5) 33 (0-50) 8400 (0-62,235) 3243 (790-8184)
egative
RU MC3
None/Mild 137 (55) 17 (12) 59 (43) 61 (45) 3(3-9) 90 (66) 2 (0-8) 1(0-3) 14 (0-49) 1800 (0-21,777) 2339 (714-6730)
one/Mi
111.(45) 12 (11) 41(37) 58(52) 4 (3-5) 103 (93) 7 (3-13) 3 (1-6) 40 (20-51) 30,725 (3052-106,575) 3416 (1469-11,450)
Moderate/Marked
RU MT3
None/Mild 156 (59) 16 (10) 73 (47) 46 (30) 3(3-9) 94 (60) 1 (0-6) 0 (0-3) 0 (0-50) 0 (0-23,817) 2550 (333-6570)
one/Mi
(
109 (41) 12 (11) 44 (40) 53(49) 4 (3-5) 97 (89) 7 (3-11) 2 (1-5) 42 (20-53) 15,325 (1450-91,600) 3927 (1252-8231)
Moderate/Marked
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SA =solar angleRU = radiopharmaceutial uptgkdin = minimum; Q1 = 25th percentile; Q3 = 75th percentile; max = maximum; AWWDstralian dollars
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Table 3: Univariablelogistic regressiorandfinal multivariablemodelfor associatiorbetween
radiopharmaceutical uptakethe palmar/plantaaspecof the condyles of thinird
metacarpal/metatarsbbne, angolarangle of thdorelimb/hindlimbdistal phalanx, horse

signalmentndraceperformance prioto scintigraphic evaluation.

Variable Univariable Final Multivariable
OR 95% CI P-value OR 95% ClI P-value
Forelimb (n = 248)
Solar Angle
Positive 1 (ref) 1 (ref)
Neutral 2.63 1.49-463 0.001 214  1.17-3.92 0.02
Negative 521 2.28-11.89 <0.0001 2.76 1.21-6.25 0.02
Sex
Male 1 (ref)
Female 1.05 0.46-2.41 0.908
Gelding 155 0.69-3.49 0.29
Age 154 1.21-1.95 <0.0001 1.32 1.01-1.73 0.05
Sartedin arace
No 1 (ref)
Yes 6.97 3.13-15.51 <0.0001
Number of starts 1.04 1.01-1.07 0.004
Number of places 11 1.03-1.17 0.003
Places per start 1.02 1.01-1.03 <0.0001

Prize money earned (AUD) 1.42 1.24-1.62 <0.0001
Prize money per start (AUD) 1.56 1.32-1.84 <0.0001 1.39 1.15-1.67 0.001

Hindlimb (n = 265)

Solar angle

Positive 1 (ref) 1 (ref)

Neutral 1.14 0.39-3.34 0.807 1.13 0.36-3.55 0.9

Negative 7.14 2.82-18.03 <0.0001 6.1 2.24-16.58 <0.0001
Sex

Male 1 (ref)

Female 0.85 0.46-2.34 0.692

Gelding 1.03 0.46-2.34 0.937
Age 149 1.19-1.87 <0.0001 1.28 0.89-1.84 0.2
Sarted in arace

No 1 (ref)

Yes 5.13 2.61-10.07 <0.0001
Number of starts 1.05 1.02-1.08 0.002 1.06 0.96-1.17 0.2
Number of places 1.10 1.03-1.17 0.003 0.85 0.70-1.02  0.09
Places per start 1.02 1.01-1.03 <0.0001

Prize money earned (AUD) 146 1.29-1.65 <0.0001 145 1.20-1.74 <0.0001
Prize money per start (AUD) 1.60 1.37-1.88 <0.0001
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