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ABSTRACT

Between July 1, 1983 and Decem-
ber 31, 1990, risk factors were
determined for all horses with joint
disease presented to a referral cen-
ter, of being discharged, of ever
becoming sound, or of being alive at
3 mo follow-up. Logistic multiple-
regression models were done sepa-
rately for foals (s 4 mo), yearlings
(> 4-24 mo) and racing or non-
racing adult horses (> 24 mo). The
breakdown in this study was
53 foals, 87 yearlings, 141 non-
racing adults, and 226 racing
adults. Thirty-one foals (58%),
68 yearlings (78%), 119 non-racing
adults (84%), and 213 racing adults
(94%) were discharged. Foals with
a less severe lameness, duration of
illness of > 1 d, and infectious
arthritis had increased odds of dis-
charge. At follow-up, 12 of 18
(67%) were alive, 10 (56%) of
which were sound. Yearlings with
osteochondrosis had higher odds of
discharge; at follow-up, 38 of 49
(78 %) were alive, 32 (65 %) of
which were sound. For non-racing
adults, horses with less severe lame-
ness, without a miscellaneous diag-
nosis, or intended for pleasure use
had increased odds of discharge. At
follow-up, 55 of 78 (70%) were alive
and 33 of 58 (57%) with soundness
data became sound. Risk factors for
higher odds of being alive at follow-
up were carpal lameness, arthro-
scopic surgery, a prognosis other
than poor, became sound, above-
median hospitalization costs, and
duration of follow-up. The 161 rac-
ing adults (76% of discharges), with
follow-up, were more likely to have

had osteoarthritis, higher hospital
costs, hospitalization > 1 d, and
arthroscopy. Sixty-four (60%) of
these became sound; the odds
increased if the horse was not
severely lame at admission or was
hospitalized for > 1 d. Risk factors
and prognosis differed by age-use
group among horses seen at our
hospital.

RESUME

Entre le ler juillet 1983 et le
31 decembre 1990, les facteurs de
risques associes a l'obtention du
conge, le retour eventuel "a un etat
sain et le fait d'etre vivant a un exa-
men de suivi apres 3 mois, furent
determines pour tous les chevaux
presentes a un centre de reference
avec des problemes articulaires. Des
modeles de regressions logistiques
multiples ont ete etablis separement
pour les poulains (' 4 mois), les
jeunes (> 4-24 mois) et les chevaux
adultes (> 24 mois) coureurs ou
non. La repartition des animaux
etait la suivante: 53 poulains,
87 jeunes, 141 adultes non-coureurs
et 226 adultes coureurs. Trente
et un poulains (58 %), 68 jeunes
(78 %), 119 adultes non-coureurs et
213 adultes coureurs (94 %) ont
obtenu leur conge. Les facteurs
suivants augmentaient les chances
d'obtenir un conge: boiterie peu
severe, duree de la condition > 1 j et
arthrite infectieuse. Lors de l'exa-
men de suivi, 12 des 18 poulains
(67 %) etaient toujours vivants et 10
(56 %) etaient sains. Les jeunes avec
de l'osteochondrose avaient plus de
chances d'obtenir leur conge; lors

de l'examen de suivi, 38 des 49
(78 %) etaient vivants et 32 (65 %)
etaient sains. Pour les adultes non-
coureurs une plus grande probabi-
lite d'obtenir un conge etait asso-
ciee avec une boiterie peu severe,
I'absence d'un diagnostic de type
divers, et une utilisation comme
monture de loisir. Lors de l'examen
de suivi, 55 des 78 chevaux (70 %)
etaient vivants et 33 des 58 (57 %)
etaient gueris. Les facteurs de
risque associes a une plus grande
probabilite d'etre vivants lors de
l'examen de suivi tetaient: une
douleur carpienne, une chirurgie
arthroscopique, un pronostic autre
que pauvre, la guerison, des couts
d'hospitalisation au-dessus de la
mediane, et la duree du suivi. Les
161 chevaux adultes coureurs (76 %
de ceux ayant obtenus leur conge)
ayant eu un examen de suivi etaient
plus susceptible a avoir eu une
osteoarthrite, des cofuts d'hospitali-
sation plus eleves, une hospitalisa-
tion de > 1 j et une arthroscopie.
Soixante-quatre (60 %) ont gueri;
la probabilite augmentait si le
cheval ne souffrait pas d'une boi-
terie severe lors de l'admission ou
etait hospitalise pour > 1 j. Les fac-
teurs de risque et le pronostic dif-
ferent selon le groupe d'age des
chevaux et l'utilisation 'a laquelle ils
sont destines.

(Traduitpar le docteur Serge Messier)

INTRODUCTION

Based on 1996 data from the Amer-
ican Horse Council, reported by the
Barents Group LLC in The Economic
Impact of the Horse Industry,
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horse-related business in the United
States generates about $25 billion
annually. Several epidemiologic stud-
ies have evaluated causes of loss of
horses from the Thoroughbred racing
industry (1-3). Lameness was the
most significant factor responsible for
failure to race. Of 600 racehorses
studied in Germany, 401 horses were
reported to have training failure (60%
of these caused by lameness) (3). In a
2-year study of wastage among race-
horses in England, the number of
horses experiencing lameness ranged
from 36% (1) to 52% (2).
The most common sites of lame-

ness in Thoroughbreds at the race-
track were foot, carpus, metacarpo-
phalangeal/metatarsophalangeal joints
(2,4) and muscle (2). Standardbreds
were afflicted with foot problems,
tendon and ligament lesions, and joint
injury (4). Joint abnormalities
accounted for approximately 32% of
all lameness cases reported by Rose
(4). Twenty percent of all lameness
problems in horses presented to Cor-
nell University over the time course
of this report had joint disease as the
primary problem (5). Previous reports
document the common sites of joint
disease (2,4) and others address the
outcome of different joint diseases,
usually following conservative or sur-
gical therapy. For example, in 2
recent studies of proximal phalangeal
osteochondral fragments, the progno-
sis was associated most consistently
with surgical findings (6,7). Another
study compared the outcome follow-
ing arthrotomy or arthroscopy in
horses with osteochondrosis lesions in
the femoropatellar joints (8), and
comparisons were drawn between the
2 surgical treatments. Similar studies
evaluated prognoses in racehorses fol-
lowing treatment for osteochondrosis
dissecans lesions from the tarsocrural
joint (9-11) and the femoropatellar
joint (12,13).

However, reports that evaluate
prognostic indicators (derived from
signalment, history, physical exami-
nation findings, diagnosis, and treat-
ment) in toto for the short- and long-
term outcomes for horses affected
with a variety of joint diseases in a
clinical setting are lacking. These fac-
tors, together with consideration of
the intended or current use of the
horse, are all used by the clinician
when discussing the prognosis with

the client prior to initiation of treat-
ment. Although the prognosis may be
modified as other diagnostic tests and
treatment are undertaken, it is impor-
tant to provide owners with informed,
objective information when assessing
the potential of horses affected with
joint disease to survive and perform
again.
The purpose of this study was to

describe the distribution of joint dis-
eases in horses presented to a referral
hospital with a diagnosis of lameness
due to joint disease, and to determine,
using logistic multiple regression,
which signalment, physical examina-
tion, and diagnostic and treatment
variables were significant indicators
of whether the horse was discharged
alive from the hospital, as opposed to
dying or being euthanized during hos-
pitalization. Cost and length of hospi-
tal stay were also evaluated for their
associations with the outcome. Long-
term follow up was evaluated in the
same manner for the outcomes "still
alive at follow-up" (non-racing adult
horses) and "ever became sound"
(adult racehorses). Logistic multiple
regression allowed for simultaneous
examination of more than one predic-
tor variable for a successful outcome.
Simultaneous examination of vari-
ables is important because it "cor-
rects" for relationships among the
predictor variables.

Animals were grouped according to
age (foals: ' 4 mo; yearlings: > 4 to
24 mo, adults: > 24 mo) for statistical
evaluation, because the age of the ani-
mal would likely be related to the
diagnosis and, therefore, to the out-
come following treatment. Adult
horses were divided into non-racing
and racing, with the intended uses
declared at admission, because use
might relate to management, diag-
noses, and financial decisions.

MATERIALS AND METHODS

Medical records of all 513 horses
admitted to the Equine Hospital at
Cornell University for lameness
attributable to joint disease between
July 1, 1983 and December 31, 1990
were reviewed. Six lame horses with
no recorded age were omitted, leaving
507 for analysis. Two additional data
subsets included all the non-racing
and racing adults discharged alive for

which there was follow-up. An adult
horse that had been discharged alive
was considered to have follow-up if it
had non-missing data for any of the
following 4 variables: alive, follow-
up time, still owned 6 mo after dis-
charge, and sound. Differences,
within subsets, between horses with
and without any follow-up (to look
for evidence of selection bias), were
examined for variables known at the
time of discharge. The chi-squared
analysis was used to test the categori-
cal variables; Wilcoxon's rank-sum
test was used for continuous vari-
ables. All tests for selection bias in
horses available for follow-up were at
P ' 0.10, 2-tailed.

Variables with sufficient propor-
tions of non-missing data and suffi-
cient variation for statistical analysis
included signalment, degree (14) and
duration of lameness, location and
number of joints involved, synovial
fluid analyses, procedures performed,
diagnosis, and length and cost of hos-
pital stay. We had an interest in the
relationship of keratan sulfate concen-
tration in synovial fluid as a prognos-
tic marker, so it was included as a
variable (15). The diagnoses were cat-
egorized as follows: fracture (osteo-
chondral or other), osteoarthritis
(OA), osteochondrosis dissecans
(OCD), infectious arthritis (> 50,000
cells/L or a positive bacteriological
culture in the synovial fluid), or mis-
cellaneous arthroses (eg, traumatic
synovitis).
Within subsets, the potential risk

factors (Tables I-IV) were screened
for association with the subset's
intended outcome at P ' 0.20
(2-tailed). Dichotomous and trichoto-
mous variables were screened by chi-
squared test and continuous variables
by Wilcoxon's rank-sum test. Non-
parametric, rank-based tests were
used because some continuous vari-
ables were not Gaussian. All dichoto-
mous variables were coded: 1 = yes
(factor present), 0 = no (factor
absent).

Variables that passed screening
were examined for collinearity
(within the data subset) for later use
in interpreting final models. Two cat-
egorical variables were tested against
each other by chi-squared test; 2 ordi-
nal and/or continuous variables were
tested against each other by Spearman' s
rank correlation; and a categorical
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TABLE I. Percent" of horses with factor among horses admitted to the Equine Hospital of Cornell University for joint lameness, 1983-90

Foalsb (n = 53) Yearlingsb (n = 87) Non-racingb (n = 141) Racingb (n = 226)
discharged alive discharged alive discharged alive discharged alive
yes no yes no yes no yes no

Factor (n = 31) (n = 22) (n = 68) (n = 21) (n = 119) (n = 22) (n = 213) (n = 13)
Animal breed (52; 87; 140; 226)c
Standardbred 73 46 46 47 20 23 62 38
Thoroughbred 13 32 21 26 22 41 38 62
Other 13 23 34 26 58 36 1 0

Gender (53; 87; 141; 226)
Intact male I58 r50 43 21 10 18 24 38
Castrated male L I 9 21 43 36 36 31
Female 42 50 48 58 47 46 40 31

Severely lamec (36; 62; 108; 149) 41 57 35 63 38 93 31 78
Use (52; 86; 127; 226)
Racing 27 0 34 22 0 0 100 100
Pleasure { 73 {100 19 17 55 14 0 0
Other 47 61 45 86 0 0

Diagnosise
Chip fracture (-; 87; 141; 226) f - 9 0 13 23 31 8
Osteoarthritis (53; 87; 141; 226) 19 9 24 32 66 50 42 38
Fracture (notchip) (-; 87; 141; 226) - 9 16 15 36 31 38
Osteochondrosis (52; 87; 141; 226) 13 18 62 26 8 14 8 31
Infectious arthritis (52; 86; 135; 218) 61 29 90 74 96 81 96 69
Miscellaneous diagnoses (53; 87; 141; 226) 23 27 18 11 9 23 18 0

Joint(s) involvedf (53; 87; 141; 226)
Carpus 16 5 18 16 19 32 48 23
Distal to fetlock 13 5 24 27 7 8
Fetlock 32 14 22 26 26 14 45 38
Hock 39 41 38 53 41 18 18 38
Shoulder or hip 13 23 12 26 4 9 < 1 15
Stifle 26 36 32 16 9 9 7 16
Only one jointg 57 55 35 61 46 54 41 46

Procedure (-; 87; 141; 226)
Arthroscopy - 38 0 16 23 40 15
Arthrotomy 7 5 6 9 16 15

a Some rounding error in percentage
I Foals, age c 4 mo; yearlings, 4 mo < age ' 24 mo; non-racing, age > 24 mo; racing, age > 24 mo
c Numbers of horses with non-missing data for foals, yearlings, non-racing adults, and racing adults, respectively
I Severe lameness non-weightbearing, or recumbent vs not lame or only mild or moderate lameness
e Diagnoses and joints are not mutually exclusive within the clusters of factors
I Factor not screened for modeling for foals
9 For non-racing and racing adults, n = 138 and 224, respectively
Data enclosed with parentheses ({) have been pooled

variable vs an ordinal or continuous
variable was tested using Wilcoxon's
rank-sum test or the Kruskal-Wallis
test, for dichotomous or trichotomous
categorical variables, respectively.
Collinearity was declared at P ' 0.10,
2-tailed.

After screening and collinearity
checks, but before modeling, dummy
(yes/no) variables were created for the
trichotomous variables, gender (intact
male, female, male castrated; pooling
of gender groups was sometimes done
based on similar-appearing uncondi-
tional associations and sample size)
and breed (Standardbred, Thorough-
bred, other). Lameness score was
dichotomized: severely lame (severe
lameness, non-weight-bearing or
recumbent) or not severely lame (no,
mild, or moderate lameness), as were
the number of joints (1 or > 1) and
duration of hospitalization (' 1 d or

> 1 d; < 1 d implied an outpatient visit
but still was considered hospitaliza-
tion). Continuous variables were
dichotomized at their medians,
because we could not demonstrate lin-
earity in the odds across the ranges of
the observed values for 3 variables,
ie, we had to categorize to avoid vio-
lating assumptions of the models
(16). Variables with many missing
values were deleted at this step (or
earlier - especially if > 50% of cases
were missing), as were dichotomous
variables where less than 10 or
20 cases had the less common answer,
ie, because of poor dichotomous
distribution.
The models were tested by step-

wise, backwards elimination. The
variable with the highest P value on
Wald's test (t = b/SE(b)) was deleted
and the model re-run. If the change in
deviance had P > 0.05, according to

the likelihood-ratio chi-squared, and
the coefficients of the remaining
predictors didn't change more than
-2 standard errors of the coefficient,
then the variable that now had highest
Wald's P in the just-reduced model
was deleted. Those 2 checks con-
firmed that the deleted variable was
not contributing importantly to the
estimation of the log odds and was
probably not confounding the effects
of other factors still in the model (16).
If at any step the deletion caused too
big a change in deviance or in coeffi-
cients, the deleted variable was
returned to the model and the variable
with next highest Wald's P was
deleted. The process was continued
until no more variables could be
deleted. The final (reduced) models
were compared to the subset-specific
models that had only the intercepts,
and were considered significant if the
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TABLE II. Measurements among horses admitted to the Equine Hospital of Cornell University for joint lameness, 1983-90

Foals (n = 53)a Yearlings (n = 87)a Non-racing (n = 141)a Racing (n = 226)a
Discharged alive Discharged alive Discharged alive Discharged alive
yes no yes no yes no yes no

Measurement Percentile (n = 31) (n = 22) (n = 68) (n = 21) (n = 119) (n = 22) (n = 213) (n = 13)
Age (mo) 25th 0.50 0.45 8 7 48 40 40 34
(53; 87; 141; 226)b 50th 1.0 0.88 12 12 77 80 48 47

75th 2.5 2.0 20 24 126 111 67 63
Cost of hospitalization ($) 25th 361 184 173 134 128 138 228 196
(43; 78; 130; 203) 50th 834 363 799 394 191 203 810 579

75th 1564 1093 1226 625 774 423 1143 1304
Duration of hospitalization (d) 25th 2 to 5 1 1 2 to 5 1 1 1 l
(44;74;137;209) 50th >5 >5 2to5 >5 2to5 2to5 2to5 2to5

75th >5 >5 >5 >5 >5 >5 >5 >5
Keratan sulfate in synovial fluid (,ug/ml) 25th 2 9.8 3.4 1.9 4.1 13.9
(-; 24; 24; 60) 50th 2.9 16 5.8 6.4 5.7 24.2

75th 6.6 22 18.2 8.8 11.3 59.3
Total solids in synovial fluid (g/dl) 25th 3.5 4.4 2.8 2.9 2.7 2.8 2.5 3.7
(43;40;29;72) 50th 5.6 5.7 4.2 4.5 3.6 5.6 3.2 6.3

75th 6.3 6.2 6.0 5.5 5.8 6.4 4.3 7.2
a Foals, age c 4 mo; yearlings, 4 mo < age ' 24 mo; non-racing, age > 24 mo; racing, age > 24 mo
I Numbers of foals, yearlings, non-racing adults, and racing adults, respectively, with this measurement

TABLE III. Percent of horses with factor among those with known status as alive or sound on
follow-up (horses > 24 mo old, discharged alive after presentation for joint lameness to the
Equine Hospital of Cornell University; 1983-1990; at least 6 mo of follow-up available)

Non-racing (n = 78) Racing (n = 106)
Sound at follow-up Alive at follow-up
yes no yes no

Factor (n = 55) (n = 23) (n = 64) (n = 42)
Breed (78; 106)a
Standardbred 24 13 58 71
Thoroughbred 24 22 42 29
Other 53 65 b

Gender (78; 106)
Stallion 13 0 17 29
Gelding 46 48 31 43
Female 42 52 52 29

Lamenessc (60; 73)
Severe 44 26 18 46
Not severe 56 74 82 54
Use (78; 106)
Racing 100 100
Pleasure/work 49 61
Other 51 39 -

Diagnosisd (78; 106)
Chip fracture 18 9 44 29
DJD 66 61 39 26
Fracture (not chip) 18 9 31 33
Osteochondrosis 5 12
Miscellaneous diagnoses 23 14

Joint(s) involvedc (78; 106)
Carpus 27 9 55 48
Distal to fetlock 13 39 9 10
Fetlock 34 26 47 43
Hock 46 35 19 14
Only 1 jointe 42 54 32 40

Procedure (78: 106)
Arthroscopy 29 9 64 55
Arthrotomy 12 14

Prognosis (71; 94)
Good 26 31 20 9
Guarded 62 47 61 41
Poor 12 22 18 50
DJD - degenerative joint disease
a Numbers of non-racing and racing horses with non-missing data
bNot applicable
c Severely lame = severe lameness, non-weightbearing, or recumbent at presentation
I Diagnoses and joints involved are not mutually exclusive within general factor category
en = 77 and 105 for non-racing and racing horses, respectively

change in deviance had P . 0.05.
Sample sizes were small, so no other
formal goodness-of-fit tests were
attempted. No interaction terms were
tested; the stratifications into subsets
were intended to address what we
thought would be the 2 greatest
sources of non-homogeneity in
effects, namely age and intended use.
Odds ratios (OR) and their 95% confi-
dence intervals (CI) were calculated,
exponentially from the b's and their
SEs, for variables in the final models.
Where imprecision was great, pre-
sumably due to combinations of small
sample sizes, variability in effects,
collinearity among variables, and pre-
dictions near 0 or 1, some ORs and
upper confidence limits were so large
that we indicated them as "> 100" in
the results. Modeling was performed
using STATISTIX 4.1 for Windows
(Analytical Software, Tallahassee,
Florida, USA).

RESULTS

The foal joints most commonly
involved in lameness were the fetlock,
hock and stifle. Although most foals
(60%) had only single joints involved,
40% had multiple joints affected. In
the short term, foals with multiple
joints involved did as well as those
with only a single joint involved.

Thirty-one of 53 foals (58%) were
discharged from the hospital. Chip
fracture, other fracture, distal (to fet-
lock) location of the lesion, arthro-
scopy, and arthrotomy were ignored
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for modeling because of poor distri-
bution. Gender was dichotomized to
male vs female because there were
only 2 castrated male foals. The vari-
ables that passed screening were
breed, lameness, infectious arthritis,
carpal disorder, fetlock disorder, cost
of hospitalization, and duration of
hospitalization (Tables I and II). Cost
of hospitalization was collinear with
breed, lameness score, and carpal dis-
order, and thereafter duration was
ignored, because it was also missing
for 12 of the 53 foals.

Duration of hospitalization >1 d
and a diagnosis of infectious arthritis
were associated with increased odds
of successful discharge (Table V);
25% of foals had infectious arthritis,
and 61% of those were discharged
alive (Table I). A severe lameness
indicated a less favorable short-term
outcome (Table V). The model had
good fit (P = 0.64) but should be
interpreted with caution because it
was based on only 30 foals, ie, only
30 had non-missing data for all 3 risk
factors. Breed was not retained in the
model, but was partially collinear
with infectious arthritis; 8 of 9 foals
that were not Standardbred or Thor-
oughbred had diagnoses other than
infectious arthritis.
The joints of yearling horses most

commonly involved in lameness were
the fetlock, hock, and stifle. Of the
87 yearlings, 78% (68/87) were dis-
charged from the hospital. No vari-
ables were ignored because of poor
distribution. Ten of 23 potential risk
factors passed screening. When these
10 variables were modeled, the model
reduced to the single variable arthro-
scopy (data not shown). This variable
was collinear with all 9 of the other
variables offered to the model, had an
unstable coefficient, and is not a fac-
tor inherent to the horse. Therefore,
yearling discharge was remodeled
without arthroscopy in the starting
model.
The 9 offered variables reduced to

the diagnosis of OCD (Table V). This
model had good fit (P = 0.52) but was
poor at classifying horses that would
not be discharged alive, even though
that classification was done using the
same data set from which the model
was derived, and should have been
"best case." Nevertheless, yearlings
with OCD had > 4 times higher odds
of being discharged alive than other

TABLE IV. Percentiles of measurements among 24 mo old horses presented to the Equine
Hospital of Cornell University for joint lameness with at least 6 mo of follow-up data;
1983-1990

Non-racing (n = 78)a Racing (n = 106)a
yes no yes no

Measurement Percentile (n = 55) (n = 23) (n = 64) (n = 42)
Age (mo) 25th 46 60 40 40
(78; 106)a 50th 68 96 46 50

75th 122 140 64 69
Cost of hospitalization ($) 25th 152 105 662 467
(71; 99) 50th 286 155 997 919

75th 1016 373 1342 1267
Duration of hospitalization (d) 25th 1 0 2 to 5 1
(75;101) 50th 1 1 2to5 2toS

75th >5 2toS >5 >5
Joint-fluid total solids (g/dl) 25th 2.6 3.2 2.5 2.5
(16; 35) 50th 3.0 6.5 2.8 3.4

75th 3.7 8.6 3.5 5.4
Length of follow-up (d) 25th 433 1142 220 365
(48; 90) 50th 819 1999 337 643

75th 1422 2472 720 1339
aFoals, age ' 4 mo; yearlings, 4 mo < age ' 24 mo; non-racing, age > 24 mo; racing, age > 24 mo
bNumber of non-racing and racing horses with this measurement, respectively

yearlings. The OCD variable was
collinear with all of the other vari-
ables offered except chip fracture,
duration, and gender - so only these
last 3 variables of those offered to the
model were ruled out as assisting in
the prognosis of discharge status.

Yearlings that left the hospital
tended to have lower concentrations
of keratan sulfate in synovial fluid
(n = 64) in the short term than those
that died or were euthanized (Table II).
The most commonly involved joints

in non-racing adult horses were the
carpus, distal phalangeal joints, and
hock joints. Of 141 horses, 119 (84%)
were discharged. The 5 variables
ignored because of poor distributions
were OCD, infectious arthritis, shoul-
der or hip involvement, stifle involve-
ment, and arthrotomy. Of the remain-
ing 16 variables, 10 passed screening:
breed, lameness score, intended use,
fracture, osteoarthritis, miscellaneous
arthroses, carpus involved, hock
involved, number of joints involved,
and cost of hospitalization (Tables III
and IV).
The final model (Table V) had good

fit (P = 1.00) and was based on 95 of
the 141 non-racing adults. In spite of
the good fit, this model was poor at
correctly classifying horses that did
not go home alive. Horses with severe
lameness or with miscellaneous
arthroses had poorer odds of being
discharged alive than other horses.
Horses intended for pleasure use, as
opposed to other non-racing uses, had
high odds of being discharged alive.

These 3 variables also somewhat
proxied most of the other variables
that were offered to, but were elimi-
nated from, the starting model; only
hock involvement had no apparent
association with any of the variables
in the final model.
Out of 226 lame racing adult

horses, all but 13 (6%) were dis-
charged alive. With so little variabil-
ity in the outcome, modeling was not
attempted.

For long-term follow-up, follow-up
was available on 18 of 31 foals dis-
charged alive. Minimum follow-up
was 143 d, median 988, and maximum
1363. Of these, 12 out of 18 were
alive at follow-up, 10 out of 12
became sound, and 7 stayed with their
owners at least 6 mo. There were too
few foals to model the long-term
outcome.
Of 68 yearlings discharged alive,

follow-up was available for 49 of
them. Minimum follow-up was 96 d,
median 509 d, maximum 1520 d.
Thirty-eight of the 49 were alive at
follow-up, 32 of which became sound,
and 20 stayed with their owners at
least 6 mo. As with foals, there were
too few yearlings to model long-term
outcome.

Tests for evidence of selection bias
were performed between the 85 adult
non-race horses with any form of fol-
low-up data, including 7 without data
on vital status and excluding horses
that had been discharged < 3 mo prior
to time of data collection, and the 20
without follow-up. Because 27 tests at
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TABLE V. Final logistic multiple-regression models of risk factors for short-term or long-term follow-up of horses presented to the Equine
Hospital of Cornell University for joint lameness 1983 to 1990

Model
95% Confidence Degrees Goodness

Age-use class Risk factor b SE (b) Odds ratio interval Deviation of freedom of fit
Outcome = Discharged alive from the hospital
Foalsa Severely lame -1.5 1.24 0.22 0.02, 2.5 22.90 26 0.64
(n = 30)b Infectious arthritis 7.9 12.8 > 100 0.00, > 100

Hospitalized > 1 d 10.3 12.8 > 100 0.00, > 100
Constant -8.8

Yearlingsa Osteochondrosis 1.5 0.6 4.5 1.5, 14.0 83.65 85 0.52
(n =87) Constant 0.62

Non-racing adultsa Severely lame -4.1 1.5 0.02 0.00, 0.33 44.06 91 1.00
(n=95) Pleasure use 2.9 1.2 17.5 1.8, 168

Miscellaneous diagnoses -3.8 1.4 0.02 0.00, 0.36
Constant 4.4

Outcome = Still alive at follow-up
Non-racing horsesa Carpal involvement 8.7 15.4 > 100 0.0, > 100 20.64 29 0.87
(n = 36; not stable, Arthroscopy -7.3 15.5 0.0 0.0, > 100
imprecise, Poor prognosis -9.3 15.4 0.0 0.0, > 100
no significant Ever became sound 1.6 1.4 5.0 0.35, 70.7
variables) Cost 2 $192 9.1 15.4 > 100 0.0, > 100

Follow-up . 871 d 0.9 1.6 2.5 0.10, 63.1 -
Constant -0.2

Outcome = Ever became sound
Race horsesa Severely lame -1.5 0.6 0.22 0.07, 0.71 76.27 66 0.18
(n = 64) Hospitalized > 1 d 1.9 0.7 6.5 1.7, 25.1

Constant -0.5
a Foals, age - 4 mo; yearlings, 4 mo < age < 24 mo; non-racing, age > 24 mo; racing, age > 24 mo
bNumber of cases with non-missing data for all variables remaining in the final model

a = 10% (2-tailed) were performed,
2.7 (2 to 3) false-positive significant
results were expected. There were
significant differences in only 2 vari-
ables (arthroscopy and length of hos-
pital stay), so we concluded that there
was no compelling evidence of selec-
tion bias.

Because of the small number (only
2 to 9) of horses in one of the levels of
each of 6 dichotomous variables,
those 6 variables (arthrotomy, shoul-
der or hip location, OCD, miscella-
neous arthroses, infectious arthritis,
and stifle location) were ignored for
modeling. There were only 9 stallions
with follow-up, and only 7 with known
live/dead status, but this variable was
retained because all 7 stallions with
known status were alive at follow-up.
Nine out of 20 variables failed to

pass screening: breed, chip fracture,
OA, fetlock, non-chip fracture, hock,
lameness score at presentation, num-
ber of joints involved, and intended
use of the horse (declared at presenta-
tion). Only 16 horses had data on both
alive at follow-up and joint fluid total
solids, so the latter variable also was
set aside. Just before modeling, gen-
der was dichotomized to stallion
(yes/no), duration of hospitalization
> 1 d vs outpatient or 1 d, and poor
prognosis vs good or guarded
prognosis.

The final model had good fit
(P = 0.87) but was unstable (impre-
cise), had no variable significant on
Wald's test, was based on only
36 horses, and had considerable evi-
dence of possible confounding
among the 6 retained risk factors.
Removal of any variable caused
important changes in the coefficients
of the remaining variables. The model
classified alive horses well, but
not those horses that were dead at
follow-up.
With adjustments for each other,

carpal location of the lameness, not
having arthroscopy, a prognosis at
discharge other than poor, ever
becoming sound, above-median hos-
pitalization costs, and a longer inter-
val between discharge and follow-up
implied better odds of being alive at
follow-up (Table V). Longer follow-
up implies both older age at follow-up
(correlation between age at admission
and length of follow-up: rsp = 0.40, df
= 48, P < 0.01) and earlier calendar
year of presentation. Being a stallion
did not remain in any final model, and
gender was the only variable deleted
during modeling that was not
collinear with variables retained in
the final model. However, all 7 stal-
lions with known live/dead status
were alive (100%); lower 95% confi-
dence limit 40%).

In the analysis for selection bias,
only cost and duration of hospitaliza-
tion, osteoarthritis, arthroscopy, and
infectious arthritis were different. The
difference with infectious arthritis
was discounted, because only 8 horses
didn't have high joint-fluid cell
counts (all 8 had follow-up). Horses
with follow-up were less likely to
have had arthritis, had higher costs,
tended to be hospitalized > 1 d, and
were more likely to have had arthro-
scopies than horses who did not have
follow-up. Because it's likely that 1
or 2 of these last 4 variables were
only different due to chance (26 tests
at 10% were done; 2 or 3 false-
positives were expected), we felt that
there was little evidence of selection
bias in the horses with follow-up.
Of the 106 adult race horses with

soundness data, 64 (60%) were
reported to have become sound after
discharge. Only 2 horses were breeds
other than Standardbred or Thorough-
bred, and there was only one horse
with follow-up among those with a
"high" (shoulder or hip) location of
the joint lameness; therefore, these
2 variables were ignored for the
screening and modeling. Out of
25 variables, the following 15 failed
to pass screening (all P > 0.20): age,
arthrotomy, carpus, cost, distal loca-
tion, fetlock, fracture, hock, number
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of joints, other diagnoses, owned
6 mo after discharge, prognosis at dis-
charge, arthroscopy, stifle, and joint
fluid total solids. Only 5 horses
(1 sound, 4 unsound) didn't have high
joint fluid cell counts, so infectious
arthritis was ignored. Only 8 horses
had OCD, but it was offered to the
starting model. Risk factors associ-
ated with higher odds of adult race
horses ever becoming sound were not
being severely lame at admission and
hospitalization > 1 d (Table V).

DISCUSSION

It is often difficult to provide
clients with accurate short- and long-
term prognoses for survival and func-
tion following diagnosis and treat-
ment of specific joint diseases in the
horse. Certain joint diseases, eg, OCD
involving the tarsus (10-11), carry a
good prognosis for survival and future
performance. However, the prognosis
for survival with other conditions,
such as foals with several infected
joints, is less clear. In effect, a clini-
cian dealing with a horse with joint
disease has to synthesize many physi-
cal examination and diagnostic find-
ings in arriving at a prognosis for the
client. Here, we attempted to apply a
statistical basis to this approach.

Multivariable modeling of lame-
ness data has the advantage that the
variables retained in the final model
are adjusted for each other. Indepen-
dent variables with no discriminating
capacity, eg, equal proportions of ani-
mals falling into each outcome cate-
gory, will not pass screening to be
offered to the models, and collinear
variables will not be retained in the
final models. Our modeling strategy is
not the only possible methodology;
other strategies might have resulted in
different conclusions. However, it
was thought that multivariable meth-
ods could be advantageous over previ-
ous studies of the outcome of joint
lameness.
We acknowledge several limita-

tions of our study. Ours is a referral
hospital, which somewhat limits gen-
eralizations. The submissions were
from several years ago; however, this
allowed for long-term follow-up (our
original intention). Unfortunately, it
became evident that unless we
insisted on a minimum of merely

3 mo of follow-up, we would lose
enough data to decrease our power to
unacceptable levels. The problems
with long-term follow-up and with
missing data in hospital records
caused some models to be based on
only a fraction of the available cases.
Nevertheless, all models converged
and all final models fit with P ' 0. 18.
Also, many of our estimates are unsta-
ble, listed as "> 100" in Table V,
due to small sample sizes, partial
collinearity with other variables,
and/or due to situations in which the
estimated proportions of horses hav-
ing the outcome are close to either 0
or 1. However, the directions of the
associations still allow interpretations.
The 5 models in Table V contain

12 risk factors, of which only being
severely lame (3 models) and hospi-
talization for > 1 d (2 models) appear
in multiple models. If we also con-
sider the yearling model that con-
tained only arthroscopy, then there
still were only 3 variables that
appeared more than once across
6 models. Even if we consider the
several collinear variables that were
offered to models but not retained,
then we still have only 7 of the
12 variables represented in multiple
models, and still only severely lame,
longer hospitalization, and higher
costs in more than 2 of the 5 models.
We feel that this supports our decision
to stratify the analyses on age-use
classes; clearly, the risk factors for
the outcomes differ by age and use of
the horse.

It made sense to us that severely
lame horses were less likely to have
successful outcome. That longer hos-
pitalization and higher costs were
associated with success in multiple
models (either retained or uncondi-
tionally associated with the outcome
and partially collinear with retained
variables) might indicate the owner's
willingness to persevere with the
horse and financial situation. It was
surprising to us that within age and
use class, the horse's signalment (age,
breed, gender, intended use) made lit-
tle difference in outcome - neither
did the particular joint (with 1 excep-
tion) nor the number of joints
affected.

It was interesting to us that the
presence of infectious arthritis was
associated with higher odds of short-
term survival. Our interpretation is

that when foals with septic joints are
given appropriate therapy, they do
respond well, at least on a short-term
basis. During the period of data col-
lection, arthroscopy was not routinely
performed for infectious arthritis in
foals. Instead, they were treated with
repeated needle lavage and systemic
antimicrobials following microbio-
logic culture and sensitivity testing.

In the yearling group, the only risk
factor in the final model, after
arthroscopy was discarded, was OCD.
The favorable outcome for OCD
implies a less favorable outcome for
all other diagnoses associated with
joint lameness in this age group; OCD
affects multiple joints, is often bilat-
eral, and was positively associated
with the stifle joint.
As in some other groups, the adult

non-racing horses with severe lame-
ness had lower odds of being
discharged. This was predictable
because most non-racing horses with
major articular fractures would be
euthanized.
The risk factors that predicted

soundness in racehorses were com-
pletely different from those that pre-
dicted whether non-racehorses would
be alive. This justifies the separate
analyses. "Racing" and "non-racing"
were intended uses declared at pre-
sentation, not at discharge. There
were many Standardbred and Thor-
oughbred horses in the non-racing
data set, so breed differences did not
explain the differences in risk factors
between the 2 data sets. Also, more
money was spent on race horses than
on non-race horses. Adult horses had
higher odds of being discharged from
the hospital following treatment than
yearlings, and yearlings were more
likely to be discharged than foals,
90% vs 70% vs 59%, respectively.
However, once discharged from the
hospital, available long-term outcome
with regard to the owner's opinion of
soundness for these horses was about
60% for each age group.

This was a large data set with mul-
tiple variables. Logistic multiple
regression modeling provided a
unique objective way to evaluate the
prognostic factors. Unfortunately, it is
inevitable when dealing with live ani-
mals that there are countless con-
founding factors and barriers to fol-
low-up information. Nevertheless, we
feel that some meaningful findings
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were evident. These include the find-
ing that most foals with infectious
arthritis did survive at least in the
short term and multiple joint involve-
ment was not a poor prognostic sign.
We showed that the prognosis for
yearlings with OCD was favorable, at
least in the short term. For adult
horses in the long term, the likelihood
of soundness was similar despite the
intended use.
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