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ABSTRACT. The objective of this study was to examine the distribution and risk
factors associated with dorsal metacarpal and metatarsal stress changes in horses
examined scintigraphically for lameness probiems Subjects included 62 Standard-
bred racehorses (STB), 54 Thoroughbred racehorses (TB), and 54 nonracing horses
(NR) which were presented for lameness examination between 1979 and 1988 and
had all 4 imbs examined scintigraphicaliy at the University of [llinois Veterinary
Medicine Teaching Hospital, TB were 4 9 times more likely than NR 1o have at least
one limb affected (p <0 05). STB were not at greater risk than NR. Forelimb changes
were aiso more common in TB (p<0.01). All groups had some prevalence of
increased uptake in the hindiimbs, Two and three year olds were more commonly
affected among TB (p<0.01). Neither males, castrated males, nor females were at

greater risk in any group

- Key words Metacarpus; metatarsus; scintigraphy, stress fracture; horse

INTRODUCTION

Horses are required to perform in a variety
of athletic activities at varying levels of in-
tensity, ranging from pleasure riding to rac-
ing. More intensive activities, such as Thor-
cughbred (TB), Standardbred (STB), and
Quarter Horse (QH) racing, have been asso-
ciated with a variety of stress-induced skel-
etal diseases such as dorsal metacarpal dis-
case (bucked shins and cortical stress frac-
tures),>#"¥ sesamoid fractures'® and carpal
bone fractures.!*?’ Nuclear scintigraphy has
been shown in horses to have a high sensitiv-
ity in the early detection of stress-induced
lesions of the carpus,® tarsus,” metacar-
pus,*'* and tibia ''* One previous report
described the use of bone scintigraphy as an
aid in the diagnosis of dorsal metacarpal dis-
ease in TB racehorses. '

The objective of this study was to deter-
mine the distribution and risk factors associ-
ated with metacarpal and metatarsal stress

changes diagnosed by increased dorsal corti-
cal “™T¢ MDP uptake in the fore and hind-
limbs of horses of various occupational
EIOUPS.

MATERIALS AND METHODS

Inclusion criteria The medical records of all
horses examined scintigraphically for lame-
ness at the University of llinois Veterinary
Medicine Teaching Hospital between 1979
and 1988, inclusive, were reviewed, Four
hundred and forty-six STB, 66 TB, and 62
nonracing horses (NR) were presented for
lameness examinations and had all limbs ex-
amined scintigraphically 2 to 3 hours after
intravenous injection of **"Te-methylenedi-
phosphonate (MDP}, A Pho/Gamma IV
gamma camera (Siemens) was used between
1979 and 1985, and a Technicare 410 large
field-of-view gamma camera was used subse-
quent to early 1985.
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A random sample (n=T70) was drawn {rom
446 STB to aliow more detailed comparisons
of 3 occupational groups of approximately
equal numbers. After re-examination of each
horse’s scintigraphs, some were excluded be-
cause the studies were incomplete or of inad-
equate quality. A total of 170 horses (54 TB,
62 STB, and 54 NR) were included in the
study.

Age, breed, sex, and occupation werse ab-
stracted from cach medical record. The pres-
ence of metacarpal and metatarsal physical
abnormalities including localized paipable
pain, heat, and swelling were recorded for
each limb of each horse. Records of racing

governing bodies were cross-referenced if

needed for confirmation of signalment de-
tails. TB and STB groups included only
horses which had recently raced or which
were in active training and were soon to race
at the time of the examinations. The NR
group included horses in active training and
currently being used for nonracing purposes
such as pleasure, trail-riding, hunter/jumper
showing, dressage, combined training, and
western work (i.e. reining, roping, barrel rac-
ing). Breeds included in the NR group were
TB {15 horses), QH (8), Arabian (7), Ameri-
can Saddlebred (3), crossbred (4), Trakehner
(3), Missouri Fox Trotter (3), Lipizzaner (3),
Tennessee Walking Horse (2), Appaloosa
(1), Paint {1}, Paso Fino (1), and Westpha-
lian (1),

Scintigraphic criteria. The scintigraphic
studies of 170 horses were reviewed by 2
investigators (J.H.F. and A R.T.). The
scintigraphs were reviewed in reverse chro-
nological order (i.e. most recent first). Occu-
pational groups were thus randomized in or-
der and were not known to the investigators
at the time of the scintigraphic review,

Only the metacarpal and metatarsal re-
gions were re-examined on the scintigraphs.
Each limb for each horse was classified ac-
cording to the following grading criteria
{Fig. I}

Grade 1. Dorsal and palmar/plantar corti-
ces equal and uniform in uptake and <
proximal metacarpal/metatarsal uptake.
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Grade 2. Dorsal cortical uptake uniformly
and diffusely > palmar/plantar uptake but
< proximal metacarpali/metatarsal uptake

Grade 3. Dorsal cortical uptake uniformly
and diffusely > palmar/plantar uptake and
> proximal metacarpal/metatarsal uptake.

Grade 4. Dorsal cortical uptake nonuni-
form and/or nondiffuse (i.e. focal) and >
palmar/plantar uptake.

Using this classification, Grade I corre-
sponded with the normal metacarpus de-
scribed by Koblick et al '* Grade 2 was simi-
lar to their “normal” mild training-induced
change in younger TB. Grade 3 was equiv-
alent to their *“diffuse periostitis™ (i.c
bucked shins) group, and Grade 4 was equiv-
alent to their focal stress fracture-like le-
sions.

Statistical analvsis. Age and sex distribu-
tion within each occupational group were
determined. Distribution of each grade of
increased scintigraphic uptake was deter-
mined for each limb within each occupation-
al group.

Grades 3 and 4 were combined for the
analysis of risk factors in this study because
the numbers of horses in each prade were
small and because the goal was the identifi-
cation of differences in distribution and risk
for abnormaily increased uptake, defined as
grades 3 and 4 by Koblick et al.'” Sensitivity
and specificity of Grade 3 and 4 scintigraph-
ic changes were calculated to assess their val-
ue as a diagnostic test for physical abnor-
malities.'" Physical abnormalities were se-
lected for comparison because they are the
traditional means for clinically diagnosing
dorsal metacarpal disease. Sensitivity was
calculated as the proportion of physically ab-
normal metacarpal/metatarsal bones which
had Grade 3 or 4 changes. Specificity was
calculated as the proportion of physically
normal bones which were graded | or 2 scin-
tigraphicaliy,

For further analysis, horses were grouped
as having: (¢) a Grade 3 or 4 scan in one or
more limbs; (&) a Grade 3 or 4 scan in one or
both forelimbs; and/or (¢) a Grade 3 or 4
scan in one or both hindlimbs. For any horse
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Table 1. Age and sex distribution of horses by occupational groups

Thoroughbred Standardbred Nonracing

" Y H % n %
2-3 years old 37 68.5 36 581 6 110
> 3 years old 17 3.5 26 419 48 88.9
Maies 10 18.5 9 145 7 i30
Castrated males 20 370 25 40.3 32 392
Females 24 44 5 28 452 5 278

with more than one Grade 3 or 4 limb, the
higher grade of lesion was used for that
horse.

Age, sex, and occupation were examined
as risk factors for development of Grade 3 or
4 scintigraphic uptake. TB and STB were
both compared to NR to test effects refated
to occupation. Racing TB were compared to
nonracing TB (11==15) to test effects of occu-
pation within a single breed. Magnitude of
risk was estimated using prevalence odds ra-
tios (OR) and significance was calculated us-
ing Fisher’s Exact tests.” The prevalence
odds ratio measures the odds of having a
lesion or disease in one group relative to
another and is an estimate of risk in cross-
sectional studies. An OR > | signifies in-
creased risk while an OR < | means & factor
is protective. Prevalence data can be used to
measure the relative likelihood of lesions be-
ing present in animals, but not the likelihood
of a given animal developing lesions. Stra-

Fig. 1. Ali scintigraphs of left limbs and oriented
with dorsal aspect toward the left Top left: Grade
I sciatigraph of 5 year old Arabian carpus and
metacarpus. Top right: Grade 2 scintigraph of 3
vear old racing Thoroughbred carpus and mela-
carpus Bottom lefi: Grade 3 scintigraph of 4 year
otd racing Thoroughbred tarsus and proximal
metatarsus. Note uniformly increased dorsal corti-
cal uptake greater than plantar aspect and greater
than proximal metatarsus. Bottom right: Grade 4
scintigraph ol 3 year old Standardbred carpus and
metacarpus, Note focal, nonuniform uptake on
dorsal aspect of mid-metacarpal area

27 -900067 ICEER

tum-specific and Cochran—-Mantel-Haenszel
(CMH) adiusted odds ratios were calculated
to examine the effects of differences in age
and sex composition of the population on
odds ratios for occupation.® A p value <0.05
was considered significant.

RESULTS

Age and sex distribution of subjects within
cach occupational group are summarized in
Table | Distribution of the various grades
by limb and occupational group are preseni-
ed in Tabie 2. The histories and clinical signs
of horses with Grade 3 and 4 changes are
summarized in Table 3. No horses with
Grade | or 2 changes had clinical signs of
metacarpal or metatarsal pain. Of the 13
asymptomatic horses with Grade 3 and 4
changes (Table 3), § had other joint injuries
which may have affected weight-bearing.
Grades 3 and 4 scans were 100% sensitive in
documenting metacarpal/metatarsal changes
in horses with clinically detectable localized
pain. Grade | and 2 scans were 93.5% spe-
cific in detecting normal or mild stress
changes in metacarpal/metatarsal bones
which were clinically normal. Only 6.5% of
the normal limbs were falsely identified as
abnormal {i.e. false positives) based on hav-
ing abnormally increased uptake (Grades 3
and 4) when they were not clinically abnor-
matl at the time of admission to the Teaching
Hospital.

Among STB and NR, there were no sig-
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Table 2. Disnibution of metacarpall metatarsal grades by occupational group

Thoroughbred Standardbred Nonracing
Limb Grades 0 % n % b Y
RF 1 26 47 3 59 952 50 925
2 6 11.2 1 1.6 3 56
3 g 14.8 1 16 0 0
4 15 277 1 1.6 1 L 8
LF i 22 407 59 952 52 96.4
2 10 183 0 0 0 0
3 9 16.7 2 32 1 1.8
4 13 24.1 1 16 1 18
RH ! 34 630 53 85.5 46 852
2 12 222 8 129 6 112
3 4 74 0 0 1 1.8
4 4 7.4 1 16 1 1.8
LH l 35 630 56 90 3 48 B89
2 10 18.4 4 635 3 56
3 4 7.4 1 16 2 37
4 6 11.2 1 16 1 18

nificant differences in the distribution of
Grade 3 and 4 scans between younger (2-3
year olds) and older (>3 vear olds) horses
(Table 4). Younger TB were more likely to
have Grade 3 and 4 scans than older TB, in
at least one imb (p<0.01) and in the fore-
limbs (p<0.01). Neither males, castrated
males, nor females were at greater risk over-
all or within individual occupational groups.

0dds ratios for the presence of abnormally
increased dorsal cortical uptake in TB and

STB relative to NR are summarized in Table
5. TB were 8.6 times more likely to have at
least one limb affected than NR {(p<0.001).
Both the fore (p<0.001) and hindlimbs
{(p<0.05) were more likely to be affected in
TB than in NR. There were no differences in
risk for at least one affected limb, for fore-
limb changes, or for hindlimb changes when
STB were compared to NR. When OR were
adjusted for ape effects {Table 3), TB re-
mained at greater risk relative to NR for one

Table 3. History and clinical signs of horses with Grade 3 and 4 metacarpal and metatarsal

scintigraphic stress changes

Thoroughbred Standardbred Nonracing
Total number of horses 28 6 6
Localized pain {3 1 {
Previous history of locatized pain 4 0 0
Decreased level of work immediately
prior to admission 4 1 3
Asymptomatic 7 4 2
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Table 4. Odds ratios (OR) for metacarpall
metatarsal  scintigraphic  abnormalities
(Grades 3 and 4) in young horses (2-3 years
old} refative to older horses (= 3 years old)

Odds Ratios (OR)

Thorough-  Stan- Non-
bred dardbred racing
RF abnormal 34 01 24
I.F abnormal 31 i5 {.4
RH abnormal 37 0.2 14
LH abnormal 21 38 10
One or more
abnormal 6.0%* 1.4 05
One or more fore
abnormatl 3, 3k 07 1.0
One or more hind
abnormal 28 15 1.0
< (.01

or more abnormal limb (p<0.05) and fore-
Hmb abnormalities {p<0.01).

The nonracing TB were all > 3 years old,
and so only a comparison of oider TB could
be made to examine the effect of TB racing
relative to nonracing. Older racing TB were

not at greater risk for forelimb or hindlimb
abnormalities relative to nonracing TB.

DISCUSSION

Scintigraphic detection of bone stress re-
modelling and fracture is a well cstablished
technique in human medicine.'>'5***7 Roub
et al. stated that “since the delayed appear-
ance of radiographic signs in other patho-
logical conditions is well known, it should
not be unexpected that radionuclide bone
imaging can also demonstrate pathological
changes associated with repetitive bone
stress long before such evidence is visible on
radiographs.™** Stress fractures in man are
believed to be part of a continuum of stress
remodelling, not an isolated event like acute
traumatic fracture.” The continuum pro-
gresses from bony remodelling to cortical
fracture, with pain and positive radionuclide
images preceding positive radiographs ciro-
nologically. Matin’s extensive review of
stress fractures in man followed the same
concept and incorporaied a “stage of injury”
classification relating the extent of bone in-
volved to the scintigraphic appearance,'®
similar to that employed by Koblik et al '?
and in this study

Table 5. Odds ratios (OR) for metacarpalimetatarsal scintigraphic abnormalities (Grades 3
and 4} in racehorses relative to nonracing horses

Thoroughbred Standardbred
Age Age

OR adjusted OR OR adjusted OR
RF abnormal 3G, Jres 27 7% 0% 39
LF abnormal 17.9%** 13.4%% 09 1.3
RH abnormal 4,5% 34 04 09
LF abnormal 6.8* 36 06 0.3
I or more abnormal limbs 8.6%** 4 9% 0.9 0.9
{ or both forelimbs abnormat 17.0%%+ 10.0%# 1.2 1.5
i or both hindlimbs abnormal 4 G+ 4.0 09 0.9

p value for OR calculated using Fisher's exact lest Age adjusted OR and p value calculated by

Cochran—~Mantel-Haenszel method.  Significance

***p<0.001.

levels designated by *p<005; **p<0.0l;
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Bone scintigraphy has previously been

shown to be effective in the diagnosis of

accult stress fractures in the horse.®!! The
horses in this study were chosen because a
higher prevalence of stress-induced changes
was expected among lame horses relative to

the general horse population. Selection of

this high risk group altowed sufficient power
to test for age, breed, sex, and occupational
predilection. Additionally, the study of high
risk patients allowed examination of the sen-
sitivity and specificity of bone scintigraphy
as an aid in the diagnosis of dorsal metacar-
pal/metatarsal disease One previous study
of dorsal metacarpal disease in TB has
shown scintigraphy to be the only positive
diagnostic finding in some cases of bucked
shins.'? A correlation between scintigraphic
and radiographic changes was not examined
in this study because the authors also believe
scintigraphy to be the more sensitive indica-
tor of the remodelling status of the metacar-
pus/metatarsus in the horse '+

In this study, bone scintigraphy was 100%
sensitive in detecting abnormally increased
uptake in metacarpal/metatarsal bones
which were clinically abrormal While there
were some apparent false positives detected
scintigraphically in clinically normal limbs,
the data in Table 3 reveal that 75% of TB
with Grade 3 or 4 scans had localized pain, a
recent history of localized pain, or a decrease
in work level immediately prior to admis-
sion. It is not uncommon for TB racehorses
with early dorsal metacarpal disease to be
unwilling to gallop normally at high speed
and to be mildly shin sore immediately after
such a workout, but then afterward to seem
normal clinically until the next high speed
workout 5 to 7 days later 3% A rapid drop in
workload immediately prior to admission
may, therefore, have made the failure to de-
tect localized pain in this hospital a false
negative finding.

Of the 13 asymptomalic Grade 3 and 4
horses (Table 3), 8 had other joint injuries
which might have affected weight-bearing
and thus might have resulted in increased
metacarpal/metatarsal stress. However, lon-

gitudinal studies in man have routinely
failed to document milder injuries or stress
changes in the ltmb contralateral to the one
with a stress fracture manifested by localized
pain and a positive bone scan > Additional-
iy, as many as 40% of stress fractures have
been detected scintigraphically before they
were apparent clinically in longitudinal stud-
ies of army recruits.”’ Matheson and co-
workers have stated that the use of scintigra-
phty to diagnose stiess fractures allows detec-
tion “independent of clinical suspicion or
radiographic changes that are known to vary
significantly with time and with the specific
bone involved.”"® It seems possible, there-
fore, that the asymptomatic horses with
Grade 3 and 4 scans actualiy had occult dor-
sal metacarpal/metatarsal disease which was
soon to be manifested clinically or which
may already have been manifested but was
poorly documented historically.

These data support previous reports in
which TB were suspected to be at greater risk
for the development of dorsal metacarpal
disease 227 Unlike previous reports, these
data have also documented the presence of
scintigraphic changes characteristic of dorsal
metacarpal disease in STB and in NR per-
formance horses. Finally, it is apparent that
these remodelling changes can occasionally
be seen scintigraphically in the metatarsus in
horses in all 3 occupational groups studied,

Koblick et al. characterized the presence
of dorsal cortical uptake, greater than the
palmar cortex but not greater than the proxi-
mal metacarpus {i.e. this study’s Grade 2), as
being a normal training-induced change seen
in 2 and 3 year old TB.'*> This study has
shown this change not to be unigue to racing
TB nor to the forelimbs. It is the authors’
opinion that the Grade 2 change may be a
mild form of shin stress which may progress
to Grades 3 and/or 4 if fast training is not
curtailed, similar to the continuum de-
scribed in man.'®* As such, Grade 2 may
not be normal and may actually represent
the earliest scintigraphically detectable form
of dorsal metacarpal/metatarsal disease, in a
continuum of metacarpal/metatarsal scinti-
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graphic abnormalities from Grades 2
through 4.

Nunamaker et al. have described age-relat-
ed biomechanical differences between TB
and STB metacarpal bones based on calcula-
tions made from post mortem cross sectional
arca measurements.'? Yearling TB metacar-

pal bones had lower minimum and maxi-

mum moments of inertia than did those of

yearling STB. Nunamaker and co-workers
have subsequently documented that older
(>3 years of age) TB and STB metacarpal
bones were similar in mechanical properties
when the results of fully reversed cyclic
bending of in vitro metacarpal preparations
were compared.’® Similarly, in the current
study, there were no differences beween old-
er racing and noniacing TB in the risk for
dorsal metacarpal/metatarsal disease. In
both studies, there was wider variation
amongst TB subjects compared to STB. This
wider variability in TB is probably a reflec-
tion of metacarpal changes incurred earlier
in training. Nunamaker et al. concluded that
“differences in training regimens between
the two breeds may influence the incidence
of disease.”

Two-beat gaits {i.¢. trotting or pacing STB
racing) do not result in single-limb weight-
bearing as does the 3-beat TB gallop which
results in one lead limb in the horse gallop-
ing heavily on the forehand. Additionally,
the TB’s hindlimb which is diagonal to the
lead forelimb also bears weight singly and
thus may contribute to the higher prevalence
of increased uptake in TB hindlimbs com-
pared to NR (Table 5). The STB’s lower
prevalence of abnormal changes in all 4
limbs compared to the TB is likely a result of
STB trainers’ regimes of long, slow jogging
sessions of up to 5 to 6 miles followed by
gradual introduction of faster speeds (i.e.
“training down” in time).!” Progressively
faster workouts probably allow more graduat
adaptation of the STB metacarpus to speed
as opposed to the TB trainer’s typical early
introduction of speed before the horses have
shown cardiopulmonary and metabolic ad-
aplations to the slower portions of their
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training program.®? The fact that the STB
yearlings’ metacarpi were significantly more
developed prior to the onset of training in
Nunamaker’s first study may provide some
additional explanation for the apparent re-
sistance of younger STB to the development
of bucked shins."?

The population chosen for this study re-
presented lame horses from 3 occupational
groups. Although these data apply specifical-
ly to clinically lame animals, comparisons of
the same high risk subgroup in different oc-
cupations is often the {irst step in evaluating
risk factors.® Additionally, it has been re-
ported that as many as 70% of all racing TB
develop clinically apparent dorsal metacar-
pal disease some time during their 1acing
careers.'”*? Thus, lame horses may represent
a relatively large proportion of the general
population. To confirm the preliminary data
presented in this study, a prospective exami-
nation of horses, begun before training and
repeated periodically throughout training,
using standardized classification and quanti-
fication of training stress, clinical signs, and
dorsal cortical metacarpal/metatarsal scinti-
graphic changes would be useful. Such a
study would allow characterization of
changes as they occurred and determination
of the significance of Grade 2 changes. Simi-
lar prospective serial examinations of racing
and nonracing 2 year old TB would provide
a comparison of early training effects within
a single breed. However, the expense, time,
and owner/trainer commitment and compli-
ance required in such studies make their fea-
sibility questionable.
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