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Summary

The incidence of developmental orthopedic disease on a commercial Thoroughbred farm was studied over a four year period. A total of 271
foals were monitored. DOD was diagnosed in 1070 of the foals. Fetlock OCDS tended to occur before 180 days of age whlle hock, shoulder
and stifle OCDS occurred around 300 350 days of age. Foals that developed hock and stifle OCDS as yearlings tended to be large foals at
birth that grew rapidly from 3 to 8 months. These foas were heavier than the average population as weanlings. Foals that developed fetlock
OCDS before 6 months of age were born eary in the year (January, February or lvlarch). The results of this study suggest that groMh rate
and management may affect the incidence of certain types of DOD.
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Auftreten von orthopädischen Entwicklungsstörungen auf einem Vollblutgestüt in Kentucky

Das Auftreten orthopädischer Entwicklungsstörungen (DOD) auf einem Vollblutgestüt wurde vier Jahre lang untersucht. Von insgesamt 271
kontrollierten Fohlen wurde bei 10% DOD diagnostiziert. Osteochondritis dissecans (OCD) des Fesselgelenkes trat bevozugt bis zum Alter
von 180 Tagen auf, während OCD des Sprung-, Schulter- und Kniegelenkes im Alter von 300-350 Tagen beobachtet wurde. Fohlen, die
OCD des Sprung- und Kniegelenkes entwickelten, waren bei der Geburt groß und wuchsen vom 3. bis B. Monat schnell. Diese Fohlen wa-
ren als Jähr inge schwerer als der Populationsdurchschnitt. Fohlen, die vor dem 6. Monat OCD im Fesselgelenk entwickelten, waren vorran-
gig im Januar, Februar oder l\,4äz geboren. Die Ergebnisse dieser untersuchung deuten an, daR Wachstumsgeschwindigkeit und Manage-
ment das Vorkommen bestimmter Arten orthopädischer Entwicklungsstörungen beeinflussen können.

Schlüsselwörter: Fohlen, orthopädische Enhvicklungsstörungen (DOD), Wachstumsgeschwindigkeit

Introduction

Developmental orlhopedic disease (DOD) is a term used to
describe a group of diseases that affect the skeleton of gro-
wing horses. These include physitis, osteochondrosis, osteo-
chondrit is desicans (OCD), wobbler syndrome and acquired
flexural deformities. Although not a new problem, DOD captu-
red the attention of horse breeders in 1985 when a survey
conducted by Ohio State University (Knight et al. 1985) sug-
gested that many of the orthopedic problems in young horses
were the result of nutrient deficiencies or imbalances. Major
changes were made in the way most horse feeds were formu-
lated, with much higher levels of trace mineral fortif ication ad-
ded to the diets of pregnant mares and young growing horses.
There seemed to be a reduction in certain types of DOD with
these dietary changes, but the problem did not go completely
away. Why has trace mineral supplementation not proven to
be the panacea that breeders had once hoped it would be?
What other factors play a role in DOD? This paper wil l summa-
rize the incidence of DOD on a large Thoroughbred farm over
a four year period, evaluating various factors which may play a
role in the DOD syndrome.

Materials and methods

Over a four year per iod (1991-1994),  the incidence of  de-
velopmental orthopedic disease was monitored on a single

large commercial Thoroughbred farm in Kentucky. During
this period, the farm produced a total of 271 foals. Foals
were weighed on a portable electronic scale monthly. For
the purpose of this study, developmental orthopedic disease
was defined as osteochondrotic lesions occurring in either
the fetlock, hock, shoulder or stif le. Lesions were init ially
diagnosed radiographically after a foal displayed either lame-
ness or joint effusion. Often this diagnosis was confirmed
by arthroscopy. Other manifestations of DOD such as phy-
sit is, acquired contracted flexor tendons and angular l imb
deformities were not included in this study since they were
more diff icult to quantify. No foals were diagnosed as
wobblers during this four year period.
This farm used a single grain mix for brood mares, weanlings
and yearlings. This grain mix consisted of oats, molasses and
a protein/vitamin/mineral supplement pellet. The grain mix
contained 15.5%o protein, 1.0o/o Ca, 0.81 o/o P, 144 ppm Zn, 59
ppm Cu and 0.5 ppm Se. Brood mares were fed 3-5 kg of the
grain mix during pregnancy and 4-6 kg during lactation. Foals
were first offered grain starting at 90 to 120 days of age. From
90 days until weaning (at 5 months), the foals received grain at
a level of intake equal to 0.5 kg per month of age. At weaning,
the foal's grain intake was increased to 3 kg/day. Grain intake
for the weanlings and yearlings was then adjusted based on
growth rate and body weight, but average between 3 and 5
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kg/day unti l the yearlings were sold or sent away for training, In
certain instances, a weanling's or yearling's grain intake might
fall below 3 kg/day. When this happened, the protein/vitamin/
mineral pellet was supplemented at a level equal to 0.33 kg of
pellet for each 1 kg of grain intake below 3 kgs.
Mares with foals born before April 15 were kept in box stalls
from 15:00 in the afternoon unti l B:00 the following morning.
During the day, the mares and foals were housed in small
grass paddocks (1-2 hectares). After April 15, mares with foals
older than 4 weeks stayed out during the night in large grass
paddocks (25-50 hectares) and were kept in box stalls be-
tween B:00 and 15:00. The mares were fed their grain in two
meals while in their box stalls. The paddocks housing the
mares and foals were well drained and level, but the ground
could become quite hard during dry weather or when frozen.
During the winter months, the mares and foals received a
grass/legume hay free choice both outside and while in their
stalls. During the spring, summer and fall months, the majority
of the horse's forage intake came from pasture. Table 1 con-
tains the average composition of the supplement pellet, grain,
hay and pasture from this farm,

Tab. 1: Nutrient composition of grain, hay and pasture.

Zusammensetzung von Getreide, Heu und Weidegras

nutr ient supple-
mentl
nol lot

grainr
mtx

mixedl
nay

fallz
pasture

spring2
pasrure

crude protein (%) 25.0 12.1 16.0 to.c

DE (MJ/ks) 11.68 11 95 8.27 9.20 10.11

Calcium (%) 2.57 1.0 0.82 0.55 048

Phosphorus (%) t . iö 0.81 0.20 0.30 043

Zinc (ppm) 360 144 .1 Ä
z+ 35 28

Copper (ppm) 143 59 o 12

Manganese (ppm) 228 105 75 70 75

1as fed basis
21OO% DM basis

Tab.2: Frequency of DOD (number and percentage of total foals born each month)

Häufigkeit von DOD (Anzahl und Prozentsatz der je Monat insgesamt geborenen Fohlen)

Results

Tables 2 and 3 summarize the frequency of DOD as a function
of sex, month and year of birth, age and lesion location. 30%
of the foals in this study were born in January or February and
30% were born in March. 23% of the foals were born in Aoril
and 1 7o/o of the foals were born in May or June. DOD was divi-
ded into four categories based on the location of the lesion
and the age at diagnosis. Lesions in the fetlock were divided
into early lesions (102t48 days) and late lesions (379t140
days), while lesions of the stif le and shoulder were grouped to-
gether. Hock lesions were grouped separately.
A total of 10o/o of the foals in this study suffered one of these
types of lesions. The incidence of total lesions was evenly dis-
tributed between Jan.-Feb, March and May-June foals, April
foals had a lower incidence of total lesions (3.2Vo) (p<0.05) and
all of these lesions were confined to the hock. Fetlock lesions
only occurred in Jan.-Feb. and March foals. Early fetlock le-
sions occurred in more than one joint 83.3% of the time, Stif le,
shoulder and hock lesions tended to occur most often in a
single jo int .
The body weights of the affected foals are graphed relative to
the Kentucky average in figure 1, Foals with early fetlock le-
sions tended to be of average size and their growth rates were
similar to the average of a large population of Thoroughbred
foals raised in Kentucky (Pagan et al. 1996). Foals that were
diagnosed with fetlock lesions at a later age tended to be of
normal size during the first 120 days, but grew heavier than
the Kentucky average after weaning. Those foals that deve-
loped hock OCDs averaged 5 kg heavier than the Kentucky
average al 25 days of age. By 240 days, these foals were 14
kg heavier than the population average. Foals that developed
stif le or shoulder lesions averaged 5.5 kg heavier than the
Kentucky average aI 25 days of age and 17 kg heavier at 120
days of age. By 300 days of age, these foals were 12 ka haz-
vier than the Kentuckv averaoe,

Discussion

The nutrit ion program on this farm was carefully monitored and
both pregnant mares and growing foals received adequate

Birth
Month

total
foals

total #
DOD

%
DOD

eany
fetlock
(total)

fetlock
e/")

l^+^
Id.LU

fetlock
(total)

I  n{n
td tu

fetlock
(%)

stifle &
shoulde
(total)

stifle &
shoulder
(%)

hock

(total)

hock

fÄ)
Jan-Feb 81 9 11 .Ool .t 3.701 1 1.201 1 1.201 4 4.9%

March B1 11 11.1o/( ö 3.77r 2 2.501 4 4.901 2 2.5%o

Apri l 62 2 3.201 0 ool 0 ool 0 ool oZ- 3.2o/o

May-June 47 6 10.301 0 ool 0 ool 1 2.17r 4 8.5%

TOTAL 271 27 10.ool O 2.201 a 1.101 6 2.27( 1-
l1 4A%

colts 136 13 48.10/( 1 16.67t a
z_ 66.601 4 66.601 6 50%

fi l l ies tJc 1A
t+ 51.901 Ä 83.301 1 33.301 Z 33.301 50o/o
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Tab. 3: Age of diagnosis, number of joints affected, and distr ibu-
tion by year

Alter zur ZeiI der Diagnose, Anzahl der betroffenen Gelen-
ke und Verteilung auf verschiedene Jahre

420

A = Kentucky aver

B = Fctlock OCDs
(aar ly)

320

r80 240 300

doys of  oge

420
400

A = Kentucky averag

B = H6ck OCDs

o 60 1 20 IEO 240 300 360 420 0 60

doys of oge

Fig. 1: Body weights of DOD foals compared to Kentucky average

quantit ies of both macro and micro minerals throughout the
year (Tab, 1). In spite of this, this farm sti l l  experienced a 10%
incidence of DOD, Therefore, other factors besides mineral in-
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take must have played a role in the development of skeletal le-
sions in these foals.
Dr. Roy Pool, a pathologist from the University of California at
Davis veterinary school, has recently addressed the question

of what is the primary cause of skeletal lesions in growing hor-
ses (Pool 1993, Pool 1995), His conclusions may explain why
dietary changes have not totally eliminated DOD from horses.
Dr. Pool maintains that early explanations of DOD in horses
were based on studies in other animals such as swine and
poultry. In these animals, osteochondrosis is a systemic dis-
ease affecting joints scattered throughout the body. lt is largely
genetic and can be enhanced or suppressed through nutrit io-
nal manipulation. These are not the ,,typical" types of lesions
seen in horses, In horses, lesions usually occur in specific
joints such as the stif le, shoulder, hock and fetlock. Usually,
only one or two joints are affected and if two are affected, they
normally occur bilaterally in the same joint. For instance, one
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Körpergewicht der Fohlen mit DOD im Vergleich zum Durchschnitt  in Kentucky
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stif le may have a large lesion causing lameness while another
smaller, asymptomatic lesion may be found in the other stif le.
This was the oattern of lesions seen in the foals on this farm.

eafly
fetlock

ln*n
tcl  t-u

fetlock
stifle and
shoulder

hock

age of diagnosis
days (meantSD)

102+48 379+140 3351 1 02 304+1 O0

single joint (%) 16.7o/o 66.6% 83.3% 75%

both joints (%) 83..3% 33.3% 16.7% 25%

1991 (number) 1 0 0 1

1992 (number) 1 1 5

1993 (number) 1 Z 1 4

1994 (number) 0 2 z
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Dr. Pool maintains that these types of lesions are most likely
the result of excessive biomechanical forces exerted on other-
wise normal carti lage. These forces disrupt the blood supply to
the carti lage and prevent its conversion to bone. There are se-
veral possible reasons why normal carti lage could not with-
stand these forces:

1) Specific joints have ,,windows of vulnerabil ity" when they are
particularly susceptible to damage. At this point in develop-
ment, perhaps there is not adequate underlying bone to sup-
port the weight and force exerted on the joint. For example,
stif les and hocks seem to be most vulnerable at 6 to B months
of age. At this point, excessive force may damage the underly-
ing bone and vascular supply to the carti lage. The carti lage
does not ossify and a lesion forms. The clinical expression of
the lesion may not occur unti l later when the lesion becomes
severe enough to cause lameness or swell ing,
The average ages of diagnosis of hock and stif le lesions in this
study were 304 days and 335 days, respectively. These foals
grew faster and were heavier than the Kentucky average.
Perhaps this extra weight caused excessive forces on other-
wise normal carti lage leading to the development of a lesion,
Kentucky foals born early in the year enter this 6 to B month
age period at a time when pasture quantity and quality increa-
se during the months of September and October. Increased
intake of high quality pasture may have contributed to the ra-
pid growth rates seen in these large foals.

2) Foals with genetic potential for rapid skeletal and muscle
development may simply develop more muscle mass than the
rapidly growing bone can support, Again, the foals that deve-
loped hock and stif le lesions may have fit this category,

3) Foals that don't have the genetic potential for rapid growth
become fat because of excessive energy intake and overload
the joint. This was probably not the case in the present study,
since each foal's body condition was regularly evaluated and
individuals that were deemed too fat had their orain intake re-
stricted.

4) A conformation defect creates an uneven distribution of
force upon the joint surface. No records were kept of confor-
mation defects, so this factor cannot be adequately addressed
in the present study.

5) Foals that have been confined due to i l lness do not develop
enough subchondral bone to supporl their weight. When they
are finally returned to the herd, the bone is too weak to sup-
port a normal amount of exercise and the joint carti lage collap-

6) Rapid changes in management that greatly alter the foal's
exercise patterns may overload the joint. For instance, foals
born early in the year are keep inside for up to 16 hours per
day. When the weather improves in April, they are turned out
all night with their dams. Often, mares run their foals for long
periods in the paddock and the foal becomes fatigued. At this
point, joints may be more vulnerable to injury. This may have

354

been a factor in the foals which developed early fetlock le-
sions. All of the foals that developed early fetlock lesions were
born in January, February and March. These foals were all
housed indoors at night unti l mid April. Perhaps these foals did
not develop adequate subchondral bone to withstand the for-
ces placed on it once they were allowed greater amounts of
exercise as the weather improved.
Osteochondrosis involving the cervical vertebra often affects
multiple sites randomly and may be considered an ,,atypical"
type according to Dr. Pool. This type of lesion is often respon-
sible for ,,wobbles" in foals and it may result from a mineral de-
ficiency or imbalance. None of the horses in the present study
were diagnosed with this type of OCD lesion, suggesting that
macro and micro mineral intake were adeouate.

Conclusions

The etiology of developmental orthopedic disease is almost
certainly multifactorial, A primary focus of much of the re-
search concerning DOD has been on mineral intake and ba-
lance. While minerals are cedainly important for skeletal deve-
lopment, mineral deficiencies or imbalances are not the only
cause of DOD, In the present study where mineral intake was
carefully monitored , 10o/o of the foals sti l l  developed DOD.
A major factor to consider in the etiology of DOD is whether
the lesion develops because of a failure in proper cartilage for-
mation and maturation or whether the lesion develoos in nor-
mal carti lage. The types of lesions seen in the present study
may have been the result of excessive biomechanical forces
exerled on otherwise normal cartilage. Early fetlock OCDs may
have resulted from inadequate subchondral bone formation
due to restricted activity in foals born early in the year and hou-
sed indoors at night. Hock and stif le lesions may have occur-
red in heavy foals that grew rapidly after weaning.
The present study raises several intriguing questions about
which factors are involved in the development of orthopedic
disease under commercial management conditions. Controlled
research is necessary to determine if management of growth
rate and exercise can reduce the incidence of develoomental
orthopedic disease in horses.
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