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Summary
Osteochondrosis (OC) is a developmental orthopedic disease considered one of the most
important problems in sport horses. Its origin is considered multifactorial, and is thought that
genetic predisposition might contribute to its pathogenesis. Important levels of prevalence
have been reported in Warmblood horses; however, more information is needed to incorporate
the trait(s) in the breeding programs of many studbooks. This study aimed to describe the
prevalence and genetic variability of OC predisposition in the Danish Warmblood horses.
Radiographic information on 3,013 horses were analyzed. The prevalence of OC at the hind
fetlocks was the highest observed (~ 10%), while at the right and left hind stifle were the
lowest (~ 2-3 %). Estimated heritabilities were low (0-0.06), particularly, estimates for
specific joints.
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Introduction
Osteochondrosis (OC) is a developmental orthopedic disease characterized by clinical signs
of joint pain, effusion, and dysfunction caused by the formation of clefts extending through
the articular cartilage into the subchondral bone (McCoy et al., 2013). Osteochondral lesions
are commonly observed in young horses and may be responsible for reducing the
performance and lifespan in competition of sport horses. The origin of the disease is
considered multifactorial, with many factors, and genetic predisposition might contribute to
its pathogenesis (Jeffcott, 1991; Philipsson et al., 1993).
The prevalence of OC ranges from ~10 to 25% across different breeds (van Grevenhof
et al., 2009; Russell et al., 2016), which may suggest the existence of genetic variation among
breeds. Estimated heritability (h2) for OC in warmblood horses ranges between 0 and 0.37
(Stock and Distl, 2006; Lewczuk and Korwin-Kossakowska, 2012). In any case, differences
in the definition OC, breeds studied and potential preselection of the population analyzed
might explain the differences in the level of prevalence and h2 reported.
From 2012, Danish horse-specialized clinics, the Danish Warmblood Breeders
Association (DWB) and the Danish National Center for Animal Databases and Breeding
Evaluations (SEGES) have organized a coordinated system for recording the diagnoses on
OC, systematically. On the other hand, for approval as a breeding stallion in the breeding
program follow by DWB, stallions must have a negative OC status. Consequently, generate
information on prevalence and importance of the genetic variation in the DWB population is
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the high interest for the breeders. Therefore, the objective of this study was to describe the
prevalence and genetic variability of OC predisposition in the Danish Warmblood horses.

Material and methods
Data. The radiographic examinations (X-ray) of 3,199 Danish Warmblood horses were
available for this study. This information was recorded by 12 specialized Danish veterinary
clinics, from year 2004 to 2016. We consider only the first examination of the few horses that
had more than one examination. Given the nature of the database, the population recorded
was heterogeneous in age, activity developed and reason to be examined. To avoid an overrepresentation of positive cases of OC, we only considered X-ray from horses examined
because pre-grading requirement (DWB breeding program), routinely screening of young
animals or pre-purchase examination. We did not consider horses that already showed
symptoms of lameness or were suspicious of OC when were examined. Animals with known
background of surgeries were excluded as well.
X-ray results were classified in four categories: 1= normal (healthy joint); 2= defect
(e.g. presence of smooth or irregular flattening in the joint); 3=fragment (presence of
fragments); 4= subchondral cyst (presence of a cyst). Radiograph were realized on 8 joints:
right and left front fetlock, right and left hind fetlock, right and left hind tarsal, and right and
left hind stifle joint. Analyses were conducted by joint, and additionally, an overall OC value
was assigned to the horses based on the most severe grade of OC diagnosed in any of their
joints. A pedigree file was done tracing back four generations from each of the horses with
phenotypic record.
Statistical methods and models. We estimated h2 of OC using a threshold model deﬁned as
follows:
[1]
where, y is the vector with the category of OC assigned to the horse (or specific joint of the
horse) (4 categories defined in previous paragraph), is the vector of systematic effects, is the
vector of the animal direct genetic effects, and is the vector of random residual effects; and
are the incidence matrices relating the respective effects to . The random effects were
assumed to follow a multi-variate normal distribution. The variance and covariance structure
for the random effects were var(a) =A, and var(e) = I; where A is the numerator relationship
matrix, I, is an identity matrix, the additive genetic variance and the residual variance. The
systematic effects considered were the technician responsible for the diagnoses (12 levels),
sex (male, female), and age of the horse at the moment to be examined (until 1 years old, 1-2
years old, 2-3 years old and older than 3 years old). The analyses were implemented in a
Bayesian framework using the RJMC module of the DMU software version 6 release 5.2
(Madsen and Jensen, 2013). Uninformative prior was used for systematic effects. Prior
distribution for dispersion parameters were scaled inverse Wishart. The Gibb sampler was run
in one single chain of 100,000 samples after discard 20,000. The sampling interval was 10
leaving 8,000 samples to estimate the features of the posterior distributions.

Results
After editing, 3,013 horses from ~700 stallions were considered in the analyses. From this
population, 1,108 animals presented somehow a positive diagnose in any of their joints (~37
%). The prevalence was slightly higher in the hind fetlocks (without difference between
homologous, ~10%) than in the other joints. The lowest prevalence was in the right and left

Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.929
hind stifle (~ 2-3 %) (Table 1).
Table 1. Prevalence and severity of osteochondrosis in the population studied.
Joint
Right front fetlock
Left front fetlock
Right hind fetlock
Left hind fetlock
Right hind tarsal
Left hind tarsal
Right hind stifle
Left hind stifle

Normal
2756
2752
2724
2708
2772
2776
2947
2929

Defect
89
110
55
58
117
135
42
54

Fragment
168
149
233
247
124
121
22
26

Cyst
0
2
1
0
0
4
2
4

Prevalence
8.53 %
8.66 %
9.59 %
10.12 %
8.00 %
7.87 %
2.19 %
2.79 %

Heritability estimated for the overall OC was 0.05 with a 95% confidence interval
(0.03-0.06). However, h2 estimated in each joint were mostly not different from zero, except
for hind stifle, which estimated h2 were even slightly higher than the overall OC (Table 2).
Table 2. Posterior mean of genetic and residual variance and heritability (posterior standard
deviation) of osteochondrosis in different joints.
Joint
Right front fetlock
Left front fetlock
Right hind fetlock
Left hind fetlock
Right hind tarsal
Left hind tarsal
Right hind stifle
Left hind stifle

Genetic Variance
0.000
0.020
0.013
0.020
0.005
0.016
0.011
0.012

Residual Variance
0.539
0.491
0.676
0.712
0.446
0.468
0.112
0.142

Heritability (s.d.)
0.00 (0.02)
0.04 (0.03)
0.02 (0.02)
0.03 (0.02)
0.01 (0.02)
0.03 (0.02)
0.09 (0.03)
0.08 (0.04)

Discussion
The literature on OC has reported a wide range of values, in both, prevalence of the disease
and estimated h2. In Warmblood populations, it is reported prevalence up to 30 % for
Hanoverian Warmblood (Stock & Distl, 2006), ~25 % in Dutch population (Koenen et al.,
2000), and for Swedish population 19% (Jönsson et al., 2011). Our results are in the range
reported. Many studies refer the prevalence to individual joints. Stock & Distl (2006)
reported values between ~12 – 23 % for different joints, from this perspective our results
were in the lower band of values reported. The literature indicates that some joints would be
more affected than others, e.g. fetlock more often affected than the stifle (Lewczuk and
Korwin-Kossakowska, 2012), and our results follow this pattern; however, for Dutch horses,
Van Grevenhof et al. (2009) showed more incidence in stifle joints.
Generally, OC is defined as a complex disease caused by diverse environmental factors
and might be affected by genetic factors. However, the range of h2 estimates reported in the
literature vary from zero to 0.37 (Lewczuk and Korwin-Kossakowska, 2012). Jönsson et al.
(2011) showed values above 0.30 for the fetlock joint. Our results show h2 estimates in the
lowest range of values reported. Thus, estimated h2 for stifles were the only estimates which
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confidence interval did not include zero. The h2 estimates were higher when OC was defined
as an overall trait, like in the Dutch population, although our results showed lower h2
estimates (Van Grevenhof et al., 2009).

Conclusions
A coordinated and systematic recording system of the radiographic examinations has vital
importance for monitoring and preserve a lower prevalence of OC. Our results show that the
prevalence of OC in the Danish Warmblood population is in the range observed for other
European Warmblood horse populations. Estimated h2, in general, were low, and hardly
different from zero for several individual joints. Further research is needed to define how to
incorporate OC in the breeding program of the Danish Warmblood horses.
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