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Abstract

In a number of countries, tuberculosis (due to infection with Mycobacterium bovis) is a significant health problem of captive deer. This 
paper describes outbreaks of bovine tuberculosis in sika deer (Cervus nippon) on two farms in Ireland and the methods used to control 
the disease. On Farm A, infection was first detected during 1993. The infection was eradicated using a programme of test and removal, 
in association with segregation of young animals. A second outbreak (also due to infection with M. bovis, but a different RFLP profile) 
was detected in 2002. In the latter outbreak, infection was particularly prevalent in two groups of young deer. M. bovis with the same 
RFLP profile was also isolated in a badger found dead on the farm. Control was achieved by test and removal in association with herd 
management changes. In Herd B, infection was first detected in 1995, and subsequently eradicated using test and removal alone. In 
Herd A, re‑infection remains an ongoing risk. Control rather than eradication of infection may more realistic in the short- to medium-term.
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Introduction
Tuberculosis (TB) in deer, caused by Mycobacterium 
bovis, has been diagnosed in every country where deer 
are managed as a domestic species (Griffin and Buchan, 
1994). A range of strategies has been developed by national 
agencies to deal with this problem, generally in accordance 
with local control programmes for tuberculosis in cattle. 
Red, fallow and sika deer are farmed in Ireland. 
Approximately 500 herds were present in 1995, but 200-250 
farms (averaging 50-60 breeding deer per herd) remained in 
2007, reflecting the poor economic viability of deer farming. 
The reduction in the number of producers, the enlargement 
of herds and the increase in the number of processors have 
helped to stabilise the industry and make it more profitable 
for those remaining. Most venison produced in Ireland is 
exported.
Wild red, fallow and sika deer are also found in Ireland. 
Fallow are the most common species and are found in 
virtually every county. The prevalence of TB in wild deer 
populations in Ireland is unknown, although 4% was 

recorded in a limited survey of 130 wild red and sika deer 
in the early 1980s (Dodd, 1984). The prevalence of TB in 
farmed deer is also unknown but the disease is a major 
problem in some herds. TB in deer is a notifiable disease in 
Ireland under the Diseases of Animals Order (1992). Trade 
in live deer within the European Community is subject to 
certification of freedom from tuberculosis and brucellosis 
under the EC’s Trade in Animals and Animal Semen, Ova 
and Embryos Regulations (1996). Although there is no 
legal obligation for Irish deer farmers to test their herds 
for TB, deer are subjected to a post mortem examination 
at slaughter. Standards for post mortem examination were 
described in European Communities (rabbit and farmed 
game meat) Regulations, 1995, superseded by Regulation 
(EC) No 854/2004. 
This paper describes outbreaks of bovine tuberculosis in 
sika deer (Cervus nippon) on two farms in southeast Ireland 
and the methods used to control the disease. Some insights 
into the application of the single intradermal comparative 
tuberculin test (SICTT) in sika deer are also described.
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Materials and methods
Case farms
The two case farms, each farming deer as the sole farm 
enterprise, were located in Ireland. Farm A consisted 
of 30 hectares, of which 28 hectares were fenced for the 
purpose of deer farming and were subdivided into three 
sections by internal fences (Figure 1). Similarly, 12 of 16 
hectares of Farm B were fenced and subdivided into six 
sections. The perimeter and internal fencing on both farms 
were made of wire mesh 1.8m high. 
On both farms, calves were normally weaned during 
November and moved to a separate section on the farm. 
Apple pulp was the main supplementary winter feed, 
complemented with hay or dried beet nuts and was fed on a 
daily basis, usually in the morning, and was deposited on the 
ground. Deer were out-wintered, with adequate cover and 
shelter for the animals in adverse weather conditions. Farm 
A was surrounded by beef and dairy establishments and 
was also contiguous to a sheep flock. TB breakdowns had 
occurred in cattle herds around Farm A, largely coinciding 
with the 1994 and 2002 breakdowns in deer. Farm B was 
contiguous to forest and two suckler herds. The area had 
a lower prevalence of TB compared to the area around 
Farm A and the pattern of breakdowns was different in 
these cattle herds. Natural barriers plus adequate fencing 
were sufficient to prevent contact, either direct or indirect, 
between deer on both farms and cattle on contiguous farms.

Diagnostic methods
On each farm, tuberculin (TB) testing was conducted 

using the SICTT. On the two case farms, good handling 
facilities were available, enabling these tests to be conducted 
with precision. The deer were tested indoors, and artificial 
lighting was used on dull days. Sika deer, due to their small 
size and quiet temperament, were easy to handle. The 
same tester initiated and completed each SICTT to ensure 
consistency.
On each farm, the SICTT was conducted using the 
following methodology. A coarse electric shears (Liscop 
Super 3000-Type 1300-2-TD) was used to remove heavy 
hair from one side of the neck and then a fine electric shears 
(Oyster no. 80, size 40) was used to prepare two injection 
sites. Each injection site was approximately 45mm square, 
and both sites were located 70-80mm apart, in the middle 
third of the neck. Each site was palpated and unusual 
features (lumps etc.) noted. A fold of skin was lifted at each 
site, between the thumb and forefinger and measured using 
digital calipers. All measurements were recorded. Then, at 
the centre of the upper and lower sites, respectively, 0.1ml of 
avian tuberculin PPD (25,000 IU/ml) and bovine tuberculin 
PPD (30,000 Ph. Eur. U/ml, each from the Institute for 
Animal Science and Health, Lelystad, the Netherlands) 
were injected intradermally using a single-dose 1ml insulin 
syringe and 26‑gauge, 3/8 inch needle. Needles were 
disinfected before each injection using methylated spirits. 
When the intradermal injection was properly executed, a 
slight resistance was evident and a ‘bleb’, which tended to 
spread, was observed to form. A lack of resistance indicated 
the injection was subcutaneous. 72±4 hours after injection, 
the injection sites were examined and measured to the 
nearest 0.1mm. Precise measurements were required as the 
changes in skin thickness were often minimal. The skin 
reaction (the difference between the skin measurements at 
0 and 72 hours) was interpreted according to the schema 
described in Figure 2. A severe interpretation was applied 
where TB infection in a herd had recently been established; 
otherwise a standard interpretation was made. 
Throughout the testing programme in both herds, 
test-positive animals were euthanased and a detailed 
gross post mortem examination was conducted, by the 
Veterinary Laboratory Service, at the Central Veterinary 
Research Laboratory (CVRL; Abbotstown, Co. Dublin) 
or the Kilkenny Regional Veterinary Laboratory 
(KRVL; Kilkenny, Co. Kilkenny). The retropharyngeal, 
submaxillary, bronchial, mediastinal, parotid and 
mesenteric lymph nodes were examined, as were the 
liver and lungs. A large percentage of tissue samples 
showing lesions suspicious of tuberculosis were subjected 
to histopathological examination and/or culture. Normal 
tissues from a random subset of these animals were also 
subjected to culture and histopathological examination. 
Samples for culture were processed as outlined by Quigley 
et al. (1997) and cultured as outlined by Collins et al. (1997). 
Isolates were strain typed using the RFLP method as 
outlined by Costello et al. (1999).
Throughout the study period, all animals submitted 
for routine slaughter were subjected to post mortem 
examination (PME) including examination of the lungs, 

Figure 1: Map and aerial photograph of Farm A, showing the location of deer 
groupings (red outline), the site where a tuberculous badger was found in February 
2002 (B), and the location of badger setts (white).
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livers and the lymphatic glands in the head, thorax and 
abdomen. On most occasions a number of additional 
veterinary staff were available to undertake a more 
enhanced PME which allowed for additional detailed 
slicing of the organs and tissues above for evidence of 
tuberculosis in 406 of the 611 animals slaughtered between 
1998 and 2004. Suspicious lesions were collected for 
histological and cultural examination.

Results
Herd A (Deer)
Infection with bovine tuberculosis was first detected in 
Herd A (the deer on Farm A) during routine post mortem 
examination of deer slaughtered in the factory in 1993. 
TB testing commenced during spring 1994. Testing was 
conducted twice annually in spring and autumn, except 
during 1998, 2001, 2005 and 2006 when only the spring test 
was undertaken (Table 1). 
Skin test reactors were detected from 1994 to 1997. During 
1998, due to competing work commitments, only a partial 
herd test was conducted. In that year, 87 animals were 
examined during enhanced factory surveillance in October. 
Three animals had visible lesions in the mesenteric lymph 
nodes; these lesions were histologically consistent with 
tuberculosis, but were negative on culture. A female culled 
in early 1999 because of poor condition showed gross 
tuberculous lesions in the lung and M. bovis was isolated 
on culture. No reactors were found during 2000 (Table 1). 
Although no herd test was undertaken during the period of 
the FMD crisis in 2001, 55 deer were tested prior to sale, and 
tested negative. 
In 1995, to manage and control the initial TB breakdown, 
young test-negative animals (animals less than two years 
and SICCT-negative) were separated from the older males 
and females, and subsequently managed as a separate herd 
on the pond side of the farm (Figure 1). These animals, 

which formed the basis of Group 3 (see below), never again 
came into contact with the older stock on the hill.
At the start of 2002, Herd A deer were managed as three 
separate groups, including Groups 1 (original herd 1995), 2 
(calves and yearlings) and 3 (animals derived from the new 
herd established in 1994). Group 3 had no physical contact 
with either Groups 1 or 2, whereas Groups 1 and 2 were 
separated by a wire mesh fence (Figure 1). In late winter/
early spring 2002, 60 2001-born calves to females from 
Group 3 had been moved to join 74 Group 2 yearlings, two 
weeks prior to the commencement of testing.
In February 2002, a female deer, from Group 3, with signs 
of pneumonia was presented for clinical examination. 
TB was suspected and the deer was humanely killed. 
Gross lesions of tuberculosis were found and M. bovis was 
subsequently cultured. The entire herd was then tested 
during spring 2002, and the results indicated severe TB 
infection (Tables 1 and 2). At the first TB test on Group 
2 animals (during March 2002), 20 (of 60; 33%) calves and 
21 (of 74; 28.4%) yearlings were skin test positive. At the 
first TB test on animals in Group 3 (during April 2002), 
12 (of 28; 42.9%) eight year-old females, 22 (of 42; 52%) 
three-year-old females, 12 (of 22; 54.5%) yearlings and two 
(of 5; 40.0%) stags were positive. On a second test of Group 
2 (during May 2002) three yearlings and eight calves were 
positive. At the first TB test on animals in Group 1 (during 
April 2002), 17 (of 301, 5.6%) were positive, including 11 
adults and six calves (Table 2).
During 2002-2006, 146 test reactors were examined at post 
mortem, and 91 (62.3%) had gross lesions. From the 91 
gross lesions, 44 (48.4%) were examined histologically and 
41 (93.2%) were positive. Of the 41 histologically positive, 
18 were submitted for culture and 15 (83.3%) were positive 
for M. bovis, one (5.6%) was positive for M. avium and two 
(11.1%) cultured negative. Microbiological examination 
was also conducted on 36 (65.4% of the 55) animals without 
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Figure 2: Charts used for the standard (left) and severe (right) interpretation of the single intradermal cervical tuberculin test (SICTT) in deer.
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gross lesions, and 11 (30.6%) were positive for M. bovis. 
One animal with gross lesions was negative on histology 
but positive on culture. During 1996 to 2006, 71 animals 
were submitted for detailed examination, after being 
culled (64) or found dead (7). Of these, five had gross and 
histopathological lesions consistent with TB, and from four 
of the five, cultures were positive for M. bovis (Table 3). 
During 1998 to 2004, 406 of 611 deer sent for routine 
slaughter to the abattoir were subjected to an enhanced post 
mortem examination. Three of the 406 showed mesenteric 
lesions which were positive on histology but negative on 
culture. The remaining 403 showed no evidence of gross 
TB.

Herd A (Badgers)
In February 2002, a badger with a suppurating neck wound 
was found dead in close proximity to deer in Groups 

2 and 3 on Farm A (Figure 1). Gross lesions typical of 
tuberculosis were found, and M. bovis was cultured from 
the neck wound, lung tissue and head glands. Although 
badgers regularly moved onto Farm A, as evidenced by 
breaches in the perimeter fencing and the presence of 
badger hairs on the wire fence at these locations, the only 
badger sett on the farm was unoccupied throughout 1994 to 
2007 (Figure 1). Badger removal operations were conducted 
in the proximity of Farm A during 1996/97 and 2002/03. 
In 1996/97, 16 badgers were caught at the boundary fence 
within the farm boundaries, including seven animals with 
histopathological evidence (six also had gross evidence) 
of TB  infection. Two of the seven samples were sent for 
culture and were positive for M. bovis. During 2002/03, 17 
badgers were caught, including three on the farm and 14 at 
four badger setts adjacent to the farm boundary (Figure 1). 
Ten of 17 of these animals had histopathological evidence 
(eight also had gross evidence) of TB infection respectively.

Herd A (M. bovis strain types isolated)
The RFLP profile of the M. bovis isolates from deer during 
the breakdowns in 1994 and 2002/03 were different (Table 
4). No isolates from badgers removed during the first 
breakdown were available for strain typing. In 2002/03, the 
M. bovis isolates from deer and a badger shared a common 
RFLP profile.

Herd B
Herd B (the deer on Farm B) originated from Herd A, 
following the purchase of 43 females and one stag in 1992. A 
further two stags were introduced from Killarney in 1993.
Infection was first detected in Herd B following an 
on‑farm death in 1995, and testing commenced in spring 
1996. There were 18 and seven reactors at the tests in 
spring and autumn 1996, respectively (Table 1). Eighteen 

Table 1: Tuberculosis (TB) testing history of Herds A and B during 1994 to 2007: 
number tested and the number and percentage positive

Year Season Herd A Herd B

No. 
tested

No. 
positive. 
(%)

No. tested No. 
positive 
(%)

1994 Spring 150 20 (13.0)

Autumn 206 28 (13.6)

1995 Spring 318 74 (22.3)

Autumn 426 5 (1.2)

1996 Spring 318 5 (1.6) 178 18 (10.1)

Autumn 305 3 (1.0) 115 7 (6.0)

1997 Spring 363 2 (0.6) 145 0

Autumn 387 0 nd

1998 Spring 82 0 137 0

Autumn nd nd

1999 Spring 452 0 206 0

Autumn 82 0 nd

2000 Spring 312 0 nd

Autumn 104 0 nd

2001 Spring 55 0 nd

Autumn nd nd

2002 Spring 625a 117 
(18.7)

nd

Autumn 142 16 (11.0) nd

2003 Spring 399 7 (1.8) 190 0

Autumn 343 1(0.3%) nd

2004 Spring 389 0 nd

Autumn 275 0 nd

2005 Spring 277 2 (0.7) 201 0

Autumn nd nd

2006 Spring 336 3 (0.9) nd

Autumn nd nd nd

2007 Spring 339 0 nd

nd = not done 

a: This number includes a retest on Group 2 during spring 2002 
(Table 2).
In Herd A, severe interpretation of the SICTT results was applied 
throughout the testing programme, whereas in Herd B, severe 
interpretation was only applied in 1996/97.

Table 2: Tuberculin testing results for Herd A during 2002 and spring 2003: number 
tested, number reactors, percentage reactors, number reactors with visible lesions 
at post-mortem, percentage with visible lesions at post mortem, by test number and 
Group

Test 
number

Farm groupa

1 2 3

Number tested 1 301 134 97

2 142 93 77b

3 185c 69 ndd

Number (%) SICTT 
reactors

1 17 (5.6) 41 (30.6) 48 (49.5)

2 5 (3.5) 11 (11.8) 11 (14.3)

3 2 (1.1) 5 (7.2) -

Number (% among 
reactors) with 
visible lesions

1 15 (88.2) 23 (56) 24 (50.0)

2 4 (80.0) 6 (54.5) 9 (81.8)

3 1 (50.0) 5 (100.0) -

a: Group 1 consisted of adults, yearlings and calves, Group 2 
calves and yearlings, and Group 3 adults, yearlings and calves.
b: A test in 2002 (on September 23) was conducted on all deer 
suitable for slaughter from Groups 2 and 3. Eleven reactors, from 
both groups, were detected, including nine with gross lesions. 
The test negative animals, from both groups, were sent direct to 
slaughter and no gross lesions were detected.
c: Included calves in Group 1 that had not previously been tested 
and also the balance of Group 1 not tested in test 2.
d: Not done. Remaining Group 3 animals were slaughtered after 
test 2. 
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of the 25 reactors were part of the original 43 females 
purchased from Farm A in 1992. Yearly testing continued 
during 1997, 1998, 1999 and then again in 2003 and 2005, in 
response to the TB outbreak on Farm A in 2002. Stags had 
been purchased from Farm A by Farm B shortly before 
that outbreak. However, there was no further evidence of 
infection, either during field testing (Table 1) or enhanced 
factory surveillance. Further, no TB was detected in the 
few animals subsequently found dead on-farm. A badger 
removal programme was not introduced on Farm B due to 
the rapid clearance of TB from the herd. 

Discussion
Tuberculosis is recognised as a very important health 
problem of captive deer in many countries, including 
Japan (Yoshikawa et al., 1994), New Zealand (Griffin 
et al., 1998) and the United Kingdom (Fleetwood et 
al.,1988). White-tailed deer are also an important wildlife 
reservoir of bovine tuberculosis in the USA (O’Brien 
et al., 2006). Several detailed reviews of TB in deer are 
available (Clifton-Hadley and Wilesmith, 1991; Griffin and 
Mackintosh, 2000) and these also underline the difficulties 
associated with eradicating TB infection from deer herds. 
The present study highlights the challenges associated with 
TB control and eradication on two deer farms in Ireland. 
Progress with the control and eradication of infection varied 
in both herds, most likely accounted for by the differing 
epidemiological picture in both herds. TB was rapidly 
eradicated from Herd B where infection was focused 
primarily in a group of older animals purchased from Herd 
A some years previously. Similarly, the 1994 outbreak in 
Herd A which was primarily focused in older animals, was 
successfully controlled and eradicated over the subsequent 
four years, using a test and slaughter policy. In contrast, 
however, the 2002 outbreak in Herd A proved more 
difficult to eradicate and, based on current progress and 

noting that further testing will be required, it has taken at 
least five years to clear infection. Herd A had a clear test in 
spring 2007. This outbreak, unlike the earlier one, showed 
that the prevalence of disease in younger animals was 
higher, with the tests in spring 2002 identifying 117 reactors 
of which 70 (60%) were less than two years old. (Group 
2, 30.6% positive in March 2002; Group 3, 49.5% positive 
in April 2002). In contrast, during the 1994 outbreak the 
prevalence in younger animals was lower. Testing in 1994/95 
produced 122 reactors, of which 40 (32.7%) were less than 
two years old. The remaining reactors varied in age from 
2 to 14 years. Griffin et al., (1998) had also observed that 
eradication efforts were less effective in herds with well-
established infection such as herds with more than 30% of 
animals infected at the index test and high infection levels 
among younger animals.
The SICTT was used as the primary method of detecting 
infected animals on both case farms. Disease eradication 
was effectively achieved in the three outbreaks through 
the detection and removal of reactor animals in Herd B 
and with additional control measures in Herd A. In our 
experience, the test proved highly effective in removing 
infected animals as highlighted by the high level of 
correlation between the results of the SICTT and PME 
findings. The proportion of test-positive deer where 
infection was confirmed was approximately 60%. This 
figure was an under-estimate because the culturing , 
especially of the NVL reactors (i.e., those with no visible 
lesion on gross examination), was not exhaustive. Bearing 
in mind that not all animals were subjected to extensive 
microbiological examination for M. bovis at PME, it was 
not possible to determine sensitivity to the SICCT. It has 
been reported that the performance of the comparative 
tuberculin test under natural field conditions is extremely 
variable, varying between 31%  (Griffiths, 1989) and 90% 
(Stuart et al., 1988). High levels of sensitivity (91.4%) were 
achieved in experimentally infected deer under controlled 
conditions (Corrin et al., 1993). It has been reported that 
when the tuberculin test is used in association with other 
measures, such as quarantine and careful management, the 
incidence of tuberculosis can be reduced to low levels or 
eliminated (O’ Reilly and Daborn, 1995).
The SICTT in deer is not without practical and technical 
difficulties. Herd tests cannot be carried out during the 
calving (mid May to early July) and rutting (September and 
October) seasons. Consequently, on the case farms testing 
was limited to the period between October and May. As a 
result, there was often a prolonged interval between testing, 
which may have played a role in ongoing transmission 

Table 4: Restriction fragment length polymorphism (RFLP) typing of 
Mycobacterium bovis strains isolated from deer and a badger during two TB 
breakdowns in Herd A during 1994 and 2002

Year RFLP analysisa Number of isolates from:

IS6110 PGRS DR Deer Badgers

During 1994 A1 D5 A 3

During 2002 A1 D8 A 4 1

a: Restriction fragment length polymorphism (RFLP) analysis 
based on DNA probes from IS6110, the polymorphic GC-rich 
sequence (PGRS) and the direct repeat (DR) sequence.

Table 3: Post-mortem, histology and culture results of Herd A animals culled (60 
animals) or found dead (11) during 1996 to 2006

Year Animals culled or found deada No confirmed positive

Total No. with visible lesion  
at post‑mortemb

                  

Histology Culture

1996 2

1997 3

1998 1

1999 4 1 1 1

2000 8

2001 8

2002 8 2 2 2

2003 16

2004 5

2005 14 1 1 0

2006 2 1 1 1

Total 71 5 5 4

a: The culls and dead deer were mainly older females Includes 
single deer diagnosed with TB pneumonia in early 2002 that led 
to the testing of the herd. 
b: Of the 66 NVL  (no visible lesion on gross examination) deer, 
samples from 18 were cultured. All were negative.
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of infection in Herd A. Following the skin test, there is 
desensitisation (suppression of skin reactivity) to subsequent 
SICTT tests, which is still present 60 days following the 
previous test (Corrin et al., 1993). In this study, testing 
intervals were always greater than 60 days, generally closer 
to 90 days; and in some cases the intervals were longer. 
In sika deer, double skin thickness varies between 1.3mm in 
young deer to 11mm in stags. Therefore, considerable care 
is needed throughout testing, particularly in thin-skinned 
animals, to ensure that tuberculin is injected intradermally 
and not subcutaneously. In our experience, the testing 
procedure needs to be substantially more rigorous in deer 
than cattle, demanding significantly more diligence from 
the tester and handlers alike. The relative cost of tuberculin 
testing is greater in deer than cattle, due to the slow rate 
of testing and lower monetary value of individual animals, 
particularly for fallow and sika deer. This has negative 
implications for the economics of TB eradication in the 
deer industry.
The source of the first TB outbreak on Farm A in 1994 
remains unknown. Although there was a history of periodic 
TB breakdowns among neighbouring cattle herds, which 
largely coincided with the breakdowns on Farm A, there 
was no contact between deer and cattle along the boundary 
fences. In the second outbreak on Farm A, it is possible to 
rule out residual infection as the source, given the differing 
RFLP profile of M. bovis isolates in the two outbreaks. In 
the 2002 outbreak, the same strain of M. bovis was found 
in deer and a badger, which highlights the potential for 
badger involvement. Although the RFLP result does not 
prove that the badger was responsible for transmission to 
the deer, the badger had a bite wound from which M. bovis 
was recovered. That bite wound was most likely inflicted 
by an infected badger. Recent work has highlighted the 
importance of badgers in the epidemiology of tuberculosis 
in Irish cattle herds (Griffin et al., 2005). In New Zealand, 
it is hypothesised that the principal mode of transmission of 
TB from dying tuberculous possum to deer is via the oral 
route or droplet inhalation, with the more dominant and 
inquisitive deer being the first to become infected (Lugton 
et al., 1997). In this breakdown, winter feeding may have 
played a role in the transmission of infection. Apple pulp 
was fed on the ground on a daily basis, which may have 
facilitated contact among deer and between badger and 
deer over a sustained period. In 2002, the prevalence of TB 
was considerably higher in Groups 2 and 3 (in fields close to 
where a dead infected badger had been found) than Group 
1. During both Farm A breakdowns, the TB prevalence 
among badgers was high.
It is likely that infected badgers continue to be present 
in and around Farm A. Therefore, if badgers were the 
source of the second outbreak, reinfection from that source 
remains an ongoing risk. 
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Abstract
Data are lacking in the literature regarding the incidence of osteochondrosis (dissecans) [OC(D)] in relation to lameness evaluation in 
Dutch Warmblood horses. The objective of this retrospective study was to assess the incidence of radiological abnormalities consistent 
with osteochondrosis or osteochondrosis dissecans in 1,231 sound Dutch Warmblood (DW) horses presented for pre-purchase 
examination. Standardised (Dutch) pre-purchase examination protocols were evaluated. The pre-purchase examination included a clinical, 
lameness and radiological evaluation, performed at a private equine clinic in the Netherlands. Radiographical examination included 
views of the distal (DIP) and proximal (PIP) interphalangeal, metacarpo- and metatarsophalangeal (MCP/MTP), tarsocrural (TC) and 
femoropatellar (FP) joints. Radiographical evidence of OC(D) was found in 44.3% of clinically sound DW horses. In this study, 443 horses 
(36%, n=1,231) had evidence of OCD and 102 horses (8.3%, n=1,231) had evidence of OC on pre-purchase radiographs. The results 
also indicated that the TC joints were significantly more likely to be affected. A considerable number of horses did not demonstrate any 
lameness, although radiographs revealed OC(D). 

Key words: Osteochondrosis, dissecans, lameness, pre-purchase, examination
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Introduction
Physical well-being determines the durability and capability 
of a horse. In particular, the health of the locomotor system 
in horses is of paramount importance (Grondahl and 
Engeland, 1995; Storgaard et al., 1997). The orthopaedic 
health status of a horse, as determined radiographically, is 
often regarded as an indicator for its future performance 
(Rossdale et al.,1985; van Hoogmoed et al., 2003).
Osteochondrosis (dissecans) [OC(D)] or failure of normal 
cartilage maturation (Jefcott, 1991) is the most frequent cause 
of impaired orthopaedic potential (Hoppe, 1984; Jefcott, 
1991; van Weeren et al.,1999, 2002), and clinical signs may 
vary from none to minor, or from severe joint effusion to 
clinical lameness (Hoppe, 1984; Sandgren, 1988). Nilsson 
first described osteochondrosis in the horse in 1947 (Nilsson, 
1947).  It became a widely accepted clinical entity in the 
1970s. Nowadays, the problem has a high prevalence in 

many equine breeds. Osteochondrosis, with or without intra-
articular fragmentation, is a common finding in Warmblood 
horses (Hoppe, 1984; Sandgren, 1988; Storgaard et al., 1997; 
van Weeren et al., 1999, 2002; van Hoogmoed et al., 2003; 
Stock et al., 2005a, 2005b, 2006). An estimated 20-25% of 
newborn foals will develop some form of OC(D) (Barneveld 
and van Weeren, 1999). In northwestern Europe alone, 
OC(D) affects 20,000 to 25,000 foals every year (Barneveld 
and van Weeren, 1999). OC(D) is therefore one of the most 
important of the so-called ‘developmental orthopaedic 
diseases’ (McIllwraith and Foerner, 1991).
Horses presented for pre-purchase examination, lameness 
evaluation or arthroscopic surgery may show OC with or 
without intra-articular fragments in various joints and sites. 
(McIllwraith and Foerner, 1991; Foland and McIllwraith, 
1992; Grondahl and Dolvik, 1993; Laws and Richardson, 
1993; Schneider and Ragle, 1994; Fortier and Foerner,1995).  
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Decreased performance, reduced sale value and potential 
veterinary costs result in economic losses in all sections of 
the equine industry (Stock et al., 2005a). The presence of 
OC(D) is a serious consideration in the selection of horses 
for breeding future generations. Results of several studies 
suggested that radiographical determination of orthopaedic 
health traits is compatible with breeding progress for 
performance parameters in (Hanoverian) Warmblood horses 
(Dabareiner and Sullins, 1993; Barneveld and van Weeren, 
1999; Dik and Enzerink, 1999; Stock et al., 2005a, 2005b).	
	
The incidence of OC(D) with or without resultant lameness 
in a general population of horses is unknown. In the cases 
described, the pre-purchase examination ranged from a 
simple lameness evaluation to inclusion of more extensive 
diagnostic aids such as endoscopy of the upper airway, 
radiography, ultrasound of various tendons and ligaments 
and even nuclear scintigraphy (Jorgensen and Proschowsky, 
1997; Kane, 2003; van Hoogmoed et al., 2003).
Veterinarians are frequently asked to speculate on how 
abnormalities such as OC(D) will affect future performance. 
Data for a large series of healthy DW horses, with regards to 
abnormal findings on radiographs, additional lameness and 
their future implications on performance, are not available. 
Because of the assimilation of continental Warmblood breeds 
into the Irish sport horse population in recent years (DAFF, 
2005), the incidence of OC(D) in sound Warmblood horses 
needs to be determined. The objective of this study was 
to identify the radiological abnormalities consistent with 
osteochondrosis or osteochondrosis dissecans, found during 
pre purchase examination in an apparently healthy, closed 
population of sound Warmblood horses.

Materials and methods
Pre-purchase examination documents and associated 
radiographs of 2,156 horses, presented to Bears private 
equine practice (Bearsterdijk 14, 9025 BR Bears, the 
Netherlands), between 2001 and 2005, were evaluated. 
Horses were included in this study if a clinical examination, 
flexion tests (lower and upper limb) and a lameness 
evaluation obtained by trotting the horses in a straight line 
and on a lunge line on hard (paved) and soft (sand) ground 
surfaces, was performed. The information obtained from 
the records included the horse’s signalment (breed, age, 
sex), intended use, outcome of lameness evaluation and 

whether ancillary procedures (radiography or endoscopy) 
had been performed. Only cases with a complete 
radiographical evaluation were included in this study and 
clinically lame horses, as documented on the pre-purchase 
documents, were not. 
A standardised pre-purchase radiological protocol was 
used (Table 1). The DIP joints of the hind limb were not 
radiographed separately, but the dorsal proximal aspect of 
the third phalanx was always included in the MTP joint 
radiographs. The dorsal to plantar views of the MTP joints 
were only included if pathology was detected in any of the 
LM views.
Radiological changes were categorised as intra-articular 
fragmentation/osteochondrosis dissecans (OCD) or 
osteochondrosis (OC). The latter included cases with 
evidence of irregular, flattened and/or remodelling of 
joint surfaces and/or radiolucent zones in the underlying 
subchondral bone (Watkins, 1992). The anatomical locations 
of the OC(D) viewed on the radiographs were recorded for 
each case. Changes in the proximal sesamoidean bones were 
not included as part of this study. The asking price of the 
horses was not included in the study.	
A Chi-squared test was used to determine the joints most 
commonly involved with OC(D). Statistical comparisons 
were performed using computer software (e.g. SPSS®12.0; 
SPSS Inc., Chicago, USA). The Mann-Whitney U test was 
used to compare differences between the OC and OCD 
group with respect to age and gender, with significance 
determined as P<0.05.

Results
Data for 2,156 horses were reviewed. Of these, 1,231 were 
sound, had complete pre-purchase reports and included 
complete sets of radiographs. These 1,231 horses comprised 
443 (36%) geldings, 615 (50%) mares and 173 (14%) stallions. 
Intended use of these horses was: recreational (13%), show 
jumping (57%) and dressage (30%) (Table 2). This sound 
group of 1,231 Dutch Warmblood horses with a mean age 
of 4.5 years (range: one to 14 years) was further analysed. 
634 horses (52%) had radiographical abnormalities. Of 
these, 545 horses (44.3%) were consistent with OCD in 443 
horses (36%) and OC in 102 horses (8.3%). OC(D) lesions 
were visible in multiple joints in 234 horses (19%) (Table 3).
Gender and age did not appear to significantly affect the 
prevalence of OC(D). OCD was seen significantly more 
frequently in the TC joint (P=0.003) than in other joints. 
The likelihood of bilateral FP and TC joint OC(D) was 
significantly increased in comparison to other joints 
(respectively P=0.002, P=0.004)				  
					   

Table 1: Radiographical views of joints obtained in the standardised pre-purchase 
radiological protocol of 1,231 Dutch Warmblood horses.

Joint Radiological view obtained

Distal interphalangeal (DIP) LM, DPPDO

Proximal interphalangeal (PIP) LM

Metacarpophalangeal (MCP) LM, DP, DLPMO, DMPLO

Tarsocrural (TC) LM, DP, DLPMO, DMPLO

Metatarsophalangeal (MTP) LM, (DP)

Femoropatellar (FP) LM, CaL-CrM

(LM=Lateral to medial, DP=Dorsal to palmar (plantar), DLPMO=Dorsolateral 
to palmar (plantar)medial oblique 45°-60°, DMPLO=Dorsomedial to 
palmar(plantar)lateral oblique 45°-60°, CaL-CrM=Caudolateral to craniomedial 
oblique 30°, DPPDO=Dorsoproximal to palmarodistal oblique 45°-60°). NB: DP views 
of the MTP joints were only included if pathology was detected on any of the LM views.

Table 2: Distribution of lame and sound Dutch Warmblood horses obtained from pre-
purchase records (2001-2005).

Category/Year 2001 2002 2003 2004 2005 Total

Total number of 
horses

154 327 348 563 764 2156

Lame horses 57 79 87 307 318 848 

Sound horses 89 227 248 233 434 1231

Incomplete data 8 21 13 23 12 77
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Discussion				  
Within every retrospective study certain limitations are 
encountered. Incomplete pre-purchase forms and/or 
radiology reports and intra-articular fragmentation due 
to traumatic injuries were not included within this study. 
Several veterinarians were involved in performing the 
lameness evaluation over the years. However, radiographs 
were viewed by one clinician only (Dr B. van Ittersum). 
This study did not analyse the 848 lame horses presented 
for pre-purchase examination and whether these lamenesses 
were caused by OC(D) was not determined. The surveyed 
group of horses came from one breeder only, had not been 
previously treated for OC(D) and were kept in similar 
conditions.			 
Although 44.3% of the investigated Dutch Warmblood 
horses in this study had radiographical abnormalities, 
surprisingly no lameness was evident. To use radiology as 
an indicator, without a proper lameness evaluation, for a 
Dutch Warmblood horse’s future performance capability 
should therefore be discouraged as has been suggested in 
the literature (van Hoogmoed et al., 2003). Limited data 
are available concerning OC(D), within breeds intended 
for show jumping and/or dressage, and its subsequent 
correlation with lameness. Stock et al. (2005) reported 
an OC(D) incidence of 32% within a population of 3,749 
Hanoverian Warmblood horses. No significant correlation 
between the incidence of OC(D) and lameness was reported 
within these Hanoverian or Dutch Warmblood breeds. 		

	
The multiple reports of surgical intervention for horses 
affected with OC(D) describe young horses, of which the 
majority are Thoroughbred racehorses or Standardbred 
trotters (McIlwraith and Foerner, 1991; Foland et al.,1992; 
Sandgren and Dalin 1993a, 1993b; Fortier and Foerner, 
1995). The present study suggests that within the Dutch 
Warmblood breed, lameness does not necessarily develop in 
maturing horses, since there were similar number of horses 
that were greater than five years old and those that were less 
than five years old. The Warmblood horses (mean age of 4.5 
years) were older than the Standardbred trotter population 
of two to three-year-olds reported by Torre and Motta 
(2000). Genetic predisposition, environmental influences 
and differences in training attitude could explain this 
difference (Rossdale et al.,1985; Watkins, 1992; Sandgren 
and Dalin, 1993a, 1993b; Fubini and Hollis, 1999).		

Dutch Warmblood horses displayed a predisposition for 
OC(D) within the TC joint (16%), as has been reported 
in many other breeds. Stock et al., (2005a, 2005b, 2006) 
reported an incidence of 9.6% in a Hanoverian Warmblood 
population; McIlWraith and Foerner, (1991) reported 
an incidence of 11-24% within Thoroughbred racehorse 
populations; Hoppe (1984) reported an incidence of 15% 
within a Swedish Warmblood population; and, other studies 
have suggested that between 10-15% of Standardbred 
trotters have OC(D) in the TC joints (Hoppe, 1984; 

Table 3: Number and percentage of horses, with specific OC(D) in different joints, obtained from pre-purchase radiographs of 1,231 Dutch Warmblood horses. 

Horses OC(D), (%) n=1,231 Horses with OCD Horses with OC Total number of horses 
with OC(D)Joints

Tarsocrural (TC) 167 (13.6%) 30 (2.4%) 197 (16%)

Bilateral TC 27 (2.2%) 53 (4.3%) 80 (6.5%)

Distal intermediate ridge tibia (DIRT) TC 118 (9.6%) - 118 (9.6%)

Bilateral DIRT TC 53 (4.3%) - 53 (4.3%)

Medial malleolus TC 11 (0.9%) - 11 (0.9%)

Medial trochlear ridge TC 25 (1.9%) 12 (1%) 37 (2.9%)

Lateral trochlear ridge TC 13 (1.1%) 18 (1.4%) 31 (2.5%)

Femoropatellar (FP) 121 (6.8%) 37 (3%) 158 (9.8%)

Bilateral FP 10 (0.8%) 29 (2.4%) 39 (3.2%)

Lateral trochlear ridge of femur FP 53 (4.3%) 23 (1.9%) 76 (6.2%)

Patella FP 38 (3.1%) 7 (0.6%) 45 (3.7%)

Medial trochlear ridge FP 27 (2%) 4 (0.3%) 31 (2.3%)

Trochlear groove FP 13 (1%) 3 (0.2%) 16 (1.2%)

Metacarpophalangeal (MCP) 49 (4%) 26 (2.1) 75 (6.1%)

Bilateral MCP 12 (1%) 12 (1%) 24 (2%)

Dorsal margin P1 MCP 31 (2.5%) 15 (1.2%) 46 (3.7%)

Palmar margin P1 MCP 5 (0.4%) - 5 (0.4%)

Dorsal sagittal ridge MCP 13 (1.1%) 11 (0.9%) 24 (2%)

Metatarsophalangeal (MTP) 96 (7.9%) 9 (0.7%) 105 (8.6%)

Bilateral MTP 88 (7.2%) 9 (0.7%) 97 (7.9%)

Dorsal margin P1 MTP 45 (3.7%) 8 (0.6%) 53 (4.3%)

Plantar margin P1 MTP 39 (3.2%) - 39 (3.2%)

Dorsal sagittal ridge MTP 12 (1%) 1 (0.1%) 13 (1.1%)

Proximal interphalangeal (PIP) 5 (0.4%) - 5 (0.4%)

Distal interphalangeal (DIP) 16 (1.3%) - 16 (1.3%)

Bilateral DIP 5 (0.4%) - 5 (0.4%)

Total 443 (36%) 102 (8.3%) 545 (44.3%)
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Grondahl and Dolvik, 1993; Jorgenson and Proschowsky, 
1997). The distal intermediate ridge of the tibia was the 
most common site for OCD in the TC joint, as previously 
reported (Hoppe, 1984; Sandgren and Dalin, 1993a, 
1993b; Beard and Bramlage, 1994).  Brehm and Staecker 
(1999), Storgard et al. (1997) and Torre and Motta (2000) 
all reported that no significant difference was appreciated 
in (racing) performance between Standardbred trotters 
with and without radiographical findings of OCD in 
the tarsocrural joints. All authors suggested removing 
intra-articular fragmentation in order to prevent later 
development of problems. 	
The second most commonly affected joint was the FP joint, 
although this was less commonly affected than a previous 
Dutch Warmblood study by van Weeren (1999) which 
found an incidence of 21% in a group bred with known 
OC(D)-positive horses. McIlwraith et al., (1993) reported 
a prevalence of FP OC(D) in Thoroughbred racehorses of 
11-24%. However, this included cases identified by clinical 
signs, rather than by radiography. In research by Stock 
(2005a, 2005b), 20.7% of the Hanoverian horses investigated 
showed OC(D) within the MCP/MTP joints. A similar 
incidence level of OC(D) within the MCP/MTP joints was 
seen within the Dutch Warmblood horse population in this 
report, although higher incidences have been reported in 
Standardbred trotter populations (Sandgren, 1988, 1993; 
Jorgensen and Proschowsky, 1997). Stock et al. (2005a, 
2005b, 2006) reported an increase in the percentage of 
horses with osseous fragments in the MTP joints during 
the years of the study. In the Netherlands, in the years 
following 2000, pathology within these joints became more 
apparent, therefore pre-purchase protocols were adjusted 
and radiographs of the MTP joints were included as well. 
Unfortunately, OCD in the MCP and/or MTP joints 
were negatively correlated to performance (Trotter and 
McIlwraith,1982; Nixon, 1990; Houttu, 1991; Grondahl, 
1992; Whitton and Kannegieter, 1994; Roneus and Arnason, 
1998; Torre and Motta, 2000).
The data show that radiological abnormalities in otherwise 
healthy young horses are quite common. Gender and age 
were not significantly associated with OC(D).  Significantly, 
OCD was more frequently detected in the TC joint in 
comparison with other joints and bilateral OCD was 
more common in the FP and TC joints. The likelihood 
of bilateral FP and TC joints OC(D) was significantly 
increased in comparison with other joints. The limited 
ability of equine clinicians to offer accurate advice to clients 
in connection with pre-purchase examinations because of 
inconsistency of data documenting the clinical significance 
of various radiological findings is still an important issue. 
It is encouraging to know that the most commonly affected 
joint with OC(D), the TC joint, is rarely the cause of 
lameness. The owner should be encouraged to permit 
radiographal examination of Dutch Warmblood horses, 
including radiographs of the metatarsophalangeal joints, 
together with a lameness evaluation prior to purchasing the 
horse. The majority of orthopaedic surgeons advise owners 
of horses with OCD that the intra-articular fragments 

should be removed in order to prevent future trauma 
to the joints. The trend towards increased numbers of 
Warmblood horses being imported into Ireland and the 
United Kingdom may result in an increase in the number of 
surgical interventions for OCD.  
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