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Radiographic changes in Thoroughbred yearlings in South Africa

C Furnissa*, A Carstensb and S S van den Bergc

INTRODUCTION
Radiographic studies as part of a

pre-purchase examination of yearlings at
national yearling sales was initiated in
Kentucky, USA, in 1993 with the repository
system, a facility which allows the view-
ing of radiographs, coming into effect in
199614. In New Zealand the repository
system was 1st established in January
2003 at Karaka, Auckland17. In South
Africa the 1st repository was opened
at the 2007 National Yearling Sale in
Germiston where over 300 sets of radio-
graphs were lodged, while in the same
year at the Keeneland National Yearlings
sale in Kentucky, USA, 4700 sets of radio-
graphs were lodged14.

The South African National Yearling
Sale is held annually in Germiston,
Gauteng, where between 550 and 600
yearlings are sold annually26. This is the
largest Thoroughbred sale in South Africa
and in 2008 showed a gross income of
R201 050 000 with the highest priced
yearling sold at R3 million26. In 2008, 269 of
600 yearlings were radiographed (44.83 %).

Radiographic changes recorded from
pre-purchase radiographs of Thorough-
bred yearlings have been investigated in
Thoroughbred populations around the
world, not only in terms of the prevalence
of specific radiographic changes but also
the impact these changes have on the
sale price and future racing career of the
Thoroughbred3,10,11,13,14,17,24. The changes
identified can either be classified as
developmental or traumatic in origin.
Osteochondritis dissecans (OCD) is a
developmental orthopaedic disease and
most commonly manifests as sagittal
ridge defects of the distal metacarpus,
distal intermediate ridge defects of the
tibia, trochlear ridge lesions in the tarsus
and lesions in the stifle joint in the Thor-

oughbred yearling10,11,13,14,17,24. The most
common traumatic radiographic lesions
identified in the same studies are within
the distal joints of the tarsus with the
prevalence varying from 6.1 % to 31 %9,14,17.
Evidence has been found linking these
degenerative changes of the distal joints
of the tarsus to osteochondrosis in juve-
nile horses1,27. In a study of Thoroughbred
yearlings palmar metacarpal disease
(41.3 %) and supracondylar lysis (4.8 %)
were identified in the metacarpopha-
langeal joint (MCP) and is likely linked to
repetitive trauma sustained during exer-
cise2,14.

The purpose of this study is to describe
the prevalence of radiographic changes in
pre-purchase radiographs of Thorough-
bred yearlings presented at the 2008
National Yearling Sale in Germiston,
South Africa. This will enable the veteri-
narian involved in the pre-purchase
examination to inform his/her client of the
normal and abnormal radiographic find-
ings. Our hypothesis was that the preva-
lence of radiographic changes is similar to
studies done in other Thoroughbred
populations around the world.

MATERIALS AND METHODS

Sampling and radiographic studies
Radiographic studies of 269 Thorough-

bred yearlings were obtained from the
repository of the 2008 National Yearling
Sale in Germiston, South Africa. These
radiographs form part of a pre-purchase
examination that the owners/buyers re-
quest and are taken between 1 month
and 1 day before the sale. The owner/
buyer chooses whether or not to lodge the
radiographic studies at the repository.

A radiographic examination of a year-
ling comprised a minimum of 36 radio-
graphs evaluating the front digit (LM),
MCP joint (D15°PrPaDO, D30°MPaLO,
D30°LPaMO, LM flexed), metatarso-
phalangeal (MTP) joint (D15°PrPlDO,
D15°Pr30°MPlDiLO, D15°Pr30°LPlDiMO,
LM), carpus (D 30°–40°) LPaMO, D(20°–
30°) MPaLO, LM flexed), tarsus (D65°
MPlLO, D10°LPlMO, LM) and stifle joint
(Cd20°LCrMO, CdCr, LM). The Thor-
oughbred Breeders Association of South
Africa requires the views described. Poor
quality radiographs were excluded from
the study.
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Each radiograph was evaluated by the
primary researcher (CF). Approximately
10 % of all radiographs were scrutinised
by the co-author (AC). All differences per-
taining to the radiographic changes were
discussed and CF re-evaluated all areas
where differences in opinion were found
and adapted the reports accordingly.

Categorisation of radiographic changes
The digit: radiographic changes recorded

included the angle of phalanx 3 (P3) in
relation to the solar surface (solar angle),
the inclination of the digital axis and
enthesophytes/osteophytes/periosteal
reactions on the phalanges (Fig. 1). The
digital axis was evaluated by observing
the angle of the proximal interphalangeal
(PIP) joint and the distal interphalangeal
(DIP) joint and classifying this angle as
normal, hyperextended or flexed (Fig. 2).
A normal axis was represented by a line
drawn bisecting phalanx 2 (P2) into equal
dorsal and palmar halves being parallel to
the dorsal cortex of P327. Enthesophytes/
osteophytes were identified as new bone
formation exceeding 2 mm in height and
present in specific areas such as the
extensor process of P3 and the distal and
proximal aspects of P2.

Metacarpophalangeal and metatarso-
phalangeal joints and proximal sesamoid
bones: dorsal and palmar/plantar osteo-
chondral fragments were classified as
articular or non-articular. The longest di-
ameters of the osteochondral fragments
were measured. Osteochondral frag-
ments were considered to originate from
phalanx 1 (P1) when they were found in
close proximity to P1 with a fracture bed
identified in the parent bone. The flexed
LM view of the MCP joint highlighted the
dorsal aspect of the sagittal ridge where
the presence of a semicircular notch or
flattening of the visible sagittal ridge was
recorded (Fig. 4). Subchondral cyst-like
lesions were defined as an area of lucency
in the subchondral bone of which the
longest diameter was measured.

Linear lucencies on the abaxial surface
of the proximal sesamoid bones (PSB)
were recorded as vascular channels,
counted and classified into regular or
irregular vascular channels. Regular
vascular channels were defined as linear
lucencies that had parallel sides for the
entire length and were less than or equal
to 2 mm in width. Irregular vascular
channels were defined as linear lucencies
that had non-parallel sides for any portion
of their length or were more than 2 mm in
width14. Lucent areas on the abaxial
surface of the PSBs were measured.
Osteophytes, which were defined as new
bone formation on the articular apices
and bases of the PSBs, were recorded14.

Enthesophytes differed from osteophytes
as they were defined as new bone forma-
tion at the insertion of the interrosseus
medius or origin of the distal sesa-
moidean ligaments14.

The carpus: the presence of osteophytes,
osteochondral fragments, ulnar carpal
bone (Cu) lucencies, the presence of
carpal bone 1 (C1) and carpal bone 5 (C5)
were recorded.

The tarsus: all osteochondral fragments
were measured and recorded. Variations
in appearance of the distal aspect of the
trochlear ridges were ignored as they
were seen as normal variations9. Radio-
graphic changes involving the distal
intertarsal (DIT) and tarsometatarsal
(TMT) joints which included new bone

formation, irregularity of the subchondral
joint surfaces and/or lucencies were re-
corded and these changes were grouped
together.

The stifle: subchondral cyst-like lesions
and osteochondral fragments were mea-
sured and recorded.

Data analysis
Radiographic changes were described

and the percentages of the total radio-
graphic changes noted. The mean as well
as the largest and smallest solar angle for
each P3 was calculated. All findings
and measurements were entered into an
Excel spreadsheet (Microsoft Excel 2007,
Microsoft Corp, Redmond, WA, USA).
The radiographic changes identified in
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Fig. 1: Lateral to medial radiograph of the distal digit showing a solar angle of 4.79°.

Fig. 2: Lateral to medial radiograph showing the measurement of hyperextension of the
digital axis at the proximal interphalangeal joint.



the South African yearlings were com-
pared with other yearling populations
(Tables 9–11).

RESULTS

The digit
The average solar angle of the RF (right

front) and LF (left front) P3 was 2.38° and
2.79° respectively. Hyperextension of the
PIP joint was found in 36 of 238 cases in
the LF digit (15.13 %) and 45 of 238 cases in
the RF digit (18.91 %). Hyperextension in

the DIP joint was identified in 18 of
238 cases in the LF digit (7.56 %) and in 23
of 238 cases in the RF digit (9.66 %) (Fig. 3).
Few of the DIP joints were in a flexed
position (1 of 238 in the left digit, 0.42 %
and 2 of 238 in the right digit, 0.84 %).
Table 1 shows the radiographic changes
of the digits.

The metacarpophalangeal joint and
proximal sesamoid bones

The most common radiographic change
recorded was the change on the sagittal

ridge with 30 of 255 LF MCP joints
affected (11.80 %) and 29 of 255 RF
MCP joints affected ( 11.40 %) (Table 2).
The change was bilateral in 19 (47.50 %) of
the 40 yearlings affected. Proximopalmar
osteochondral fragments were more
common than proximodorsal osteochon-
dral fragments with a total of 5 yearlings
affected (1.96 %). The largest proximo-
palmar osteochondral fragment mea-
sured 7.4 mm in length while the smallest
measured 2.3 mm in length. Four year-
lings had proximodorsal osteochondral
fragments in the MCP joint (1.57 %) mea-
suring 2.0 mm, 2.1 mm, 3.5 mm and 1 mm
in length. All osteochondral fragments in
the MCP joints were found to be articular.

Most MCP joint PSBs had 2 or 3 vascular
channels present on their abaxial surface
with a combination of regular and irregu-
lar vascular channels (Fig. 5). The medial
PSB in both LF and RF had an irregular
abaxial border in 57 of 255 (22.4 %), and
32 of 255 MCP joints (12.50 %), more often
than the lateral PSB, which was affected
in 15 of 255 (5.90 %) and 17 of 255 (6.70 %)
MCP joints. Only a few PSB osteophytes
were seen with 1 of 255 (0.40 %) recorded
in the medial PSB of the LF MCP joint and
3 of 255 (1.20 %) in the medial PSB of the
RF MCP joint.

The metatarsophalangeal joint and
proximal sesamoid bones

Articular proximoplantar fragments of
P1 were more prevalent in the LH MTP
joint with 12 of 255 (4.71 %) MTP joints
affected in comparison with the RH MTP
joint, where 5 of 255 (1.96 %) joints were
affected. The length of these osteo-
chondral fragments ranged from
22–85 mm in the LH MTP joint and
20–69 mm in the RH MTP joint .
Proximodorsal osteochondral fragments
of P1 were recorded in the same fre-
quency in the LH and RH MTP joints with
a total of 4 yearlings affected (1.57 %). The
dorsal osteochondral fragments in the
LH MTP joint were 2.0 and 4.7 mm in
length on 2 separate joints while the in the
RH MTP joint these osteochondral frag-
ments were 3.2 and 0.5 mm in length.
Subchondral cyst-like lesions were identi-
fied in the LH P1 in 2 yearlings. Changes
on the sagittal ridge of the distal meta-
tarsus were identified in only 1 yearling
(0.40 %).

An irregular border of the PSBs of the
MTP joint was seen more frequently in
the medial PSB in both the LH MTP joint
(8.98 %) and the RH MTP joint (8.59 %).
Lucencies showed a similar pattern of
distribution. Osteophytes were identified
on the PSBs with a prevalence 5.47 % and
8.59 %. Visible vascular channels were less
common in the MTP joint than in the
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Fig. 3: Flexed lateral to medial radiograph of the metacarpophalangeal joint showing a
sagittal ridge lesion measuring 8 mm in length.

Fig. 4: Dorsal 30° lateral palmar medial oblique radiograph of the metacarpophalangeal
joint with a palmar osteochondral fragment off the proximal lateral phalanx 1, this one
measuring 8 mm in length.



MCP joint. All radiographic changes of
the MTP joint are listed in Table 4.

The carpus
Carpal bone 1 was present in 78 year-

lings (30.95 %). Exactly half of these year-
lings had C1 bilaterally. Carpal bone 5 was
found less commonly (4 of 252, 1.49 %). A
circular lucency in the Cu was identified
in 21 Thoroughbred yearlings (8.33 %)
with only 5 being bilateral (23.81 %).
These circular lucencies varied in size
ranging from 2.2–7.0 mm in length

(Fig. 6). Osteophytic new bone formation
on the carpal bones was recorded in a
total of 3 yearlings (1.19 %).

The tarsus
Radiographic changes in the DIT and

TMT joints were present in 25 of 252 year-
lings (9.92 %) (Fig. 8). Forty-eight per cent
of these radiographic changes were bilat-
eral. Concavity and/or fragmentation of
the distal intermediate ridge of the tibia
was present in 5 of 252 left tarsal joints
(1.98 %) and 6 of 252 right tarsal joints

(2.38 %) and 33 % of these were bilateral
(Fig. 7). The largest osteochondral frag-
ment recorded was 19 mm × 6 mm while
the smallest recorded was 23 mm in
length. Four tarsal joints affected had
multiple fragments. Other manifestations
of osteochondrosis were found such as
lucencies in the medial malleolus in 1 of
252 yearlings (0.4 %) and changes in the
lateral and medial trochlear ridges of the
talus in 8 of 252 yearlings (3.17 %).
Wedging or collapse of the central and
3rd tarsal bones was identified in 4 of
252 yearlings (1.59 %), 50 % being bilateral.

The stifle
One subchondral cyst-like lesion was

recorded in the right stifle of a yearling
(0.4 %). Lucency and fragmentation of the
patella was identified in the right stifle of
another yearling (0.4 %).

Comparison of radiographic changes
with other similar studies

Similar studies on pre-purchase radio-
graphs in Thoroughbred yearlings were
compared and are listed in Table 9 . The
radiographic findings of each study were
compared to the current study and the
prevalences are represented in Tables 10
and 11.

DISCUSSION
This study provides prevalence data on

the radiographic changes identified in
pre-purchase radiographs of a select
group of Thoroughbred yearlings at the
2008 National Yearling Sale, Germiston,
South Africa. The hypothesis that radio-
graphic changes are similar to studies
done in other Thoroughbred yearling
populations was rejected, and it was con-
cluded that the radiographic findings in
South African Thoroughbreds are not
similar to studies of Thoroughbreds else-
where in the world. These differences are
discussed below.

In the current study there was a lower
prevalence of pedal osteitis (1.26 %) than
in other studies where the prevalence
recorded was between 2 % and 11 %10,14.
The only radiographic change identified
in the current study, in terms of pedal
osteitis, was new bone formation on P3.
This radiographic change was recorded
in the left P3 in 2 yearlings and in the
right P3 in 1 yearling. In 1 study a
D65°Pr-PaLDiO view or upright pedal
view of P3 was also included14. The addi-
tion of this view would increase the likeli-
hood of identifying changes of pedal
osteitis5,27. In the latter view, P3 is seen
dorsopalmarly in its entirety and signs of
bone resorption, marginal fractures or
widening of the vascular channels along
the margin of P3 would be more readily
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Fig. 5: Dorsal 30° lateral palmar medial oblique radiograph of the metacarpophalangeal
joint highlighting the lateral proximal sesamoid bone and its prominent vascular channels
(arrowhead).

Fig. 6: Dorsal (30°–40°) lateral palmar medial oblique radiograph of a carpus showing a
lucency in the ulnar carpal bone (arrowhead).



identified5. The digit radiographic sets in
the current study were limited to a LM
view only, since this was the only view
required by the TBA.

The most common radiographic find-
ing in the digits was deviation in the
digital axis, which was not recorded in
selected studies used for comparison.
This may be significant as it may have an
effect on the future athletic career of the
yearling. Malalignment of the digital
bones is seen in 72.8 % of horses with

front limb lameness15,18. With hyper-
extension of the proximal and distal
interphalangeal joints, greater stress is
placed on the deep digital flexor tendon
(DDFT) and the navicular bone and has
been associated with heel bruising,
lamellar tearing at the toe, pedal osteitis,
navicular disease, distal sesamoidean lig-
ament injury, DDFT tenopathy as well as
injuries to tendons proximal to the digit7.
The disruption of the digital axis may
progress to the long-toe low heel syndrome

commonly seen in Thoroughbred race-
horses. This condition delays break-over
and contributes to increased compression
of the dorsal joint margins of the carpus as
well as the MCP, PIP and DIP joints7.
Without early correction of the digital axis
in long-toe low heel syndrome, chronic
changes may develop that may shorten
the athletic career of the race horse. As no
exact angles were measured, these joints
were only described as flexed, normal or
hyperextended.

The solar angle of P3 was found to be
lower than normal, with the average solar
angle in the RF and LF digit being 2.38°
and 2.79°, respectively. This angle in
normal horses has been recorded to be
between 5 and 10° 5,6,27. This discrepancy in
the angle of P3 has been suggested to be
breed-related as low angles have been
recorded in Thoroughbred populations6.
The other studies of radiographic
changes in Thoroughbred yearlings did
not measure the solar angle, therefore the
results cannot be compared. The solar
angle has been found to be influenced by
trimming of the hoof with the P3 to heel
distance reduced more than the P3 to toe
distance, thus decreasing the angle of the
P315. The horn of the hoof is softer at the
heel area and thus more easily rasped
than the horn in the toe area. This may
result in more horn removed contributing
to the low solar angle.

The prevalence of proximodorsal osteo-
chondral fragments in the MCP joints of
South African Thoroughbred yearlings
was recorded as being 1.57 % in Thor-
oughbred yearlings evaluated, which is
similar to other studies that recorded
prevalences between 1.2 and 1.6 %10,14,24.
Prevalence of proximodorsal osteochon-
dral fragments was found to be similar in
both MCP and MTP joints. In other stud-
ies these fragments were found to be
twice as common in the MTP joint10,14. This
difference between the population of
Thoroughbred yearlings may be attrib-
uted to stud farm management, as these
fragments have been linked to trauma7.

There is a higher prevalence of proxi-
mopalmar and proximoplantar osteo-
chondral fragments in the MCP and MTP
joint in the current study. Similar studies
recorded prevalence of between 0.3 %
and 0.5 %10,14. Proximoplantar osteochon-
dral fragments were found to be more
common in the MTP joints, which was
similar to other studies. As these osteo-
chondral fragments have been attributed
to osteochondrosis and trauma, it is diffi-
cult to explain the relatively higher preva-
lence of palmar/plantar fragments in this
study population7,21. Palmar/plantar osteo-
chondral fragments have been shown to
have a genetic predisposition in Stan-
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Fig. 7: Dorsal 65° medial plantar lateral oblique radiograph of the tarsus showing
an osteochondral fragment originating from the distal intermediate ridge of the tibia
(arrowhead).

Fig. 8: Lateral to medial view of the tarsus showing radiographic changes in the
tarsometatarsal joint, here an osteophyte of the proximodorsal aspect of metatarsus 3
(arrowhead).



dardbreds7. As the genetic contribution is
unknown, it is difficult to speculate
whether or not this factor plays a role in
the prevalence of palmar/plantar osteo-
chondral fragments in the current study.
In this foal crop of 2006 there are no other
radiographic changes in other joints that
suggest that trauma plays a role.

The prevalence of changes on the
sagittal ridge of the MCP joint was lower
(15.69 %). In other studies of Thorough-
bred yearlings the prevalence of sagittal
ridge lesions varied between 7.5 and
60.8 % in the MCP joint10,11,14,24. In 1 study
the prevalence of sagittal ridge radio-
graphic changes was nearly 4 times the
number recorded in this study (60.6 %)14.
Sagittal ridge lesions have been linked to
joint effusion and lameness and thus are
likely to be a significant finding28. A limita-
tion of the current study is the fact that
sagittal ridge lesions were not classified
into types and thus it is not possible to
accurately prognosticate on the sagittal
ridge findings. As discussed above, these
sagittal ridge lesions have been classified
under osteochondrosis although it is
difficult to distinguish between osteo-
chondrosis and trauma7. In this study,
47.50 % of sagittal ridge changes identified
were found to be bilateral and this charac-
teristic may suggest a developmental
aetiology. Factors that influence the
development of osteochondrosis such as
nutrition, biomechanics and genetics
may play less of a role in South African
Thoroughbreds, thus resulting in a lower
incidence.

The most common change seen in the

MCP joints in a previous study was flat-
tening of the distal palmar 3rd of MC3
condyles with a prevalence of 41.3 %,
with half of these changes being bilat-
eral14. These changes have been seen in
working Thoroughbred racehorses2.
Palmar supracondylar lysis was identi-
fied in MCP joints of Thoroughbred year-
lings in the same study with a total of 54
of 1127 Thoroughbred yearlings affected
(4.8 %)14. Signs of flattening of the distal
palmar 3rd of MC3 and supracondylar
lysis were not recorded in the population
of South African Thoroughbred year-
lings. Both of these conditions have been
linked to exercise and the exercise
programmes of the different Thorough-
bred populations could explain the varia-
tion in the prevalence of these conditions.

There was a slightly higher prevalence
of vascular channels, irregular abaxial
borders and lucencies in the PSBs of the
MCP joint in the current study. Vascular
channels are a common finding in Thor-
oughbred yearling radiographs3,14. Radio-
graphic changes in the PSBs have been
described as a grade III sesamoiditis with
9.5 % and 10.9 % of front and hind fetlocks
affected, respectively10. This change could
be present due to an increase in exercise
prior to the sale but may also be associated
with pathology in the interosseus medius7.

No PSB fractures were present in the
current study, in contrast to a prevalence
of fractures in the PSBs of the MTP joint in
27 of 1102 yearlings (2.5 %) in Kentucky14.
This prevalence of PSB fractures may
reflect the management practices at the
studs in the Kentucky region. There may

be an increased risk of injury during rear-
ing of the horse or in the preparation for
the sales.

The prevalence of carpal bone 1 and 5
was 30.95 % and 1.59 % respectively. This
radiographic finding was not recorded in
the other studies of Thoroughbred year-
lings used as a comparison. The South
African Thoroughbreds fall into the
normal reference range for these radio-
graphic features5.

There was a lower prevalence of lucen-
cies in the Cu bone in the current study. It
has been found that ulnar carpal bone
lucencies and associated fragments can be
an incidental finding in horses from all
disciplines23. It is difficult to explain this
lower prevalence in the South African
Thoroughbred yearling population. It
may be speculated that these lucencies
could represent osteochondrosis lesions.

There was a lower prevalence of osteo-
phytes in the carpus with similar studies
showing a prevalence of between 1.7 %
and 2.6 %14,24. This radiographic change,
indicative of a degenerative process in the
joint, may reflect the differences in the
exercise programmes of the different
Thoroughbred populations. Poor confor-
mation may also play a role7.

No osteochondral fragments associated
with the joints in the carpus were present
in South African Thoroughbred year-
lings. Other studies of Thoroughbred
yearlings found a prevalence for osteo-
chondral fragments of 0.3 to 2.2 % of carpi
examined10,14,24. Again the presence of this
radiographic change in other groups of
Thoroughbred yearlings may reflect the
level of exercise to which they are exposed
to prior to the Yearling Sales.

There was a lower prevalence of radio-
graphic changes in the DIT and TMT
joints (9.92 %). Other studies had a
recorded prevalence of 17.5 % and 30 %,
respectively14,17,25. It has been found that
osseous spurs in the DIT and TMT joints
could not be linked to hind limb lame-
ness25. Further research is needed to
explain the low incidence of tarsal radio-
graphic changes in the current study.

The prevalence of osteochondrosis
lesions in the tarsus (4.4 %) and stifle
(0.8 %) is generally lower compared with
other studies10,14,17,24. Concavity/fragmen-
tation of the distal intermediate ridge of
the tibia was the most common
osteochondrosis lesion and was present
in 4.4 % of yearlings in a previous study
compared with 3.17 % in the current
study14. The lower prevalence of lesions
indicative of osteochondrosis may be
attributed to a difference in management,
genetics or nutrition or a combination of
these factors in the South African popula-
tion of Thoroughbred yearlings. Other
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Fig. 9: Caudal to cranial radiograph of the femorotibial joint showing a subchondral
cyst-like lesion in the medial femoral condyle (arrowhead).



reasons for this low prevalence recorded
could be the low sample population in
the current study or the fact that yearlings
with tarsal or stifle lesions may not have
had their radiographs lodged in the
repository.

The aetiopathogenesis of osteochon-
drosis is often multifactorial and poorly
understood; genetics, nutrition and
biomechanics are factors that have been
implicated in the development of this
condition16,19,20. The South African Thor-
oughbred population is not an isolated
genetic pool. Seventy per cent of the top
100 yearlings at the 2008 National year-
ling sale were sired by stallions from the
USA. This statistic suggests a strong link

to the USA gene pool. There is a great deal
of movement of Thoroughbred race-
horses in and out of South Africa for
breeding and racing purposes. In 2008, a
total of 295 Thoroughbreds were imported
into South Africa for these purposes26.
This suggests that the local Thorough-
bred racehorses do not have an isolated
gene pool and thus this factor is unlikely
to play a role in the low prevalence of
OCD lesions present. Another factor
influencing the development of osteo-
chondrosis is nutrition. Further investiga-
tion of this factor in the different
Thoroughbred populations is warranted.
Individual management practices may
also play a role in the development of

osteochondrosis lesions. The differing
management practices may be reflected
in the amount of time foals spend on pas-
ture or confined in a stable, as well as the
exercise programme of the yearling prior
to the sale16. Management practices in the
various study populations should be
further investigated to try to account for
the low prevalence of osteochondrosis
lesions seen in the current study.

The prevalence of flattening of the distal
palmar 3rd MC3, supracondylar lysis,
sesamoid fractures, osteophytes and frag-
mentation of the carpus and radiographic
changes in the distal joints of the tarsus is
higher in other populations of Thorough-
breds and these changes are all related to
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Table 1: Radiographic changes recorded in the LM views of the LF and RF digits of Thoroughbred yearlings (n = 240 yearlings).

Radiographic change Category Left front Right front

No. % No. %

Digital axis Normal Yes 185 77.73 % 173 72.67 %
No 53 22.27 % 65 27.31 %

PIP joint hyper-extended Yes 36 15.13 % 45 18.91 %
No 202 84.87 % 193 81.09 %

PIP joint flexed Yes 0 0.00 % 0 0.00 %
No 238 100.00 % 238 100.00 %

DIP joint hyper-extended Yes 18 7.56 % 23 9.66 %
No 220 92.44 % 215 90.34 %

DIP joint flexed Yes 1 0.42 % 2 0.84 %
No 237 99.58 % 236 99.16 %

PIP & DIP joint hyper-extended Yes 4 1.68 % 5 2.10 %
No 234 98.32 % 233 97.90 %

Enthesophytes/osteophytes Extensor process Yes 7 2.94 % 9 3.78 %
No 231 97.06 % 229 96.22 %
No 230 96.64 % 229 96.22%

Dorsal proximal P2 Yes 5 2.10 % 6 2.52%
No 233 97.90 % 232 97.48 %

P3 dorsal mineralisation reactions Yes 2 0.84 % 1 0.42 %
No 236 99.16 % 237 99.58 %

Total bony changes Yes 16 6.72 % 18 7.56 %
No 222 93.28 % 220 92.44 %

Bony changes and abnormal digital axis Yes 5 2.10 % 8 3.36 %
No 233 97.90 % 230 96.64 %

Bony changes and normal digital axis Yes 11 4.62 % 10 4.20 %
No 227 95.38 % 228 95.80 %

LM = lateral to medial, LF = left fore, RF = right fore, P2 = phalanx 2, P3 = phalanx 3, PIP = proximal interphalangeal joint, DIP = distal interphalangeal joint.

Table 2: Radiographic changes recorded in the metacarpophalangeal joints of Thoroughbred yearlings (n = 255).

Radiographic change Category Left front Right front Horses Bilateral

No. % No. % No. % No. %

Fragment proximodorsal P1 Yes 2 0.80 % 2 0.80 % 4 1.57 % 0 0.00 %
No 253 99.20 % 253 99.20 % 251 98.43 % 4 100.00 %

Fragment proximopalmar P1 Non-articular 0 0 0 0 0 0 0 0.00 %
Articular 1 0.40 % 4 1.60 % 5 1.96 % 0 0.00 %
None 254 99.60 % 251 98.40 % 250 98.04 % 255 100.00 %

Changes sagittal ridge MC3 Yes 30 11.80 % 29 11.40 % 40 15.69 % 19 47.50 %
No 225 88.20 % 226 88.60 % 215 84.31 % 21 52.50 %

P1 = phalanx 1, MC3 = metacarpal 3.



exercise7. The exercise programme of
yearlings in preparation for the sales may
account for the traumatic and degenerative
radiographic changes. As discussed above,
the prevalence of palmar metacarpal
disease and supracondylar lysis in the
fetlocks of the USA Thoroughbreds may
be due to a more intensive training
programme prior to the sale. Joint injury
rates and exercise programmes have been
shown to differ between trainers3,8. In
South Africa the yearling’s pre-sale train-
ing programme is restricted to walking
and trotting. In South Africa there is a
large amount of affordable labour and
thus studs usually employ 1 handler per
yearling. This may decrease the risk of
injury during the pre-sale exercise pro-
gramme. Yearling sales preparation has

been studied using information from
18 farms in New Zealand. This research
showed a significant difference in train-
ing and incidence of lameness between
farms8. This may apply to Thoroughbred
yearling populations worldwide.

Disease of the suspensory apparatus
or interosseus medius pathology may
account for the mild increase in vascular
channels seen as well as the irregular
borders of the PSBs noted. It may be
speculated that due to the high percent-
age of Thoroughbred yearlings with
hyperextension of the PIP joint in the
current study (15.13 % in the LF digit and
18.9 % in the RF digit) there may be a
greater strain on the interosseus tendon
in this population of Thoroughbred year-
lings. This may lead to an increase in the

number of vascular channels seen in the
PSBs and or result in an irregular border
at the insertion of the interosseus tendon
on the PSB. This is speculation as no at-
tempt was made to link the radiographic
changes in the PSBs to hyperextension in
the PIP joint. This may be investigated in
future studies. One may further speculate
that the long-toe low-heel syndrome may
also play a role in increasing the number
of vascular channels in the PSBs by the
same principles discussed above.

Farriery done on the stud farms may
play a role in the radiographic changes
seen affecting the digital axis, solar angle
and sesamoid changes. Incorrect hoof
trimming or an excessively long interval
between trims could lead to mediolateral
and dorsopalmar hoof imbalance and
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Table 3: Radiographic changes in the metacarpophalangeal joint proximal sesamoid bones of Thoroughbred yearlings (n = 255).

Radiographic change Category Left MCP joint Right MCP joint

Lateral PSB Medial PSB Lateral PSB Medial PSB

No. % No. % No. % No. %

Irregular border Yes 15 5.90 % 57 22.40 % 17 6.70 % 32 12.50 %
No 240 94.10 % 198 77.60 % 238 93.30 % 223 87.50 %

Lucencies Yes 7 2.70 % 14 5.50 % 13 5.10 % 4 1.60 %
No 248 97.20 % 241 94.50 % 242 94.90 % 251 98.40 %

Osteophytes Yes 0 0.00 % 1 0.40 % 0 0.00 % 3 1.20 %
No 0 0.00 % 254 99.60 % 0 0.00 % 252 98.80 %

Total vascular channels 1 48 18.80 % 32 12.50 % 55 21.60 % 35 13.70 %
2 91 35.70 % 73 28.60 % 94 36.90 % 69 27.10 %
3 57 22.40 % 77 30.20 % 51 20.00 % 70 27.50 %
>3 30 11.80 % 55 21.60 % 30 11.80 % 65 25.50 %
None 29 11.40 % 18 7.10 % 25 9.70 % 16 6.20 %

Regular vascular channels 1 31 12.10 % 23 9.00 % 35 13.70 % 25 9.80 %
2 35 13.70 % 25 9.80 % 38 14.90 % 28 11.00 %
3 8 3.10 % 8 3.10 % 7 2.70 % 9 3.50 %
>3 0 0.00 % 0 0.00 % 1 0.40 % 2 0.80 %

Irregular vascular channels 1 17 6.70 % 9 3.50 % 20 7.80 % 10 3.90 %
2 30 11.80 % 23 9.00 % 32 12.50 % 16 6.30 %
3 27 10.60 % 35 13.70 % 23 9.00 % 30 11.80 %
>3 20 7.80 % 34 13.30 % 18 7.10 % 28 11.00 %

Regular & irregular vascular changes 58 22.70 % 80 31.40 % 56 22.00 % 91 35.70 %
None 29 11.40 % 18 7.10 % 25 9.70 % 16 6.20 %

MCP = metacarpophalangeal, PSB = proximal sesamoid bone.

Table 4: Radiographic changes in the metatarsophalangeal joints of Thoroughbred yearlings (n = 255).

Radiographic change Category Left front Right front Horses Bilateral

No. % No. % No. % No. %

Fragment proximodorsal P1 Yes 2 0.80 % 2 0.80 % 4 1.57 % 0 0.00 %
No 253 99.20 % 253 99.20 % 251 98.43 % 255 100.00 %

Fragment proximoplantar P1 Articular 12 4.71 % 5 1.96 % 16 6.27 % 1 0.40 %
Non-articular 0 0.00 % 2 0.78 % 2 0.78 % 0 0.00 %
None 243 95.29 % 248 97.25 % 237 92.94 % 254 99.60 %

Subchondral cyst-like lesions Yes 2 0.80 % 0 0.00 % 2 0.78 % 0 0.00 %
No 253 99.20 % 255 100.00 % 253 99.22 % 255 100.00 %

Changes on sagittal ridge Yes 1 0.40 % 0 0.00 % 1 0.40 % 0 0.00 %
of MT3 No 254 99.60 % 255 100 % 255 100.00 % 255 100.00 %

P1 = phalanx 1, MTP = metatarsophalangeal, MT3 = metatarsus 3.



may lead to radiographic changes seen7.
Similar studies in Thoroughbred year-

lings involved study populations of
between 582 and 1505 yearlings10,14,17,24.
The South African study population
consisted of only 269 Thoroughbred
yearlings. This is a relatively small study
population and this may also play a role in
the low prevalence of radiographic
changes recorded.

One of the previous studies was done
from radiographs that were taken over
4 years from 1993 to 199614. Another study
was done over 6 years from 1986 to 1991
with other studies done later in the new
millenium10,14. The current study is limited
to radiographic studies taken in a single
year, 2008. This may have an influence on
the prevalence of radiographic changes

seen in the South African population of
Thoroughbred yearlings, as seasonal
weather conditions vary from year to
year, which may influence the quality
and quantity of nutrition of the Thor-
oughbred yearling. A more representa-
tive study population would consist of
radiographs of Thoroughbred yearlings
taken over a number of years in order to
eliminate any effects due to variation of
seasonal weather conditions.

The history of the population of Thor-
oughbred yearlings under investigation
was not obtained. The practice of radio-
graphing weanlings has recently gained
popularity in South Africa, resulting in
some horses undergoing arthroscopic
surgery before the sale. One study
showed the incidence of a history of

arthroscopy prior to a yearling sale to be
as high as 13 %22. This would result in a
decrease in the prevalence of radio-
graphic changes present in pre-purchase
radiographic examinations performed.

The owner of the radiographs has a
choice whether to lodge the radiographs
at the repository or not. This principle
also applies to other repositories around
the world4. Radiographic studies of
yearlings with many radiographic
changes may not have been submitted to
the repository as radiographic findings
affect the price of the yearling to be sold.
This principle applies to other studies
whose study population depends on the
lodging of radiographs at a repository.
Therefore, studies which base their study
population on Thoroughbred yearlings
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Table 5: Radiographic changes in the metatarsophalangeal joint proximal sesamoid bones of Thoroughbred yearlings (n = 255).

Radiographic change Category Left MTP joint Right MTP joint

Lateral PSB Medial PSB Lateral PSB Medial PSB

No. % No. % No. % No. %

Irregular border Yes 16 6.25 % 23 8.98 % 16 6.25 % 22 8.59 %
No 240 93.75 % 233 91.02 % 240 93.75 % 234 91.41 %

Lucencies Yes 6 2.34 % 26 10.17 % 11 4.30 % 16 6.25 %
No 250 97.66 % 230 89.84 % 245 95.70 % 240 93.75 %

Osteophytes Yes 14 5.47 % 18 7.03 % 22 8.59 % 21 8.20 %
No 242 94.53 % 238 92.97 % 234 91.41 % 235 91.80 %

Total vascular channels 1 38 14.84 % 44 17.19 % 52 20.31 % 33 12.89 %
2 64 25.00 % 64 25.00 % 60 23.44 % 58 22.66 %
3 51 19.93 % 52 20.31 % 44 17.00 % 38 10.94 %
>3 46 17.97 % 29 11.33 % 40 15.63 % 48 18.75 %
None 57 22.27 % 67 26.17 % 60 23.44 % 79 30.86 %

Regular vascular channels 1 19 7.42 % 19 7.42 % 28 10.94 % 14 5.47 %
2 16 6.25 % 8 3.13 % 18 7.03 % 2 0.78 %
3 7 2.73 % 3 1.17 % 7 2.73 % 0 0.00 %
>3 1 0.34 % 1 0.34 % 0 0.00 % 0 0.00 %

Irregular vascular channels 1 19 7.42 % 25 9.77 % 24 9.38 % 19 7.42 %
2 41 16.02 % 48 18.75 % 34 13.28 % 49 19.14 %
3 28 10.94 % 40 15.63 % 31 12.11 % 31 12.11 %
>3 37 14.45 % 23 8.98 % 31 12.11 % 36 14.06 %

Regular & irregular vascular changes 31 12.12 % 22 8.59 % 23 8.98 % 26 10.16 %
None 57 22.27 % 67 26.17 % 60 23.44 % 79 30.86 %

MTP = metatarsophalangeal, PSB = proximal sesamoid bone.

Table 6: Radiographic changes in the carpus of Thoroughbred yearlings (n = 252).

Radiographic change Category Left carpus Right carpus Horses Bilateral

No. % No. % No. % No. %

Circular lucency in ulnar Yes 13 51.59 % 21 8.33 % 21 8.33 % 5 23.81 %
carpal bone

No 239 94.84 % 231 91.67 % 231 91.67 % 16 76.19 %

Osteophytes Yes 1 0.40 % 2 0.79 % 3 1.19 % 0 0.00 %
No 251 99.60 % 250 99.21 % 249 98.81 % 3 100.00 %

C1 one present Yes 59 23.41 % 58 23.02 % 78 30.95 % 39 50.00 %
No 195 76.59 % 194 76.98 % 174 69.05 % 39 50.00 %

C5 present Yes 3 1.19 % 3 1.19 % 4 1.59 % 2 50.00 %
No 249 98.81 % 249 98.81 % 248 98.41 % 2 50.00 %

C1 = carpal bone 1, C5 = carpal bone 5.



whose radiographs appear in the sales
repository are biased studies as they do
not represent the entire Thoroughbred
yearling population. Whether South Afri-
cans are less likely to lodge all radio-
graphic studies at the repository is

unknown. The repository system has
only recently been introduced at South
African sales and therefore it may be
speculated that South Africans may be
more apprehensive over radiographic
changes and their effect on the sale of

their yearling. This may account for the
lower prevalence of radiographic changes
seen in the current study.

Many studies have researched the effect
of radiographic changes on the athletic
ability of the Thoroughbred racehorse by

0038-2809 Jl S.Afr.vet.Ass. (2011) 82(4): 194–204 203

Table 7: Radiographic changes in the tarsus of Thoroughbred yearlings (n = 252).

Radiographic change Category Left tarsus Right tarsus Horses Bilateral

No. % No. % No. % No. %

Lucencies in the medial Yes 0 0.00 % 1 0.40 % 1 0.40 % 0 0.00 %
malleolus

No 0 0.00 % 251 98.60 % 252 98.60 % 1 100.00 %

Concavity/fragmentation distal Yes 5 1.98 % 6 2.38 % 8 3.17 % 2 33.33 %
intermediate ridge of tibia

No 247 98.02 % 246 97.62 % 244 96.83 % 4 66.66 %

Changes lateral/medial Yes 2 0.79 % 0 0.00 % 2 0.79 % 0 0.00 %
trochlear ridge of talus

No 250 99.21 % 0 0.00 % 250 99.21 % 2 100.00 %

Changes in the DIT and Yes 23 9.13 % 14 5.56 % 25 9.92 % 12 48.00 %
TMT joints

No 229 90.87 % 238 94.44 % 227 90.08 % 13 52.00 %

Wedging or collapse of Yes 4 1.59 % 2 0.79 % 4 1.59 % 2 50.00 %
tarsal bones

No 248 98.41 % 250 99.21 % 248 98.41 % 2 50.00 %

DIT = distal intertarsal, TMT = tarsal metatarsal.

Table 8: Radiographic changes in the stifle in Thoroughbred yearlings (n = 252).

Category Left stifle Right stifle Horses

No. % No. % No. %

Lucency and fragmentation of the patella Yes 0 0.00 % 1 0.40 % 1 0.40 %
No 252 100.00 % 251 99.60 % 251 100.00 %

Subchondral cyst-like lesions of the femoral condyles Yes 0 0.00 % 1 0.40 % 1 0.40 %
No 252 100.00 % 251 99.60 % 251 100.00 %

Table 9: Comparative studies of radiographic changes in Thoroughbred yearlings.

Primary researcher Geographical area No. of Thoroughbred Date
yearlings

Kane et al.11,12 Kentucky 1162 1993–1996
Howard et al.8 Kentucky 582 1986–1991
Jackson et al.9 Australia 2401 2003
Scott et al.20 Australia 755 2003
Olivier et al.15 New Zealand 1505 2003–2006
Furniss et al. South Africa 269 2008

Table 10:Comparative selected studies of common radiographic changes identified in the metacarpophalangeal and metatarsophalangeal
joint in Thoroughbred yearlings.

MCP joints MTP joints

Primary researcher Prox. P1 fragments Sagittal ridge OCD Prox. P1 fragments Sagittal ridge OCD

Dorsal Palmar Dorsal Plantar

Kane et al.12 1.60 % 0.50 % 60.80 % 3.30 % 3.90 % 40.10 %
Howard et al.8 1.20 % 0.10 % 7.50 % 3.40 % 2.00 % 1.10 %
Jackson et al. 9 0.70 % 0.40 % 37.00 % 2.20 % 6.20 % 6.60 %
Scott et al.20 1.70 % 0.50 % 37.10 % 3.30 % 6.20 % 5.40 %
Furniss et al. 1.60 % 2.00 % 15.70 % 1.60 % 7.10 % 0.00 %

MCP = metacarpophalangeal, MTP = metatarsophalangeal, OCD = osteochondrosis, Prox = proximal, P1 = phalanx 1..
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following the career of the racehorse after
the yearling sales13. The prevalence and
distribution of radiographic changes has
been found to have little effect on the
future of racing performance of the Thor-
oughbred racehorse12,14,17. A reason for this
finding could be the short athletic career
of the Thoroughbred racehorse. A race-
horse is 1st raced as a 2 year old as the
races with the highest stakes are often in
the 1st 2 years of its athletic career. It may
be speculated that by the time these
lesions start causing degenerative changes
in the joint, the career of the animal is
over. For this reason many Thoroughbred
racehorse owners have questioned the
role of pre-purchase radiographic exami-
nations. However, the information gained
is important to establish what lesions are
present in the yearling and to use this to
attempt to minimise or prevent the condi-
tion in the future.

The current study provides prevalence
data of radiographic changes in the South
African Thoroughbred yearlings, which
show some differences when compared
with similar studies done in Thorough-
bred yearlings around the world.
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Thoroughbred yearlings.

Carpus Tarsus Stifle Digit

Primary researcher Osteophytes Cu lucencies Fragments Distal joints OCD OCD P3 osteitis
changes

Kane et al.12 Not recorded 20.10 % 0.80 % 24.80 % 12.20 % 6.20 % 11 %
Howard et al.8 Not recorded 0.10 % 0.30 % 2.30 % 3.70 % 4 % 2 %
Jackson et al.9 3.3 % 22.2 % 0.7 % 45.9 % 8.7 % 10.2 % 20.6 %
Scott et al.20 2.60 % Not recorded 2.20 % 26.50 % 0.30 % 8.10 % 4.40 %
Oliver et al.15 Not recorded Not recorded Not recorded 31 % 4 % 3 % Not recorded
Furniss et al. 1.19 % 8.33 % 0 % 9.92 % 4.40 % 0.40 % 1.26 %

Cu = ulnar carpal bone, OCD = osteochondrosis, P3 = phalanx 3.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


