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Summary

Reason for performing study

The metacarpophalangeal joint carries high loads and is one of the most common sites of
overload arthroses and joint failure. Racing seems to be a risk factor for fractures and
fractures occur mostly on the forelimbs.

Objective

The objective of this study was to utilize computed tomography from clinical cases to
establish subchondral bone density patterns of the articular surface in limbs with third
metacarpal condylar fractures, proximal phalanx fractures and proximal sesamoid bone
fractures and to look at the differences and agreements with non-fractured limbs and between
non-racehorses and racehorses.

Material and methods

An experimental group of clinical CT scans of 22 forelimbs of thoroughbred racehorses with
fractures in the third metacarpal, proximal phalanx or proximal sesamoid bones was
compared to a control group of 24 non-fractured limbs of Quarter horses. Also, 18 racehorses
from the fractured group were used as controls for other bones than their fractured bone. An
image analysis program generated color-coded clinical-CT images and the different bones
were analyzed at different denser or less dense areas of the bone. The Fisher’s exact test was
used to establish the statistical significance of differences.

Results

In this study, differences in subchondral bone density patterns of the third metacarpal, the
proximal phalanx and the proximal sesamoid bones were found between the racehorses and
non-racehorses. Significant differences in subchondral bone density patterns were found on
the sagittal groove, in the middle and at the lateral and medial side of the third metacarpal
bone, in the middle and at the lateroproximal side of the proximal phalanx and at the side
where the proximal sesamoid bones are facing each other. Also, significant differences in
subchondral bone density patterns were found between fractured and non-fractured limbs in
the proximal phalanx and the proximal sesamoid bones. These differences were found in the
middle of the proximal phalanx and the side where the proximal sesamoid bones are facing
each other.

Conclusion and Clinical Relevance

There was a significant difference between the fractured and non-fractured limb and the non-
racehorses and racehorses in this paper. However, due to the limitations of this study more
research regarding this subject is still necessary.

Keywords: Equine, fractures, racing, bone density, third metacarpal, proximal phalanx,
proximal sesamoid bones



Introduction

Musculoskeletal injury is the greatest
reason for mortality in thoroughbred
racehorses. Racing seems to be a risk
factor for fractures, which occur mostly on
the forelimbs. (1-3) The
metacarpophalangeal joint carries high
loads and is one of the most common sites
of overload arthroses and joint failure.(4)
In addition, apical fractures of the
proximal sesamoid bone are very common
and can occur simultaneously with
fractures of adjacent bones, including
fractures of the proximal, articular aspect
of the proximal phalanx and fractures of
the distopalmar aspect of the 3rd
metacarpal bone, together also called “the
big three”.(5)

Third metacarpal bone

The third metacarpal bone is one of the
strongest elements of the skeleton (6) At
the distal epiphyses, a sagittal ridge
separates two condyles, whereby the
condylar grooves are abaxial from the
sagittal ridge.

Third metacarpal fractures

Condylar  fractures are site-specific
whereby the lateral condyle is involved
more often than the medial condyle. They
are usually occurring during high-speed
exercise. (8) Different theories suggest that
the fractures occur in adapted bone. (8,10)

Subchondral sclerosis occurs in the palmar
aspect of both medial and lateral condyles
of the third metacarpal bone. Articulation
of the condyles with the proximal
sesamoid bones, which confer the
mechanical load and create stress over the
condyles, could explain this. The sagittal
ridge contacts the intersesamoidean
ligament which transfers less stress onto
the opposing surface, and therefore shows
no signs of sclerosis.(10) A theory
suggests that consequently, subchondral
sclerosis occurs more often on the
condyles of the third metacarpal bone

across the distopalmar aspect than at the
sagittal ridge, which is likely to be
significantly  stiffer. (2,10,11) The
stiffening of the medial and lateral
condyles will be partly responsible for
developing cracking into the subchondral
bone. A relative decrease in density at the
parasagittal groove may predispose this
site to fracture. (12) Continued
overloading increases accumulation and
coalescence of microcracks, which may
result in the development of a fracture.
(13) Another theory suggests that the
trabecular infrastructure of the distal
condyle of the third metacarpal bone is
anisotropic, which can be the cause of the
many fractures on this side.(14)

Proximal phalanx

The proximal phalanx is proximally wider
than the distal articular phalanx of the
metacarpal bone and has proximally an
axial groove in which the sagittal ridge of
the third metacarpal fits. The collateral
ligament of the metacarpophalangeal joint
enters the proximal phalanx at the
tubercles of each side. On the distal end,
there are two condyles separated by an
axial groove which receive the collateral
ligaments of the pastern joint. At the
palmar surface, several ligaments are
attached.

Proximal phalanx fractures

The proximal phalanx fractures occur
mostly through the proximal sagittal
groove along a sagittal plane. (15,16) Old
theories of sagittal fractures of proximal
phalanx suggest that the rotary movement
between the sagittal ridge of the third
metacarpal bone and the sagittal groove of
the proximal phalanx induces forces that
cause fractures. (17) A new interpretation
is that the proximal phalanx has a deficient
adaptive response to exercise which makes
the proximal phalanx unable to deal with
the compressive and torsional forces. This
suggests that the fractures occur after a
longer term of repetitive loading. (18,19)



Proximal sesamoid bones

The proximal sesamoid bones are located
with their triangular shape at the distal
palmar side of the metacarpophalangeal
joint. The three-sided form faces on the
dorsal side the condyle, on the palmar side
the flexor tendons and on the abaxial side
the thick branch of the interosseous
ligament, which gives the abaxial side a
concave shape. The function of the
proximal sesamoid bones is to redistribute
the load on the metacarpophalangeal joint
over the proximal phalanx and sesamoid
bones, instead of the proximal phalanx
only. The proximal sesamoid bones slide
slightly during foot impact because of the
elasticity of the suspensory apparatus and
the flexor tendons.(6)

During the weight bearing phase of the
movement the distal sesamoidean
ligaments, that connect the proximal
sesamoids to more distal structures, give
resistance to metacarpophalangeal
hyperextension. During this
hyperextension, the proximal sesamoid
bones slide below the condyle, where the
palmar  (intersesamoidean)  ligament
extends the bearing surface for the flexor
tendons to give a frictionless movement of
overlying flexor tendons. While the joint is
totally flexed, the sesamoid bones lose
contact with the condyle and slide upwards
at the palmar side of the metacarpal
bone.(6,20,21)

Proximal sesamoid bones fractures

Proximal sesamoid bone fractures are the
most common fracture of all the bones in
the forelimb. (6) Research of Anthenill et
al. (2007)(22) showed a significantly
higher risk for horses with higher exercise
intensities, with  higher  cumulative
distances and horses that had longer
periods of continuous activity to have a
fatal proximal sesamoid fracture. An in-
vitro biomechanical study(23) of cadaver
limbs supports this mechanism of training-

induced effects on proximal sesamoid
bones fractures. These studies suggest that
intensive  training  strengthens  the
suspensory  ligament,  whereby the
proximal sesamoid bones turn out to be the
weakest point of the suspensory
apparatus.(24) A study of Young et
al.(1991)(25) showed differences in the
bone between trained and untrained
horses, whereby trained horses had
significantly lower porosities and greater
trabecular width compared to the control
group. Also, the trained group had
significantly larger mineralizing surfaces
than the control group. With this
knowledge, an alternative explanation
could be that changes within the proximal
sesamoids bones of trained horses make
them more susceptible to fractures.

Bone density patterns

Subchondral bone adapts as a result of race
training.(17) A theory which explains
increasing of bone density is that, as a
result of mechanical loading during
exercise, horses will deposit new bone
within the cancellous bone area of the
epiphysis. This densification IS
accomplished by the formation of new
lamellar bone on resting surfaces and is
characterized by immature bone formed in
the larger compartments of prior marrow
space.(11,26) This response of bone results
in decreased resorption and increased
formation of bone, resulting in a net
increase of the amount of bone per unit
area, also called increased subchondral
bone density or subchondral sclerosis. (27)
Another interpretation is that heterogeneity
in subchondral bone density is a result of
bone resorption as a result of micro-cracks
and at the same time as a result of the
adaptation to exercise. Bone resorption
predominates in the early phase of
remodeling and removes damaged tissue,
whereby the bones get areas of higher
bone porosity and low density. At the
same time remodeling as a result of
exercise causes a higher bone density. (17)



With this knowledge, early recognition of
bone density patterns may offer a method
by which predictive pathological changes
of fractures could be recognized before the
fractures occur.

The objective of this study was to utilize
computed tomography images from
clinical cases to establish subchondral
bone density at the articular surface in
limbs with third metacarpal condylar
fractures, proximal phalanx fractures and
proximal sesamoid bone fractures, and to
look at the differences and correlations
compared to non-fractured limbs and
between non-racehorses and racehorses.

The hypothesis of this research was that
fractured third metacarpal bones, fractured
proximal phalanx bones or fractured
proximal sesamoid bones of thoroughbred
racehorses would have a different bone
density pattern in the articulating area
between those three bones compared to
non-fractured bones of thoroughbred
racehorses.

Another hypothesis was that non-fractured
limbs from thoroughbred racehorses would
have a higher bone density and a different
bone density pattern in the articulating
area between the third metacarpal, the first
phalanx and the proximal sesamoid bones
than non-fractured limbs of non-
racehorses.

Materials and methods

Experimental group

The pre-operative computed tomographic
scans of the articulating surfaces of the
third metacarpal bone, the proximal
phalanx bone and the proximal sesamoid
bones of the forelimbs of 22 thoroughbred
racehorses were obtained from Newmarket
Equine Hospital, United Kingdom. Seven
had a third metacarpal fracture, twelve a
proximal phalanx fracture and three a
sesamoid bone fracture. The different

kinds of fractures are shown in Table 1 to
3.

Control group

The Clinical-CT images of the control
group were obtained from the Veterinary
Teaching Hospital at Fort Collins,
Colorado, USA and consist of 24
forelimbs of 12 quarter horses with
unknown background information like age
and sex. Furthermore, 18 racehorses from
the fractured group were used as the
control for other bones than their fractured
bone. Nine were used as a control for the
sesamoid bone fractures, four as the
control for the third metacarpal fracture
and five for the proximal phalanx fracture.
The fractured limb from the racehorses
was included because of the possible breed
and training-induced effects on the bone.



Imaging with Analyze 12.0

The anatomical regions (third metacarpal,
proximal phalanx and proximal sesamoid
bones), were scanned in a clinical
computed tomographic scanner. The CT
data was acquired in the axial plane
providing in-plane resolution of 49 x 49
pm with a slice thickness of 1 mm for
thoroughbred racehorses (experimental
group). Control limbs were from Quarter
horse breeds with an in-plane resolution of
39 x 39 um and a slice thickness of 1 mm.
To facilitate image interpretation, the CT
data from both experimental and control
groups were transformed into isotropic
voxels 49 um3 and 39 uma3 respectively,
and then reconstructed in order to be
allowed for multi-planar and 3-D formats.
An image analysis program (Analyze 12.0)
generated color Clinical-CT images,
whereby each color corresponds to a range
of Clinical-CT pixel values (Houndsfield
Units). Because of the differences in
general bone density (the thoroughbred
racehorses had a higher density than the
control group), the color scale of the
control group and racehorses differs in
window level and width. The CT number
in the middle of the grayscale is called the oblique plane was chosen to show the

WII’IdOV\{ level an(_j the range of att_enuatlon Figure 2 Two of the variables used to recognize the bone density

values included in the grayscale is called patterns of the Third metacarpal bone.

the window width. (28) To make the

patterns more visible, the proportion of the - _
level and width were the same for the

racehorses and non-racehorses, resp. a Figure 3 The color scale of the CT images. The less dense area is red,
1341/1634 and 1065/1289 for the third ;Jiré;hoi[[er:‘itss;)itarofthls bar and the denser area is purple, on the right
metacarpal ~ bone,  1068/1537  and '

1195/1720 for the proximal phalanx bone

and 1404/1762 and 1145/1436 for the articulating surface with the proximal
proximal sesamoid bones. sesamoid bones. From every third

metacarpal bone, the images at 5, 10, 15,
20 and 25 mm were used for analyzing the
different variables. The variables that were
analyzed in terms of absence or presence
at a given level were 1) a denser area at the
medial and lateral side caused by different

Figure 1 The different variables used to recognize the bone density patterns of
the Third metacarpal bone.

Sections of the bones
Third metacarpal bone
A series of 1-mm 300 oblique contiguous
Clinical-CT images of various levels of the
distal 25 mm of the metacarpal condyle tendons passing here, 2) a denser area at

were obfained throughout the joint the medial or lateral sagittal groove, due to
surfaces from all forelimbs. The 300- the articulation with the proximal
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sesamoid bones; previous research showed
a denser area on this side (4,5,12,22,26), 3)
a less dense, homogenous area in the
middle of the third metacarpal bone, this is
the region where condylar fractures pass
through, 4) a less dense or denser area at
the top of the sagittal ridge, because
previous research found a lower density on
the ridge compared to the sagittal grooves
(10), 5) a less dense area at the medial or
lateral side of the sagittal ridge, because
previous research showed a denser area at
the sagittal grooves and a less dense area
at the sagittal ridge (10), this could be an
important transition area between those
two different bone densities, 6) a bridge of
more density between the denser area at
the medial or sagittal groove to the medial
or lateral side. The reason that this variable
was chosen was to see if there would be a
connection between the denser area in the
sagittal grooves and condylar fractures.
Furthermore, a denser area of the proximal
phalanx at the medial or lateral side and a
less dense area of the proximal phalanx
surrounding the sagittal ridge and groove
of the third metacarpal bone were analyzed
because of the effect of the articulation of

the proximal phalanx on the third
metacarpal bone. The chosen variables are
shown in Figure 1 and Figure 2.When the
area is denser, it means that the area is
more to the right on the color scale, shown
in_Figure 3, while a less dense area means
that the area is more to the left. The more
and less dense areas are compared to the
general color in the bone. The absence or
presence of every variable was noted.

Proximal phalanx

Scans of the proximal phalanges were
obtained through the joint surfaces from
all forelimbs. From every proximal
phalanx bone, scans at 5, 10, 15 and 20
mm from the proximal surface were used
for analyzing the different variables. The
variables classified as present or absent
were 1) a denser area at the medial, lateral
and dorsal side, 2) a less dense area in the
middle of the proximal side, 3) a less
dense area at the medio- or lateroproximal
side, 4) a less dense area in the middle of
the dorsal side, 5) a less dense area at the
medio- or laterodorsal side and 6) a
homogenous less dense area in the middle

Figure 4 The variables used to characterize the bone density pattern of the proximal phalanx, only two
variables are missing: the less dense area in the middle of the proximal side, which is in between the less
dense area at the medioproximal and lateroproximal side. Further, the homogenous less dense area in the

middle of the bone is not depicted.



of the bone. All these variables were the proximal phalanx. From every

chosen to show the effect of the forces variable, the absence or presence was
exerted by the sagittal ridge of the third noted. The included variables are shown in
metacarpal bone on the different parts of Figure 4.

Number Fracture

Complete nondisplaced lateral condylar fracture
Complete nondisplaced medial condylar fracture

Complete nondisplaced lateral condylar fracture

Complete nondisplaced lateral condylar fracture
Complete nondisplaced medial condylar fracture

Incomplete lateral condylar fracture

Complete nondisplaced lateral condylar fracture
Table 1 Fractures in horses with third metacarpal bone fracture.

NO 1 W NR

Number Fracture |
Sagittal plane incomplete proximal phalanx fracture
Sagittal plane incomplete proximal phalanx fracture
Sagittal plane incomplete proximal phalanx fracture
Sagittal plane incomplete proximal phalanx fracture
Sagittal plane incomplete proximal phalanx fracture
Sagittal plane incomplete proximal phalanx fracture
Sagittal plane incomplete proximal phalanx fracture

Sagittal plane complete comminuted proximal phalanx fracture with
frontal component

ONOU PWN =

9 Sagittal plane complete nondisplaced proximal phalanx fracture, drill holes
present

10 Sagittal plane complete minimally displaced proximal phalanx fracture

11 Sagittal plane complete, comminuted distally, proximal phalanx fracture
with minimal displacement

12 Complete medial proximal eminence proximal phalanx fracture

Table 2 Fractures in horses with proximal phalanx fractures.

Number Fracture
1 Biaxial midbody sesamoid fractures
2 Lateral midbody sesamoid fracture
3 Lateral basilar sesamoid fracture with comminution abaxially

Table 3 Fractures in horses with proximal sesamoid bone fractures



Proximal sesamoid bones

A series of 1-mm transverse and dorsal
contiguous Clinical-CT images of the
whole sesamoid bones was obtained
throughout the joint surfaces from all
forelimbs. From every proximal sesamoid
bone, the transverse slides of 5, 10, 15, 20
and 25 mm and the dorsal slides of 5, 10
and 15 mm were used for analyzing the
different variables. The analyzed variables
in the transverse plane that were classified
as present or absent were 1) a denser area
at the medial, lateral or palmar side
because of the possible effect on the bone
of the sesamoidean and suspensory
ligaments and 2) a less dense line from the
proximal side, which faces the third
metacarpal bone, to the distopalmar side of
the bone. The reason this variable was
chosen was because differences in
direction or density in the middle of the
bone could make a difference in the cause
of fractures. Furthermore, the analyzed
variables in the dorsal plane were: 1) a
lower density at the top of the bone,
because apical fractures are most common
in proximal sesamoid bones (5), 2) a lower
or higher density where the bones are
facing each other, because this is the side
of the bone which articulates with the
sagittal ridge of the third metacarpal, 3) a
higher density at the medial compared to
the lateral side because of the possible
effects of the sesamoidean and suspensory
ligaments on the bone and 4) a higher
density at the bottom of the bone, because
this area faces the third metacarpal bone.
From every variable, the absence or
presence was noted. The included
variables are also shown in Figure 5 and

Figure 6.

The correct orientation of the different
sides in this study was verified by the
study of Becatti et al. (2014)(29) that
indicates that the medial proximal
sesamoid bone is wider than the lateral
proximal sesamoid bones.

Figure 5 The transverse plane of the proximal sesamoid bone which
shows the different variables that were used to characterize the bone

density pattern in the proximal sesamoid bones.

Figure 6 The dorsal plane of the proximal sesamoid bone in the first
control shows the different variables that were used to characterize the

bone density pattern in the proximal sesamoid bones.
Data analysis

The group of racehorses was compared
with the group of non-racehorses, using
Fisher’s exact test to establish the
statistical significance of differences. The
P-value was established at 5%. Also, the
Fisher’s exact test was used to establish
the statistical significance of differences
between non-fractured and fractured limbs,
left and right and the medial and lateral
proximal sesamoid bones.
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Results

No third metacarpal, proximal phalanx or
proximal sesamoid bones were excluded
from the analysis. Final group numbers to
compare racehorses and non-racehorses
were n=36 for the third metacarpal bone,
n=21 for the proximal phalanx and n=36
for the proximal sesamoid bones. Final
group numbers to compare the fractured
and non-fractured bones were n=12 for the
third metacarpal bone, n=17 for the
proximal phalanx and n=24 for the
proximal sesamoid bones. From the seven
fractured third metacarpal bones, five had
a lateral condylar fracture and two a
medial condylar fracture. From the twelve
fractured proximal phalanx bones, seven
had an incomplete sagittal plane fracture,
five a complete sagittal fracture and one a
complete medial proximal fracture. The
three fractured proximal sesamoid bones
included one horse with biaxial midbody
sesamoid fractures, one with a lateral
midbody sesamoid fracture and one with a
lateral basilar sesamoid fracture with
comminution abaxially. Details on the
different fractures are given in Table 1 to
3.

Third metacarpal bone

In 36 third metacarpal bones, including 24
of non-racehorses and 12 of racehorses,
there was a noticeable difference in bone
density pattern in eight variables. When
comparing between non-racehorses and
racehorses, non-racehorses had more often
a denser area at the medial (P=0.008) and
lateral (P=0.000) side at the 5 mm
transverse level. Racehorses had more
often a denser area at the medial sagittal
groove at 5 mm (P=0,001) and at the
lateral sagittal groove at 5 mm (P=0.000).
Racehorses had less often a less dense
homogenous area in the middle of the third
metacarpal bone at 15 mm (p=0.000), 20
mm (p=0.000) and 25 mm (p=0.031).
Another significant difference is the
density at the top of the sagittal ridge,
where racehorses had a less dense area at

the top at 5 mm (p=0.000) and non-
racehorses a denser area at the top at 5 mm
(p=0.000). A bridge of more density from
the denser area of the medial sagittal
groove to the medial side is more often
present in racehorses at 5 mm (p=0.031)
and 15 mm (P=0.029) and a bridge from
the denser area at the lateral sagittal
groove to the lateral side is also more often
present in racehorses at 5 mm (p=0.002)
and 15 mm (p=0.003). Outcome for the
different variables and p-values for the
comparison between non-racehorses and
racehorses in the third metacarpal bone are
shown in Table 4. No significant
differences were observed between the
fractured and  non-fractured third
metacarpal bones and between the left and
right limb.

Proximal phalanx

Concerning the 41 proximal phalanx
bones, including 24 of non-racehorses and
17 of racehorses, significant differences
were found in 6 variables. A less dense
area in the middle of the proximal side was
more often present in non-racehorses at 5
mm (p=0.000), 10 mm (p=0.024) and 15
mm (p=0.008) compared to racehorses.
Also, racehorses more often had a less
dense area at the lateroproximal side at 5
mm  (p=0.033) compared to non-
racehorses. Non-racehorses more often
showed at 5 mm (p=0.005) and 10 mm
(p=0.001) a less dense area in the middle
of the dorsal side. While non-racehorses
more often had a less dense area at the
mediodorsal at 10 mm (p=0.028),
racehorses showed this feature more often
at 20 mm (p=0.003). A similar
phenomenon occurred with  another
variable, where at 10 mm (p=0.001) non-
racehorses more often had a less dense
area at the laterodorsal side and at 20 mm
(P=0.024) it were the racehorses that
showed this. A homogenous less dense
area in the middle of the bone was more
often present in non-racehorses at 15 mm
(p=0.001) and 20 mm (p=0.003) compared
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to racehorses. Table 5 summarizes these
results.

When comparing twelve non-fractured and
five fractured proximal phalanx bones of
racehorses (N=17) significant differences
were shown in three variables. Racehorses
with fractures showed less often a less
dense area in the middle of the dorsal side
at 5 mm (p=0.010) and 15 mm (p=0.009)
and a less dense area at the mediodorsal
side (p=0.001) and laterodorsal side
(p=0.053). A homogenous less dense area
in the middle of the bone was more often
seen at 15 mm (p=0.044) in racehorses
without fractures compared to racehorses
with fractures. A summary of the
significant  differences and p-values
between non-fractured and fractured third
metacarpal bones is shown in Table 6. No
significant  differences were  shown
between the left and right limbs.

Proximal sesamoid bones

In 72 proximal sesamoid bones, including
48 of non-racehorses and 24 of racehorses,
there was a noticeable difference in
subchondral bone density pattern in nine
variables. A denser area at 25 mm was
more visible at the medial side (p=0.040)
and the lateral side (p=0.001) in racehorses
compared to non-racehorses in the
transverse plane of the proximal sesamoid
bones. A denser area at the palmar side
was more often present in non-racehorses
at 5 mm (p=0.023) compared to racehorses
in the transverse plane. Also, a line of less
density from the proximal side to the
distopalmar side in the transverse plane
was seen more often in non-racehorses at 5
mm (p=0.034) and 25 mm (p=0.019). A
lower density where the proximal

sesamoid bones faced each other was more
present in non-racehorses at 5 mm
(p=0.000), 10 mm (p=0.000) and 15 mm
(p=0.019) and a higher density where the
proximal sesamoid bones faced each other
was more often present in racehorses at 10
mm (p=0.000) and 15 mm (P=0.000).
Remarkable is that a higher density at the
bottom of the bone is more present in non-
racehorses at 5 mm (p=0.001) and in
racehorses at 15 mm (p=0.006) in the
dorsal plane (Table 7).

Noticeable differences between 18 non-
fractured and 6 fractured proximal
sesamoid bones were found in three
variables. Racehorses with fractures more
often showed a higher density where bones
face each other at 5 mm (p=0.038) and
racehorses with fractures more often
showed a lower density where bones faced
each other at 15 mm (p=0.001) (Table 8).

In the comparison of the proximal
sesamoid bones of the left and right limb
no significant differences were found. In
the control group of non-racehorses, at 20
mm the medial proximal sesamoid bone
shows more often a denser area at the
medial side compared to the lateral
proximal sesamoid bone (p=0.023). Non-
racehorses more often showed a denser
area at the medial side of the medial
proximal sesamoid bone compared to the
lateral proximal sesamoid bone (p=0.001),
while the lateral proximal sesamoid bone
more often showed a denser area at the
lateral side (p=0.030). Within the control
group of racehorses and the group of
fractured limbs, no significant differences
between the medial and lateral proximal
sesamoid bones were present.
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Level of the
scan
Variable

Denser area at the medial

side (N=36)

Denser area at the lateral
side

Denser area at the medial
sagittal groove

Less dense homogenous area
in the middle of the third
metacarpal bone

Denser area at the lateral
sagittal groove

Less dense area at the top of
the sagittal ridge

Denser area at the top of the
sagittal ridge

Bridge of less density from
the less dense area at the
medial sagittal groove to the
medial side

Bridge of less density from
the less dense area at the
lateral sagittal groove to the
lateral side

5 mm

P =0.008

(8/12 present
in racehorses,
0/12 in
racehorses)

P =0.000 (5/12
present in
racehorses,0/12
in racehorses)
P =0.001
(8/24 present
in non-
racehorses,
0/12 in
racehorses)
P=0.333
(24/24 present
in non-
racehorses,
4/12 present in
racehorses)

P =0.000
(4/24 present
in non-
racehorses,
0/12 in
racehorses)
P=0.000
(7124 present
in non-
racehorses,
0/12 in
racehorses)
P=0.000
(17/24 present
in non-
racehorses,
0/12 in
racehorses)
P=0.031

(3/12 present
in racehorses,
0/24 in non-
racehorses)
P=0.002

(5/12 present
in racehorses,
0/24 present in
non-
racehorses)

10 mm

A constant (all
present)

A constant (all
present)

P=0.079
(18/24 present in
non-racehorses,

12/12 in racehorses)

P=0.098
(23/24 present in
non-racehorses,

9/12 in racehorses)

P=0.016

(15/24 present in
non-racehorses,

12/12 present in
racehorses)

P=0.219

(16/24 present in
non-racehorses,

11/12 present in
racehorses)

P=0.115
(9/24 present in
non-racehorses,

1/12 in racehorses)

P=0.020

(4124 present in
non-racehorses,
7/12 present in
racehorses)
P=0.158

(9/24 present in
non-racehorses,
8/12 present in
racehorses)

15 mm

A constant (all

present)

A constant (all
present)

P=0.536

(21/24. present
in non-
racehorses, 0/12
in racehorses)

P=0.000

(24724 present
in non-
racehorses, 4/12
in racehorses)

P=1.000

(1/24 present in
non-racehorses,
12/12 present in
racehorses)

P=1.000

24/24 present in
non-racehorses,
11/12 present in
racehorses)

P=0.646

(4/20 present in
non-racehorses,
1/12 in
racehorses)

P=0.029

(8/12 present in
racehorses, 6/24
in non-
racehorses)
P=0.003

(9/12 present in
racehorses, 5/24
present in non-
racehorses)

20 mm

A constant (all

present)

A constant (all
present)

A constant (all
present)

P=0.000

24/24 present in
non-racehorses,
5/12 in
racehorses

P=1.000

(2/24 present in
non-racehorses,
12/12 present in
racehorses)

P=1.000

(22/24 present in
non-racehorses,
11/12in
racehorses)

P=0.253

(2/24 present in
non-racehorses,
2/12in
racehorses)

P=1.000

(7112 present in
racehorses, 13/24
in non-
racehorses)
P=0.081

(8/12 present in
racehorses, 8/24
in non-
racehorses)

25 mm

A constant (all

present)

P=0.333
(11/12 present in
racehorses)

P=1.000

(21/24 present in
non-racehorses,

11/12 present in
racehorses)

P=0.031

(24/24 present in
non-racehorses,
9/12 in racehorses)

P=0.536

(21/24 present in
non-racehorses,
12/12 in
racehorses)

P=0.247

(19/24 present in
non-racehorses,
7/12 in racehorses)

P=0.247

19/24 present in
non-racehorses,
7/12 in racehorses)

P=1.000

(9/12 present in
racehorses, 19/24
in non-racehorses)

P=0.289

(8/12 present in
racehorses, 10/24
in non-racehorses)

Table 4 P-values of the different variables of the third metacarpal bone (N=36). Comparison between racehorses
(N=24) and non-racehorses (N=12). This table shows that racehorses had significantly more often a dense area at the
medial and lateral sagittal groove and a bridge from the lateral and medial sagittal groove to the resp. medial and
lateral side in the third metacarpal bone. This table further shows that non-racehorses had significantly more often a
denser area at the medial and lateral side and a less dense homogenous area in the middle of the third metacarpal

bone.
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Level of the scan 5 mm
Variable

Less dense in the middle of the
proximal side

Less dense area at the
lateroproximal side

Less dense area in the middle of the
dorsal side

Less dense area at the mediodorsal
side

Less dense area at the laterodorsal
side

Homogenous less dense area in the
middle of the bone

P=0.000

(22/24 present in
nonracehorses, 6/17 in
racehorses)

P=0.033

(18/24 present in
nonracehorses, 17/17
present in racehorses)
P=0.005

(18/24 present in
nonracehorses, 5/17 in
racehorses)

P=0.065

(19/24 present in non-
racehorses, 17/17 present
in racehorses)

P=1.000

(23/24 present in
nonracehorses, 17/17
present in racehorses)
A constant (not present)

10 mm

P=0.024

(24/24 present in
non-racehorses,
13/17 in racehorses)
P=0.152

(16/24 present in
nonracehorses,
15/17 in racehorses)
P=0.001

(23/24 present in
nonracehorses, 8/17
in racehorses)
P=0.028

(9/15 present in
nonracehorses,

1/17 present in
racehorses)
P=0.001

(19/24 present in
nonracehorses, 4/17
present in racehorses
P=0.065

(5/24 present in non-
racehorses, 0/17
present in
racehorses)

15 mm

P=0.008

(24/24 present in non-
racehorses, 5/17 in
racehorses)

P=0.502

(22/24 present in non-
racehorses, 17/17 in
racehorses)

P=0.358

(15/24 present in non-
racehorses,8/17 in
racehorses)

A constant (not
present)

P=1.000

(/24 present in
nonracehorses, 0/17
present in racehorses)
P=0.001

(24/24 present in non-
racehorses, 10/17
present in racehorses)

20 mm

P=0.064

(24/24 present in non-
racehorses, 14/17 in
racehorses)

A constant (all present)

A constant (all present)

P=0.003

(0/24 present in
nonracehorses, 11/17
present in racehorses)

P=0.024

(0/24 present in
nonracehorses, 4/17
present in racehorses)
P=0.003

(24/24 present in non-
racehorses, 11/17 present
in racehorses)

Table 5 P-values of the different variables of the proximal phalanx bone. Comparison of racehorses (N=17) vs non-
racehorses. (N=24) This table shows that racehorses had significantly more often a less dense area at the
lateroproximal side and non-racehorses had significantly more often a less dense area in the middle of the proximal
articular surface and dorsal side and a homogeneous less dense area in the middle of the proximal phalanx.

Level of the scan 5 mm
Variable

Less dense area in the middle of the
dorsal side

Less dense area at the mediodorsal
side

Less dense area at the laterodorsal
side

Homogenous less dense area in the
middle of the bone

P=0.010

(4/5 present in racehorses
without fractures, 1/12 in
racehorses with fractures)

A constant (all present)

A constant (all present)

A constant (not present)

10 mm

P=0.131

(4/5 present in
racehorses without
fractures, 4/12 in
racehorses with
fractures)

P=1.000

(0/5 present in
racehorses without
fractures, 1/12
present in racehorses
with fractures)
P=0.538

(2/5 present in
racehorses without
fractures, 2/12
present in racehorses
with fractures)

A constant (not
present)

15 mm

P=0.009

(5/5 present in
racehorses without
fractures, 3/12 present
in racehorses with
fractures)

A constant (not
present)

A constant (not
present)

P=0.044

(5/5 present in
racehorses without
fractures, 5/12 present
in racehorses with
fractures)

20 mm

P=0.261

(0/5 present in racehorses
without fractures, 4/8
present in racehorses
with fractures)

P=0.001

(5/5 present in racehorses
without fractures, 1/12
present in racehorses
with fractures)

P=0.053

(3/5 present in racehorses
without fractures, 1/12
present in racehorses
with fractures)

P=0.102

(5/5 present in racehorses
without fractures, 6/12
present in racehorses
with fractures)

Table 6 P-values of the different variables of the proximal phalanx. Comparison between racehorses without
fractures (N=5) and racehorses with fractures (N=12). This table shows that non- fractured limbs had significantly
more often a less dense area in the middle of the dorsal and mediodorsal side and a homogenous less dense area in the
middle of the proximal phalanx bone.
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evel of the scan
Variable

Denser area at the medial
side

Denser area at the lateral
side

Denser area at the palmar
side
(Transverse plane)

Less density line from the
proximal side to the
distopalmar side
(Transverse plane)

Lower density where bones
facing each other

Higher density where bones
facing each other

Higher density at the bottom
of the bone

5 mm

(44148
present in
non-
racehorses,
23/24 present
in racehorses)
P=0.479
(40/48
present in
non-
racehorses,
22/24 present
in racehorses)
P=0.023
(31/48
present in
non-
racehorses,
8/24 present
in racehorses)
P=0.034
(48/48
present in
non-
racehorses,
21/24 present
in racehorses)
P=0.000
(44148
present in
non-
racehorses,
23/24 present
in racehorses)
P=0.659
(0/48 present
in non-
racehorses,
7/24 present
in racehorses)
P=0.001
(40/48
present in
non-
racehorses,
10/24 present
in racehorses)

(45/48 present in
non-racehorses,

23/24 present in
racehorses)

P=1.000

(47/48 present in
non-racehorses,

24/24 present in
racehorses)

P=0.087

(7/48 present in
nonracehorses,
0/24 present in
racehorses)

P=0.333

(48/48 present in
non-racehorses,

23/24 present in
racehorses)

P=0.010

(40/48 present in
non-racehorses,
4/24 present in
racehorses)

P=0.000

(10/48 present in
non-racehorses,

22/24 present in
racehorses)

P=0.063

(29/48 present in
nonracehorses,
20/24 present in
racehorses)

(45/48 present in
non-racehorses,

23/24 present in
racehorses)

P=1.000

(47/48 present in
non-racehorses,

24/24 present in
racehorses)

P=0.087

(7/48 present in
nonracehorses,

0/24 present in

racehorses)

P=0.333

(48/48 present in
non-racehorses,

23/24 present in
racehorses)

P=0.019

(22/48 present in
nonracehorses,
4/24 present in
racehorses)

P=0.000

(17/48 present in
non-racehorses,

22/24 present in
racehorses)

P=0.006

(19/48 present in
nonracehorses,
18/24 present in
racehorses)

(39/48 present in
nonracehorses,
22/24 present in
racehorses)

P=0.169

(42/48 present in
non-racehorses,

24/24 present in
racehorses)

P=0.659

(4/48 present in
nonracehorses,
1/24 present in
racehorses)

P=0.333

(48/48 present in
non-racehorses,

23/24 present in
racehorses)

P=0.040

(33/48 present in
nonracehorses,
22/24 present in
racehorses)

P=0.001

(32/48 present in
non-racehorses,

24/24 present in

racehorses)

P=1.000

(2/48 present in
non-racehorses,
0/24 present in
racehorses)

P=0.019

(26/48 present in
non-racehorses,

11/24 present in

racehorses)

Table 7 P-values of the different variables of the proximal sesamoid bones. Comparison between racehorses (48
proximal sesamoid bones) and non-racehorses (24 proximal sesamoid bones). This table shows that racehorses had
significantly more often a denser area at the medial and lateral side and a higher density where the bones where
facing each other. It also shows that non-racehorses had significantly more often a denser area at the palmar side and
a lower density where the proximal sesamoid bones are facing each other in the proximal sesamoid bones. A higher
density at the bottom of the bone is more present in non-racehorses at 5 mm and in racehorses at 15 mm.
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Level of the scan 5 mm
Variable

Lower density at the top of the = P=0.251

bone (16/18 present in
racehorses without
fractures, 4/6 present in
racehorses with fractures)

Lower density where bones P=1.000

facing each other (17/18 present in

racehorses without
fractures, 6/6 present in
racehorses with fractures.

Higher density where bones P=0.038
facing each other (3/18 present in

racehorses without
fractures, 4/6 present in
racehorses with fractures

10 mm 15 mm

P=0.054 P=0.250

(18/18 present in racehorses (18/18 present in
without fractures, 4/6 present in racehorses without
racehorses with fractures) fractures, 5/6 present in

racehorses with fractures)

P=0.251 P=0.001

(2/18 present in racehorses (0/18 present in racehorses

without fractures, 2/6 present in without fractures, 4/6

racehorses with fractures) present in racehorses with
fractures)

P=1.000 P=0.054

(16/18 present in racehorses (18/18 present in

without fractures, 6/6 present in racehorses without

racehorses with fractures) fractures, 2/6 present in

racehorses with fractures)

Table 8 P-values of the different variables of the proximal sesamoid bones. Comparison between
racehorses without fractures (N=18) and racehorses with fractures (N=6). The table shows that
racehorses with fractures had significantly more often a lower density where the bones are facing each

other at 15 mm and a higher density at 5mm.

Discussion

If prior pathological changes of fractures
could be recognized, we could make a big
step to prevent bones from being fractured.
This study found differences in bone
density Dbetween non-racehorses and
racehorses 1) at the medial and lateral side,
the medial and lateral sagittal groove, in
the middle of the bone, at the top of the
sagittal ridge and in the area of the medial
and lateral sagittal groove to the medial
and lateral side of the third metacarpal
bone, 2) at the middle of the proximal side,
the lateroproximal side, the middle of the
dorsal side, the mediodorsal and
laterodorsal side and in the middle of the
proximal phalanx bone and 3) at the
medial, lateral and palmar side, from the
proximal side to the distopalmar side, the
area where the bones are facing each other
and at the bottom of the proximal
sesamoid bones. This paper also shows
differences between non-fractured and
fractured limbs 1) at the dorsal side, the
medio- and laterodorsal side and in the
middle of the proximal phalanx bone, 2) at
the top of the bone and 3) at the place
where the bones face each other of the
proximal sesamoid bones.

Comparison results with literature data

Third metacarpal bone

This research showed a denser area at the
medial and lateral side of the third
metacarpal bone in non-racehorses at 5
mm, deeper in the bone there was no
significant difference and this area was
present in non-racehorses and racehorses.
To the author’s knowledge, no previous
studies were performed regarding the bone
density on this specific area in the third
metacarpal bone of horses so these results
cannot be compared with other results. A
suggestion for the cause of the higher
density at this area through the bone may
be that the interosseous muscle
experiences large strains(22) and that this
structure exerts forces on the medial and
lateral side of the third metacarpal bone,
which can cause changes in bone density.

The differences at the medial and lateral
sagittal groove between the non-racehorses
and racehorses in the third metacarpal
bone were similar to those reported in
previous  studies. (4,5,12,22,26) A
suggestion for the cause of the higher
density in the palmar regions of the
condyle in racehorses is the articulation of
the condyles with the proximal sesamoid
bones which is subject to considerable
forces in the stance phase of the gallop.
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This could cause adaptive responses of the
bone, resulting in a higher bone density.
(4,10)

In this paper, thoroughbred racehorses had
a less dense area at the top of the sagittal
ridge compared to non-racehorses. A study
by Riggs et al. (1999)(10)also found a
zone of low density bone at the sagittal
ridge and suggests that the contact
between the sagittal ridge and the
intersesamoidean ligament could be the
reason that there is less stress on the
sagittal ridge. (10) The fact that the
intersesamoidean ligament is less strong
and thick in non-racehorses compared to
racehorses might cause it to be a less
effective shock breaker.

To the author’s knowledge, research
regarding the bone density in the middle of
the third metacarpal has never been
performed before. According to the
present study non-racehorses more often
had a less dense, homogenous area in the
middle of the third metacarpal compared
to racehorses. Racehorses more often had a
heterogeneous area in the middle of the
bone, which may be explained by the
adaptive response of bone to training. A
combination of bone resorption, as a result
of microcracks, and bone adaptation as a
result of exercise may be a reason for
heterogeneity in the third metacarpal bone.
(19)

A bridge of higher density from the denser
area at the medial sagittal groove to the
medial side and a bridge of higher density
from the denser area at the lateral sagittal
groove to the lateral side were more
present in racehorses compared to non-
racehorses. No previous studies were
performed earlier on this specific area. The
bridge may be explained by the external
forces of the proximal sesamoid bones and
the interosseous tendon, which make the
bone adaptive to the exercise.

Proximal phalanx

Non-racehorses more often had a less
dense area in the middle of the proximal
phalanx. These results are similar to those
reported in a previous study, where a
higher bone density was found in the
central and palmar sagittal groove of
racehorses compared to non-
racehorses.(17) The present study found
that the dorsal side of the proximal
phalanx had a higher density as well;
suggesting that that the whole sagittal
groove of the proximal phalanx endures a
higher load during races. Although the
research of Noble et al. (2016) found that
the lateral and sagittal ridge of the sagittal
groove is less dense compared to the
middle of the sagittal groove, the current
study more often found a less dense area at
the lateroproximal, the laterodorsal and
mediodorsal side of the proximal phalanx
of racehorses. It is worth noting that non-
racehorses more often had a less dense
area at the mediodorsal side at 10 mm and
at 20 mm at the laterodorsal side.

A similar result was shown in the proximal
phalanx as in the third metacarpal bone.
Non-racehorses more often had a less
dense area in the middle of the bone
compared to racehorses, which can be
explained by the adaptation to exercise of
the racehorses. (17)

Fractured vs. non-fractured

Racehorses with fractures less often show
a less dense area in the middle of the
dorsal side, the mediodorsal side and the
laterodorsal side. The fractures occur
mostly in the sagittal plane at the proximal
sagittal groove. (15,16) A higher bone
density could make the bone stiffer
(2,10,11) and in combination with the
compressive and torsional forces (17,18)
on the proximal phalanx, this might make
this area in the proximal phalanx prone to
fractures.

This paper shows that racehorses without
fractures more often have a less dense area
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in the middle of the bone compared to
racehorses with fractures. The sagittal
groove of the proximal phalanx adapts to
exercise (16), which could cause a higher
bone density but at the same time
microcracks may activate bone resorption.
This results in more heterogeneity in the
bone. In the early phase of remodeling and
removing damaged tissue this bone
resorption predominates, but at the same
time compressive and torsional forces
continue to work on the bone. This could
result in the bone fracturing.

Proximal sesamoid bones

This study found a denser area at the
medial side of the medial proximal
sesamoid bone and a denser area at the
lateral side of the lateral proximal
sesamoid bone in non-racehorses. The
abaxial location of the thick branch of the
interosseous (30) might be the reason for a
denser area on the medial and lateral side
of the medial and lateral proximal
sesamoid bone, respectively. Racehorses
more often show a denser area at the
medial and lateral side, which might be
explained by the effect of the thick branch
of the interosseous on the bone.

A result of this study is a denser area at the
palmar side in non-racehorses compared to
racehorses. The flexor tendons face the
palmar side of the bone (30) which might
play a role in the denser area at this side.

This paper shows a lower density at the
site. where the bones face each other in
non-racehorses and a higher density in
racehorses. During hyperextension of the
fetlock the proximal sesamoid bones slide
below the condyle at the sides of the
sagittal ridge and the palmar ligament
extends its bearing surface to reduce the
effect of the flexor tendons on this
movement. (20-22) This study suggests
that this mechanism apparently does not
work as well anymore in racehorses, which
might trigger a higher resistance during
this movement. This higher resistance

causes an adaptive response of the bone
which results in a higher bone density.

Fractured vs non- fractured

Apical fractures are the most common
fractures in the proximal sesamoid
bones.(5) This research shows that
racehorses without fractures more often
have a lower density at the top of the bone
compared to racehorses with fractures. The
relative less dense top suggests that
adapted bone at the top of the bone might
be a cause of fractures in proximal
sesamoid bones, but in this study only
midbody fractures were included. With
this knowledge, the transition of the denser
top to the less dense midbody might be
related to fractures in the proximal
sesamoid bone.

When comparing the surface where the
bones face each other between racehorses
without fractures and racehorses with
fractures, this paper found a higher density
in racehorses without fractures and a lower
density in racehorses with fractures. The
reason for this might be an adaptive
response to exercise in the bones without
fractures, which makes the bones stronger.
The fractured bones still have a lower
density and might be more prone to
fractures.

Limitation of the study

The control group in this research included
24 Clinical CT scans of quarter horses
from New Market Equine Hospital in the
UK. When comparing these with Clinical
CT scans of 22 thoroughbred racehorses
from the Veterinary Teaching Hospital, a
lot of differences between those two
groups could be noted. First, the clinical
CTs are different and could not be
converted to the same standards, for
example the same color scale. Another
reason that the images could not be
compared one-to-one is the difference in
general bone density between non-
racehorses and  racehorses,  where
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racehorses in general have a higher
density. A possibility to avoid this is to use
a calibration phantom with a bubble filled
with  water, a piece of bovine
hydroxyapatite, and a defect filled with air
during the CT scans. This can help to
determine the different Hounsfield Unit
values for water, bone and air and makes
comparison easier. In the current study it
has been attempted to make the color scale
as clear as possible, to make the bone
density patterns visible in the best possible
way. But still, there will always be
differences in color scale, precluding an
objective, quantitative comparison.

In this study, the control group is from the
United States of America and the
experimental group from the United
Kingdom. This is relevant, because a study
of Jacklin and Wright (2012) showed
differences in third metacarpal fractures
between racehorses in the United Kingdom
and the United States. (22) A further
limitation is that differences between non-
racehorses and racehorses have been
described without background information
regarding age, sex and training intensity of
the animals. This could influence the
results and the differences in bone density
between the different groups. A study by
Loughridge et al. (2016)(12) showed that
age had no significant effect on bone
density. However, sex does appear to have
a significant effect. Another study (5)
showed no effect of age, length of career
or number of career starts in UK
racehorses.

Because the number of horses is low in
this investigation, especially in the
racehorses with fractures, already a small
change in outcome causes a change in the
p-value. To the author’s knowledge, many
of the areas which were compared in this
study have not been compared before. This

makes comparison with earlier studies of
larger size impossible.

In this research, only the author has
analyzed the different variables in the CT
images, which may have introduced a bias.
Randomization of the different CT images
was impossible, because the fracture is
visible in the image. This could have
influenced the author when giving value to
the different variables.

In this research there were no significant
differences between the left and right
forelimb in the control group. Previous
studies have identified differences in the
prevalence of lateral condylar fracture in
left and right forelimbs. Furthermore,
certain studies have reported more
fractures occurring on the left forelimb,
(9,31,32) while other studies reported
more fractures occurring on the right
forelimb(24,33) Because this information
was unknown for the fractured limbs used
in this paper, a comparison with other
research was impossible.
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Conclusion and Clinical

Relevance

There was a significant difference in bone
mineral density of the articular surface
between the fractured and non-fractured
limb and the non-racehorses and

racehorses in this paper. This paper is
hence a first step towards finding a way to
recognize bone density patterns to prevent
fractures in the metacarpophalangeal joint.
However, due to the limitations of this
study more research regarding this subject
remains necessary.

20



References

(1) Sarrafian TL, Case JT, Kinde H, Daft
BM, Read DH, Moore JD, et al. Fatal
musculoskeletal injuries of Quarter Horse
racehorses: 314 cases (1990-2007). J Am
Vet Med Assoc 2012;241(7):935-942.

(2) Ely ER, Avella CS, Price JS, Smith
RKW, Wood JLN, Verheyen KLP.
Descriptive epidemiology of fracture,
tendon and suspensory ligament injuries in
National Hunt racehorses in training.
Equine Vet J 2009;41(4):372-378.

(3) Jacklin BD, Wright IM. Frequency
distributions of 174 fractures of the distal
condyles of the third metacarpal and
metatarsal bones in 167 Thoroughbred
racehorses (1999-2009). Equine Vet J
2012;44(6):707-713.

(4) Rubio-Martinez LM, Cruz AM, Gordon
K, Hurtig MB. Structural characterization
of subchondral bone in the distal aspect of
third metacarpal bones from Thoroughbred
racehorses via micro-computed
tomography. Am J Vet Res
2008;69(11):1413-1422.

(5) Parkin TDH, Clegg PD, French NP,
Proudman CJ, Riggs CM, Singer ER, et al.
Catastrophic fracture of the lateral condyle
of the third metacarpus/metatarsus in UK
racehorses - Fracture descriptions and pre-
existing pathology. Vet J 2006;171(1):157-
165.

(6) Dyce, Keith M., Sack, Wolfgang O.,
Wensing,Cornelis  Johannes Gerardus.,.
Chapter 23: The Forelimb of the Horse.
Textbook of veterinary anatomy. 4th ed.
St. Louis, Mo.: Saunders Elsevier; 2010. p.
600-605.

(7) Radtke CL, Danova NA, Scollay MC,
Santschi EM, Markel MD, Da Costa
Gomez T, et al. Macroscopic changes in
the distal ends of the third metacarpal and
metatarsal bones of  Thoroughbred

racehorses with condylar fractures. Am J
Vet Res 2003;64(9):1110-1116.

(8) Johnson BJ, Stover SM, Daft BM,
Kinde H, Read DH, Barr BC, et al. Causes
of death in racehorses over a 2 year period.
Equine Vet J 1994;26(4):327-330.

(9) Rick MC, OBrien TR, Pool RR,
Meagher D. Condylar fractures of the third
metacarpal bone and third metatarsal bone
in 75 horses: radiographic features,
treatments, and outcome. J Am Vet Med
Assoc 1983;183(3):287-296.

(10) Riggs CM, Whitehouse GH, Boyde A.
Structural variation of the distal condyles
of the third metacarpal and third metatarsal
bones in the horse. Equine Vet J
1999;31(2):130-139.

(11) Boyde A. The real response of bone to
exercise. J Anat 2003;203(2):173-189.

(12) Loughridge AB, Hess AM, Parkin
TD, Kawcak CE. Qualitative assessment of
bone density at the distal articulating
surface of the third metacarpal in
Thoroughbred racehorses with and without
condylar fracture. Equine Vet J 2016.

(13) Muir P, Peterson AL, Sample SJ,
Scollay MC, Markel MD, Kalscheur VL.
Exercise-induced metacarpophalangeal
joint adaptation in the Thoroughbred
racehorse. J Anat 2008;213(6):706-717.

(14) Boyde A, Haroon Y, Jones SJ, Riggs
CM. Three dimensional structure of the
distal condyles of the third metacarpal
bone of the horse. Equine Vet J
1999;31(2):122-129.

(15) Murray RC, Vedi S, Birch HL,
Lakhani KH, Goodship AE. Subchondral
bone thickness, hardness and remodelling
are influenced by short-term exercise in a
site-specific manner. Journal of
Orthopaedic Research 2001;19(6):1035-
1042.

24



(16) Stover SM. The epidemiology of
thoroughbred racehorse injuries. Clin Tech
Equine Pract 2003;2(4):312-322.

(17) Noble P, Singer ER, Jeffery NS. Does
subchondral bone of the equine proximal
phalanx adapt to race training? J Anat
2016;229:104-113.

(18) Firth EC, Rogers CW.
Musculoskeletal responses of 2-year-old
Thoroughbred horses to early training. 7.
Bone and articular cartilage response in the
carpus. New Zealand Vet J
2005;53(2):113-122.

(19) Firth EC, Rogers Cw.
Musculoskeletal responses of 2-year-old
Thoroughbred horses to early training.
Conclusions. New Zealand Vet J
2005;53(6):377-383.

(20) Denoix J. The equine distal limb :
atlas of clinical anatomy and comparative
imaging. Dissection 2: Fetlock area-
Medial Aspect. 1st ed. London: Manson
Pub./Veterinary Press; 2000. p. 247.

(21) Frandson, R. D., Wilke, W. Lee.,
Fails,Anna Dee.,. The Equine Foot and
Passive Stay Apparatus. Anatomy and
physiology of farm animals. 7th ed. Ames,
lowa: Wiley-Blackwell; 2009. p. 245.

(22) Anthenill, Lucy A., Stover, Susan M.,
Gardner, lan A., Hill,Ashley E. Risk
factors for proximal sesamoid bone
fractures associated with exercise history
and horseshoe characteristics in
Thoroughbred  racehorses. ~ American
Journal of Veterinary Research American
Journal of Veterinary Research
2007;68(7):760-771.

(23) Bukowiecki CF, Bramlage LR, Gabel
AA. In Vitro Strength of the Suspensory
Apparatus in Training and Resting Horses.
Vet Surgery  Veterinary Surgery
1987;16(2):126-130.

(24) Anthenill LA, Gardner IA, Pool RR,
Garcia TC, Stover SM. Comparison of
macrostructural and microstructural bone
features in Thoroughbred racehorses with
and without midbody fracture of the
proximal sesamoid bone. Am J Vet Res
2010;71(7):755-765.

(25) Young DR, Nunamaker DM,Markel
MD,. Quantitative evaluation of the
remodeling response of the proximal
sesamoid bones to training-related stimuli
in  Thoroughbreds. Am J Vet Res
1991;52(8):1350-6.

(26) Boyde A, Firth EC. Musculoskeletal
responses of 2-year-old Thoroughbred
horses to early training. 8. Quantitative
back-scattered electron scanning electron
microscopy and confocal fluorescence
microscopy of the epiphysis of the third
metacarpal bone. New Zealand Vet J
2005;53(2):123-132.

(27) Zachary, James F.,
McGavin,M.Donald.,. Chapter 16 Bones,
Joints,  Tendons, and Ligaments.
Pathologic basis of veterinary disease. 5th
ed. St.Louis, Mo.: Elsevier; 2012. p. 937.

(28) Siegel MJ. Chapter 1: Practical CT
techniques. Pediatric body CT. 2nd ed.
Philadelphia: Wolters Kluwer
Health/Lippincott Williams & Wilkins;
2008. p. 9.

(29) Beccati F, Gialletti R, Giontella A,
Davanzo S, Di Meo A, Pepe M.
Morphologic radiographic study of the
proximal sesamoid bones of the forelimb
in thoroughbred racehorses in training. J
Vet Med Ser C Anat Histol Embryol
2014,43(5):403-407.

(30) Carnicer D, Coudry V, Denoix J-.
Ultrasonographic  examination of the
palmar aspect of the pastern of the horse:
Sesamoidean ligaments. Equine Vet Educ
2013;25(5):256-263.

25



(31) Bassage Il LH, Richardson DW.
Longitudinal fractures of the condyles of
the third metacarpal and metatarsal bones
in racehorses: 224 cases (1986-1995). J
Am Vet Med Assoc 1998;212(11):1757-
1764.

(32) Ellis DR. Sir Frederick Hobday
Memorial Lecture. Some observations on
condylar fractures of the third metacarpus
and third  metatarsus in  young
thoroughbreds. Equine Vet J
1994;26(3):178-183.

(33) Zekas LJ, Bramlage LR, Embertson
RM, Hance SR. Results of treatment of
145 fractures of the third
metacarpal/metatarsal condyles in 135
horses (1986-1994). Equine Vet J
1999;31(4):309-313.

26



Attachments

*0

*N

*M

*L

*K

*)

*1

*H

*G

*F

*E

*D

*C

*B

*A

Limb
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right
Left

Right

unknown

unknown

unknown

unknown

unknown

unknown

unknown

unknown

unknown

unknown

unknown

unknown

Horse

10
10
14
14
16
16
17
17

Khotan

Lockwood
Modun

Stoute Seraphina

Amber Isle
Harjas

Johnston Stir

Magic Mystery

Sadaara

Titled Lady
Altruism

Chaparachick

27



R R EER R
* 2 2
o <)
c =
e =4
c c
S S
PR EEEER R R R R E
* 2 2
o [e)
c c
e a4
c c
S S
HEEEEEEEEHEEEEEEEEEEEEEEHEEEEEEEEEEHEEEE
* 2 2
o (o)
c c
e a4
c c
S S
wﬂ_lllllllllnllllllllllllllllllllllnlll
2 3
o )
c c
v 4
c =
S =
[ |o[o|oo—| oo ——|—|o|o|olo|o|olo[olo— oo« |||
*
REEEEEEEEEEEEEEEEEE EEEE EEEEEEEEEEEEEEE
AEEEEEEEEEEEEEEEEEEEEEEEEEEEE R EEEE
T|o|o|olo|lo|olol[—|o|lo|lolololol—|ol—| o~ —|olo|—|o|o|=|ololo|—|o|o|olo]o
*
Rl EEEEREEEEREEEEEREEEREEEEE EEREEEEEEREEEEREEEEREEEIEREEREEREEREEE
*
w—m-lOOOOl1111101110100111111111110111111
w—ﬂ.r_111111111101111111111111111111100110
R EIEEE R EEEEE G EE EEI EEIREE E E E R E G E R E R E G
*
Q||| | A | d][ ]| H]|O|O| | dA| | dA| A H|O|O|O|O| || ||| || | ]| ]| | || ]| |
*
MR I I I I N s
*
N R I I s
*
clclelcelelclelelel el el
22 22222223322
S|l =le|llel=|<|SlSIEIEISISIEISIEIEIE|E
o It B e ) I et o et o I et B A B S S A S S Y e E E E E EHE R E EEE
S|la|l|d|lc|d|lc|dlc|d|lc|d|lc|d|lc|dlec|dlec|a|lc|a|l | S|l x2| 5| 5| 5] 5| 5] 5 5] 5 5] 5 5] 5
©
£ -
s =g %
Clo R > -2
S
- ol || |B| |5
S wni= S| oS8 E|l®
c| 9l €| ol = S = 5| =
) ol 2| 3| =l glele o583
) 2zl 5|2l c|w ol o] 2 S
5 I IEIREIE R EE T E E R
-
o 00446677hoMt aoMaiIh
ITld|dHnN|janNjn|g || D||O|O|IN|INO|O|dA|dA|d|d|d|d|dH|H| XSO n| < I | = VnlE| o

28



Table 3: Data of the variables of the Third metacarpal bones at 20 mm transverse plane. A 1 means that the variable is present, an 0 that the variable is absent.

Horse Limb *A *B *C *D *E *F *G *H *| *) *K *L *M *N *0
1 Left 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
1 Right 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
2 Left 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
2 Right 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
3 Left 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
3 Right 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
4 Left 1 1 1 1 1 1 0 0 0 1 0| unknown| unknown| unknown| unknown
4 Right 1 1 1 1 1 0 1 0 0 1 1| unknown| unknown| unknown| unknown
5 Left 1 1 1 1 1 1 0 0 0 1 1| unknown| unknown| unknown| unknown
5 Right 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
6 Left 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
6 Right 1 1 1 1 1 1 0 0 0 1 1| unknown| unknown| unknown| unknown
7 Left 1 1 1 1 1 1 0 0 0 1 1| unknown| unknown| unknown| unknown
7 Right 1 1 1 0 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
9 Left 1 1 1 1 1 1 0 0 0 1 0| unknown| unknown| unknown| unknown
9 Right 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
10 Left 1 1 1 1 1 1 0 1 0 1 1| unknown| unknown| unknown| unknown
10 Right 1 1 1 1 1 1 0 1 1 1 0| unknown| unknown| unknown| unknown
14 Left 1 1 1 1 1 1 0 0 0 0 0| unknown| unknown| unknown| unknown
14 Right 1 1 1 1 1 0 0 0 0 1 1| unknown| unknown| unknown| unknown
16 Left 1 1 1 1 1 1 0 1 0 1 0| unknown| unknown| unknown| unknown
16 Right 1 1 1 1 1 1 0 0 0 1 0| unknown| unknown| unknown| unknown
17 Left 1 1 1 1 1 1 0 1 0 1 1| unknown| unknown| unknown| unknown
17 Right 1 1 1 1 1 1 0 1 0 1 1| unknown| unknown| unknown| unknown
Khotan unknown 1 1 1 1 0 1 0 0 0 1 1| unknown| unknown| unknown| unknown
Lockwood unknown 1 1 1 1 0 0 1 0 0 1 1| unknown| unknown| unknown| unknown
Modun unknown 1 1 1 1 0 1 0 0 0 1 0| unknown| unknown| unknown| unknown
Stoute Seraphina unknown 1 1 1 1 1 1 1 0 0 0 0| unknown| unknown| unknown| unknown
Amber Isle unknown 1 1 1 1 1 1 0 0 0 1 1| unknown| unknown| unknown| unknown
Harjas unknown 1 1 1 1 0 1 0 0 0 1 1| unknown| unknown| unknown| unknown
Johnston Stir unknown 1 1 1 1 0 1 0 1 1 0 1| unknown| unknown| unknown| unknown
Magic Mystery unknown 1 1 1 1 1 1 0 0 0 0 1| unknown| unknown| unknown| unknown
Sadaara unknown 1 1 1 1 0 1 0 1 0 1 0| unknown| unknown| unknown| unknown
Titled Lady unknown 1 1 1 1 0 1 0 0 0 0 0| unknown| unknown| unknown| unknown
Altruism unknown 1 1 1 1 1 1 0 0 0 1 1| unknown| unknown| unknown| unknown
Chaparachick unknown 1 1 1 1 1 1 0 0 0 0 1| unknown| unknown| unknown| unknown
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Legend table 1to 5

*A = Denser area at the medial side

*B = Denser area at the lateral side

*C = Denser area at the medial sagittal groove

*D = Denser area at the lateral sagittal groove

*E = Less dense, homogenous area in the middle of MC3

*F = Less dense area at the top of the sagittal ridge

*G = Denser area at the top of the sagittal ridge

*H = Less dense area at the medial side of the sagittal ridge/ to the medial sagittal groove

*| = Less dense area at the lateral side of the sagittal ridge/ to the lateral sagittal groove

*) = Bridge of less density from the less dense area at the medial sagittal groove to the medial side

*K = Bridge of less density from the less dense area at the lateral sagittal groove to the lateral side

*L = Denser area of the Proximal Phalanx at medial side

*M = Denser area of the proximal Phalanx at the lateral side

*N = Less dense area at the proximal phalanx surrounding the sagittal ridge and groove of MC3 at the medial side
*Q = Less dense area at the proximal phalanx surrounding the sagittal ridge and groove of MC3 at the lateral side
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Horse Limb *A *B *C *D *E *F *G *H *| *)
1 Left 1 1 1 1 1 1 1 0 0 1
1 Right 1 1 1 1 1 1 0 0 0 1
2 Left 1 1 1 1 1 1 0 0 0 1
2 Right 1 1 1 1 1 1 0 0 0 1
3 Left 1 1 1 1 1 1 0 0 0 1
3 Right 1 1 1 1 1 1 0 0 0 1
4 Left 1 1 1 1 1 1 0 0 0 1
4 Right 1 1 1 1 1 1 0 0 0 1
5 Left 1 1 1 1 1 1 0 0 0 1
5 Right 1 1 1 1 1 1 0 0 0 1
6 Left 1 1 1 1 1 1 0 0 0 1
6 Right 1 1 1 1 1 1 0 0 0 1
7 Left 1 1 1 1 1 1 0 0 0 1
7 Right 1 1 1 1 1 1 0 0 0 1
9 Left 1 1 1 1 1 1 0 0 0 1
9 Right 1 1 1 1 1 1 0 0 0 1
10 Left 1 1 1 1 1 1 0 0 0 1
10 Right 1 1 1 1 1 1 0 0 0 1
14 Left 1 1 1 1 1 1 0 0 0 1
14 Right 1 1 1 1 1 1 0 0 0 1
16 Left 1 1 1 1 1 1 0 0 0 1
16 Right 1 1 1 1 1 1 0 0 0 1
17 Left 1 1 1 1 1 1 0 0 0 1
17 Right 1 1 1 1 1 1 0 0 0 1
Altruism unknown 1 1 1 1 1 1 0 1 0 1
Johnston Stir unknown 1 1 1 1 1 1 0 1 0 1
Lockwood unknown 1 1 1 1 1 1 0 1 1 1
Modun unknown 1 1 1 1 1 1 0 1 1 1
Stoute seraphina |unknown 1 1 1 1 1 1 0 1 1 1
Coral Bee unknown 1 1 1 0 1 1 0 0 0 0
Genius Beast unknown 1 1 1 1 1 1 0 0 0 0
Johnston Cosquila [unknown 1 1 1 1 1 1 0 0 0 0
Johnston Jalingo |unknown 1 1 1 0 1 1 1 0 0 0
Khotan unknown 1 1 1 1 1 1 1 0 0 1
Latch on the Blue [unknown 1 1 1 1 1 1 0 0 0 1
Michelton unknown 1 1 1 1 1 1 0 0 0 1
Revolutionist unknown 1 1 1 1 1 1 0 0 0 0
Walter unknown 1 1 1 1 1 1 1 1 1 1
Amber Isle unknown 1 1 1 1 1 1 0 0 0 1
Bergamot Orange |unknown 1 1 1 0 1 1 0 0 0 0
Camlann unknown 1 1 1 1 1 1 1 0 0 1
Legend table 4 to 8

*A = Denser area at the medial side

*B = Denser area at the lateral side

*C = Denser area at the dorsal side

*D = Less dense in the middle of the proximal side
*E = Less dense area at the medioproximal side
*F = Less dense area at the lateroproximal side

*G = Less dense area in the middle of

the dorsal side

*H = Less dense area at the mediadorsal side

*| = Less dense area at the laterodorsal side

*) = Homogenous less dense area in the middle of the bone
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Transverse plane

Horse Limb PSB *A *B *C *D
1 Left medial 1 1 1 1
1 Left lateral 1 1 0 1
1 Right medial 1 1 1 1
1 Right lateral 1 1 0 1
2 Left medial 1 1 1 1
2 Left lateral 1 1 0 1
2 Right medial 1 1 1 1
2 Right lateral 1 1 1 1
3 Left medial 1 1 1 1
3 Left lateral 1 1 0 1
3 Right medial 1 1 1 1
3 Right lateral 1 1 0 1
4 Left medial 1 1 0 1
4 Left lateral 1 1 0 1
4 Right medial 1 1 1 1
4 Right lateral 1 1 0 1
5 Left medial 1 1 0 1
5 Left lateral 1 1 0 1
5 Right medial 1 1 1 1
5 Right lateral 1 1 0 1
6 Left medial 1 1 1 1
6 Left lateral 1 1 1 1
6 Right medial 1 1 1 1
6 Right lateral 1 1 1 1
7 Left medial 1 0 1 1
7 Left lateral 0 1 1 1
7 Right medial 1 0 1 1
7 Right lateral 0 1 1 1
9 Left medial 1 1 1 1
9 Left lateral 1 1 0 1
9 Right medial 1 1 1 1
9 Right lateral 1 1 0 1

10 Left medial 1 0 1 1
10 Left lateral 0 1 1 1
10 Right medial 1 0 0 1
10 Right lateral 1 0 0 1
14 Left medial 1 1 1 1
14 Left lateral 1 1 1 1
14 Right medial 1 1 1 1
14 Right lateral 1 1 1 1
16 Left medial 1 1 1 1
16 Left lateral 1 1 1 1
16 Right medial 1 1 1 1
16 Right lateral 1 1 1 1
17 Left medial 1 0 1 1
17 Left lateral 0 1 0 1
17 Right medial 1 0 1 1
17 Right lateral 1 0 0 1
Altruism unknown [medial 1 1 0 1
Altruism unknown |lateral 1 1 0 1
Amber Isle unknown [medial 1 0 0 1
Amber Isle unknown [lateral 0 1 0 1
Chapparachick unknown [medial 1 1 1 1
Chapparachick unknown [lateral 1 1 1 1
Harjas unknown [medial 1 1 0 0
Harjas unknown [lateral 1 1 0 1
Magic Mystery  [unknown [medial 1 1 0 1
Magic Mystery [unknown [lateral 1 1 0 1
Johnston Stir unknown [medial 1 1 1 1
Johnston Stir unknown |lateral 1 1 1 1
Khotan unknown [medial 1 1 0 1
Khotan unknown [lateral 1 1 0 1
Sadaara unknown [medial 1 1 1 1
Sadaara unknown [lateral 1 1 0 1
Titled Lady unknown |medial 1 1 1 1
Titled Lady unknown [lateral 1 1 0 1
Stoute Seraphina |unknown (lateral 1 1 0 1
Stoute Seraphina [unknown [medial 1 1 1 1
Modun unknown [lateral 1 0 1 1
Modun unknown [medial 1 1 0 1
Lockwood unknown [lateral 1 1 0 0
Lockwood unknown [medial 1 1 0 0




10 Left medial 1 1 0 1 1

10 Left lateral 1 1 0 1 1

10 Right medial 1 1 0 1 1

10 Right lateral 1 1 0 1 1

14 Left medial 1 1 0 1 1
Dorsal plane 14 Left lateral 1 1 0 1 1
Horse Limb PSB *E *F *G *H *| 14 Right medial 1 1 0 1 1
1 Left medial 1 1 0 1 1 14 Right |ateral 1 1 0 1 1
1 Left lateral 1 1 0 1 1 16 Left medial 1 1 0 1 1
1 Right medial 1 1 0 1 1 16 Left lateral 1 1 0 1 1
1 Right lateral 1 1 0 1 1 16 Right medial 1 1 0 1 1
2 Left medial 1 1 0 1 1 16 Right lateral 1 1 0 1 1
2 Left lateral 1 1 0 1 1 17 Left medial 1 1 0 0 1
2 Right medial 1 1 0 1 1 17 Left lateral 1 1 0 0 1
2 Right lateral 1 1 0 1 1 17 Right medial 1 1 0 0 1
3 Left medial 1 1 0 1 0 17 Right lateral 1 1 0 0 1
3 Left lateral 1 1 0 1 0 Altruism unknown |medial 1 1 0 0 0
3 Right medial 1 1 0 1 0 Altruism unknown |lateral 1 0 1 0 0
3 Right lateral 1 1 0 1 1 Amber Isle unknown |medial 1 1 0 1 0
4 Left medial 1 1 0 1 0 Amber Isle unknown [lateral 1 1 0 1 0
4 Left lateral 1 1 0 1 0 Chapparachick unknown |medial 0 1 0 1 1
4 Right medial 1 1 0 1 0 Chapparachick unknown [lateral 0 1 0 1 1
4 Right lateral 1 1 0 1 1 Harjas unknown |medial 1 1 1 0 0
5 Left medial 1 1 0 1 1 Harjas unknown |lateral 1 1 1 0 0
5 Left lateral 1 1 0 1 1 Magic Mystery |unknown |medial 1 1 0 1 0
5 Right medial 1 1 0 1 0 Magic Mystery  |unknown |lateral 1 1 0 1 1
5 Right lateral 1 1 0 1 1 Johnston Stir unknown [medial 1 1 0 1 0
6 Left medial 1 1 0 1 0 Johnston Stir unknown [lateral 1 1 0 1 1
6 Left lateral 1 1 0 1 1 Khotan unknown |medial 1 1 0 1 1
6 Right medial 1 1 0 1 1 Khotan unknown [lateral 1 1 0 1 1
6 Right lateral 1 1 0 1 1 Sadaara unknown [medial 1 1 0 1 0
7 Left medial 1 1 0 1 1 Sadaara unknown [lateral 1 1 0 1 1
7 Left lateral 1 1 0 1 1 Titled Lady unknown |medial 1 1 0 1 0
7 Right medial 1 1 0 1 1 Titled Lady unknown [lateral 1 1 0 1 1
7 Right lateral 1 1 0 1 1 Stoute Seraphina [unknown |lateral 1 1 1 1 1
9 Left medial 0 0 0 1 1 Stoute Seraphina [unknown |medial 1 1 1 1 1
9 Left lateral 0 0 0 1 1 Modun unknown |lateral 1 1 0 0 0
9 Right medial 0 0 0 1 1 Modun unknown [medial 1 1 0 0 0
9 Right lateral 0 0 0 1 1 Lockwood unknown |lateral 0 1 1 1 0

Lockwood unknown [medial 0 1 1 1 0




Transverse plane

Horse Limb PSB *A *B *C *D
1 Left medial 1 0 1 1
1 Left lateral 0 1 0 1
1 Right medial 1 0 1 1
1 Right lateral 1 1 1 1
2 Left medial 1 1 0 1
2 Left lateral 1 1 0 1
2 Right medial 1 1 1 1
2 Right lateral 1 1 1 1
3 Left medial 1 0 1 1
3 Left lateral 0 1 0 1
3 Right medial 1 0 1 1
3 Right lateral 0 1 0 1
4 Left medial 1 1 0 1
4 Left lateral 1 1 0 1
4 Right medial 1 1 0 1
4 Right lateral 1 1 1 1
5 Left medial 1 1 0 1
5 Left lateral 1 1 0 1
5 Right medial 1 1 0 1
5 Right lateral 1 1 0 1
6 Left medial 1 1 1 1
6 Left lateral 1 1 1 1
6 Right medial 1 1 0 1
6 Right lateral 1 1 1 1
7 Left medial 1 0 1 1
7 Left lateral 0 1 0 1
7 Right medial 1 1 0 1
7 Right lateral 1 1 1 1
9 Left medial 1 1 1 1
9 Left lateral 1 1 0 1
9 Right medial 1 1 1 1
9 Right lateral 1 1 0 1

10 Left medial 1 0 1 1
10 Left lateral 0 1 0 1
10 Right medial 1 0 0 1
10 Right lateral 0 1 0 1
14 Left medial 1 1 0 1
14 Left lateral 0 1 0 1
14 Right medial 1 0 0 1
14 Right lateral 0 1 0 1
16 Left medial 1 1 1 1
16 Left lateral 0 1 0 1
16 Right medial 1 1 1 1
16 Right lateral 1 1 0 1
17 Left medial 1 0 0 1
17 Left |ateral 0 1 0 1
17 Right medial 1 1 0 1
17 Right lateral 0 1 0 1
Altruism unknown |medial 1 1 0 1
Altruism unknown |[lateral 1 1 0 1
Amber Isle unknown [medial 1 0 0 1
Amber Isle unknown |[lateral 0 1 0 1
Chapparachick unknown |medial 1 1 0 1
Chapparachick unknown |[lateral 1 1 0 1
Harjas unknown |medial 1 1 0 1
Harjas unknown |[lateral 1 1 0 0
Magic Mystery unknown |medial 1 1 0 1
Magic Mystery unknown |[lateral 1 1 1 1
Johnston Stir unknown |medial 1 1 0 1
Johnston Stir unknown |[lateral 1 1 1 1
Khotan unknown |medial 1 0 0 1
Khotan unknown |[lateral 1 0 0 1
Sadaara unknown |medial 1 1 1 1
Sadaara unknown |[lateral 0 1 0 1
Titled Lady unknown |medial 1 1 1 1
Titled Lady unknown [lateral 0 1 1 1
Stoute Seraphina |unknown |lateral 1 1 0 1
Stoute Seraphina |unknown |medial 1 1 0 1
Modun unknown |[lateral 1 0 1 1
Modun unknown |medial 0 1 0 1
Lockwood unknown |[lateral 1 1 0 1
Lockwood unknown |medial 1 1 0 1
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Dorsal plane

Horse Limb PSB *E *F *G *H *|
1 Left medial 1 1 1 1 1
1 Left lateral 1 1 1 1 1
1 Right medial 1 1 0 1 1
1 Right lateral 1 1 0 1 1
2 Left medial 1 1 0 1 1
2 Left lateral 1 1 0 1 1
2 Right medial 1 1 0 1 1
2 Right lateral 1 1 0 1 1
3 Left medial 1 1 0 1 0
3 Left lateral 1 1 0 1 0
3 Right medial 1 1 0 1 0
3 Right lateral 1 1 0 1 0
4 Left medial 1 1 0 1 0
4 Left lateral 1 1 0 1 0
4 Right medial 1 1 0 1 0
4 Right lateral 1 1 0 1 1
5 Left medial 1 1 0 1 0
5 Left lateral 1 1 0 1 0
5 Right medial 1 1 0 1 0
5 Right lateral 1 1 0 1 0
6 Left medial 1 0 1 1 0
6 Left lateral 1 0 1 1 1
6 Right medial 1 0 1 1 0
6 Right lateral 1 0 1 1 1
7 Left medial 1 0 1 1 0
7 Left lateral 1 0 1 1 1
7 Right medial 1 0 1 1 0
7 Right lateral 1 0 1 1 1
9 Left medial 0 1 0 1 1
9 Left lateral 0 1 0 1 1
9 Right medial 0 1 0 1 1
9 Right lateral 0 1 0 1 1

10 Left medial 1 1 0 1 1
10 Left lateral 1 1 0 1 1
10 Right medial 1 1 0 1 1
10 Right lateral 1 1 0 1 1
14 Left medial 1 1 0 1 1
14 Left lateral 1 1 0 1 1
14 Right medial 1 1 0 1 1
14 Right lateral 1 1 0 1 1
16 Left medial 1 1 0 1 1
16 Left lateral 1 1 0 1 1
16 Right medial 1 1 0 1 1
16 Right lateral 1 1 0 1 1
17 Left medial 1 1 0 1 0
17 Left lateral 1 1 0 1 0
17 Right medial 1 1 0 1 0
17 Right lateral 1 1 0 1 0
Altruism unknown |medial 1 0 1 1 0
Altruism unknown |lateral 1 0 1 1 0
Amber Isle unknown |medial 1 1 0 1 1
Amber Isle unknown |lateral 1 1 0 1 1
Chapparachick unknown [medial 1 0 1 1 1
Chapparachick unknown |lateral 1 0 1 1 1
Harjas unknown |medial 1 0 1 1 1
Harjas unknown |lateral 1 0 1 1 1
Magic Mystery unknown |medial 1 0 1 1 1
Magic Mystery unknown |lateral 1 0 1 1 1
Johnston Stir unknown |medial 1 0 1 1 1
Johnston Stir unknown |lateral 1 0 1 1 1
Khotan unknown |medial 1 0 1 1 1
Khotan unknown |lateral 1 0 1 1 1
Sadaara unknown |medial 1 0 1 1 1
Sadaara unknown |lateral 1 0 1 1 1
Titled Lady unknown |medial 1 0 1 1 1
Titled Lady unknown |lateral 1 0 1 1 1
Stoute Seraphina |unknown [lateral 1 0 1 1 1
Stoute Seraphina |unknown [medial 1 0 1 1 1
Modun unknown |lateral 1 1 1 1 1
Modun unknown |medial 1 1 1 1 1
Lockwood unknown |lateral 0 0 1 1 0
Lockwood unknown |medial 0 0 1 1 0




Transverse plane

Horse Limb PSB *A *B *C *D
1 Left medial 1 0 0 1
1 Left lateral 1 1 0 1
1 Right medial 1 1 0 1
1 Right lateral 1 1 0 1
2 Left medial 1 1 0 1
2 Left lateral 1 1 0 1
2 Right medial 1 1 0 1
2 Right lateral 1 1 0 1
3 Left medial 1 1 1 1
3 Left lateral 1 1 1 1
3 Right medial 1 1 1 1
3 Right lateral 1 1 1 1
4 Left medial 1 1 0 1
q Left lateral 1 1 0 1
4 Right medial 1 1 0 1
4 Right lateral 1 1 0 1
5 Left medial 1 1 0 1
5 Left lateral 1 1 0 1
5 Right medial 1 1 0 1
5 Right lateral 1 1 0 1
6 Left medial 1 1 1 1
6 Left lateral 1 1 0 1
6 Right medial 1 1 0 1
6 Right lateral 1 1 0 1
7 Left medial 1 1 1 1
7 Left lateral 1 1 0 1
7 Right medial 1 1 0 1
7 Right lateral 1 1 0 1
9 Left medial 1 1 0 1
9 Left lateral 1 1 0 1
9 Right medial 1 1 0 1
9 Right lateral 1 1 0 1

10 Left medial 1 1 0 1
10 Left lateral 1 1 0 1
10 Right medial 1 1 0 1
10 Right lateral 1 1 0 1
14 Left medial 1 1 0 1
14 Left lateral 0 1 0 1
14 Right medial 0 1 0 1
14 Right lateral 0 1 0 1
16 Left medial 1 1 1 1
16 Left lateral 1 1 0 1
16 Right medial 1 1 0 1
16 Right lateral 1 1 0 1
17 Left medial 1 1 0 1
17 Left lateral 1 1 0 1
17 Right medial 1 1 0 1
17 Right lateral 1 1 0 1
Altruism unknown |medial 1 1 0 1
Altruism unknown [lateral 1 1 0 1
Amber Isle unknown |medial 1 1 0 1
Amber Isle unknown |lateral 1 1 0 1
Chapparachick  [unknown |medial 1 1 0 1
Chapparachick  [unknown |lateral 1 1 0 1
Harjas unknown |medial 1 1 0 1
Harjas unknown |lateral 1 1 0 1
Magic Mystery |unknown [medial 1 1 0 1
Magic Mystery  |unknown |lateral 1 1 0 1
Johnston Stir unknown |medial 1 1 0 1
Johnston Stir unknown |lateral 1 1 0 1
Khotan unknown |medial 1 1 0 1
Khotan unknown |lateral 1 1 0 1
Sadaara unknown |medial 1 1 0 1
Sadaara unknown |lateral 1 1 0 1
Titled Lady unknown |medial 1 1 0 1
Titled Lady unknown |lateral 1 1 0 1
Stoute Seraphina [unknown |lateral 1 1 0 1
Stoute Seraphina [unknown |medial 1 1 0 1
Modun unknown |lateral 1 1 0 1
Modun unknown |medial 0 1 0 1
Lockwood unknown |lateral 1 1 0 1
Lockwood unknown |medial 1 1 0 0




10 Left medial 0 0 1 1 1

10 Left lateral 1 1 0 1 1

10 Right medial 1 1 0 1 1

10 Right lateral 1 1 0 1 1

14 Left medial 1 0 1 1 1
Dorsal plane 14 Left lateral 1 1 0 1 1
Horse Limb PSB *E *E *G *H *| 14 Right medial 1 1 0 1 1
1 Left medial 1 0 1 1 0 14 Right lateral 1 1 0 1 1
1 Left lateral 1 0 1 1 0 16 Left medial 0 0 1 1 1
1 Right medial 1 0 1 1 0 16 Left lateral 1 1 0 1 1
1 Right lateral 1 0 1 1 0 16 Right medial 0 0 1 1 1
2 Left medial 1 1 0 1 1 16 Right lateral 1 1 0 1 1
2 Left lateral 1 1 0 1 1 17 Left medial 1 1 0 1 0
2 Right medial 1 1 0 1 1 17 Left lateral 1 1 0 1 0
2 Right lateral 1 1 0 1 1 17 Right medial 1 1 0 1 0
3 Left medial 1 1 0 1 0 17 Right lateral 1 1 0 1 0
3 Left |ateral 1 1 0 1 0 Altruism unknown [medial 1 0 1 1 0
3 Right medial 1 1 0 1 0 Altruism unknown |lateral 1 0 1 1 0
3 Right lateral 1 1 0 1 0 Amber Isle unknown [medial 1 0 1 1 0
4 Left medial 1 1 0 1 0 Amber Isle unknown |lateral 1 0 1 1 0
4 Left |ateral 1 1 0 1 0 Chapparachick unknown [medial 1 0 1 1 1
4 Right medial 1 1 0 1 0 Chapparachick unknown |lateral 1 0 1 1 1
4 Right lateral 1 1 0 1 0 Harjas unknown [medial 1 0 1 1 1
5 Left medial 1 1 0 1 0 Harjas unknown |lateral 1 0 1 1 1
5 Left |ateral 1 1 0 1 0 Magic Mystery |unknown |medial 1 0 1 1 0
5 Right medial 1 1 0 1 0 Magic Mystery |unknown |lateral 1 0 1 1 0
5 Right lateral 1 1 0 1 0 Johnston Stir unknown [medial 1 0 1 1 1
6 Left medial 1 0 1 1 1 Johnston Stir unknown [lateral 1 0 1 1 1
6 Left lateral 1 0 1 1 1 Khotan unknown [medial 1 0 1 1 1
6 Right medial 1 0 1 1 1 Khotan unknown |lateral 1 0 1 1 1
6 Right lateral 1 0 1 1 1 Sadaara unknown [medial 1 0 1 1 1
7 Left medial 1 1 0 1 0 Sadaara unknown |lateral 1 0 1 1 1
7 Left lateral 1 0 1 1 0 Titled Lady unknown [medial 1 0 1 1 1
7 Right medial 1 0 1 1 0 Titled Lady unknown |lateral 1 0 1 1 1
7 Right lateral 1 0 1 1 0 Stoute Seraphina [unknown |lateral 1 1 0 1 1
9 Left medial 1 0 1 1 1 Stoute Seraphina [unknown |[medial 0 1 0 0 1
9 Left |ateral 1 0 1 1 1 Modun unknown [lateral 1 1 1 1 1
9 Right medial 1 0 1 1 1 Modun unknown [medial 1 1 1 1 1
9 Right lateral 1 0 1 1 1 Lockwood unknown [lateral 1 0 1 1 1

Lockwood unknown [medial 1 0 1 T 1




Transverse plane

Horse Limb PSB *A *B *C *D
1 Left medial 1 1 0 1
1 Left lateral 1 1 0 1
1 Right medial 1 0 0 1
1 Right lateral 1 1 0 1
2 Left medial 1 1 0 1
2 Left lateral 0 1 0 1
2 Right medial 1 1 0 1
2 Right lateral 1 1 0 1
3 Left medial 1 1 0 1
3 Left lateral 1 1 0 1
3 Right medial 1 1 1 1
3 Right lateral 1 1 0 1
4 Left medial 1 1 0] 1
4 Left lateral 0 0 0 1
4 Right medial 0 0 0 1
4 Right lateral 0 0 0 1
5 Left medial 1 0 0 1
5 Left lateral 0 1 0 1
5 Right medial 1 1 0 1
5 Right lateral 1 1 0 1
6 Left medial 1 1 0 1
6 Left lateral 1 1 0 1
6 Right medial 1 1 0 1
6 Right lateral 1 1 0 1
7 Left medial 1 1 0 1
7 Left lateral 0 1 0 1
7 Right medial 1 1 0 1
7 Right lateral 0 1 0 1
9 Left medial 1 1 1 1
9 Left lateral 1 1 0 1
9 Right medial 1 1 0 1
9 Right lateral 1 1 0 1

10 Left medial 1 1 1 1
10 Left lateral 1 1 1 1
10 Right medial 1 1 0 1
10 Right lateral 1 1 0 1
14 Left medial 1 1 0 1
14 Left lateral 0 1 0 1
14 Right medial 1 0 0 1
14 Right lateral 0 1 0 1
16 Left medial 1 1 0 1
16 Left lateral 1 1 0 1
16 Right medial 1 1 0 1
16 Right lateral 1 1 0 1
17 Left medial 1 1 0 1
17 Left lateral 1 1 0 1
17 Right medial 1 1 0 1
17 Right lateral 1 1 0 1
Altruism unknown |medial 0 1 0 1
Altruism unknown |lateral 1 1 0 1
Amber Isle unknown |medial 1 1 0 1
Amber Isle unknown |lateral 1 1 0 1
Chapparachick unknown |medial 1 1 0 1
Chapparachick unknown |lateral 1 1 0 1
Harjas unknown |medial 1 1 0 1
Harjas unknown |lateral 1 1 0 1
Magic Mystery unknown |medial 1 1 0 1
Magic Mystery unknown |lateral 1 1 0 1
Johnston Stir unknown |medial 1 1 0 1
Johnston Stir unknown |lateral 1 1 0 1
Khotan unknown |medial 1 1 1 0
Khotan unknown |lateral 1 1 0 1
Sadaara unknown |medial 1 1 0 1
Sadaara unknown |lateral 1 1 0 1
Titled Lady unknown |medial 1 1 0 1
Titled Lady unknown |lateral 1 1 0 1
Stoute Seraphina [unknown |lateral 1 1 0 1
Stoute Seraphina [unknown |medial 1 1 0 1
Modun unknown |lateral 1 1 0 1
Modun unknown |medial 0 1 0 1
Lockwood unknown |lateral 1 1 0 1
Lockwood unknown |medial 1 1 0 1
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Transverse plane

Horse Limb PSB *A *B *C *D
1 Left medial 1 0 0 1
1 Left lateral 0 1 0 1
1 Right medial 1 0 0 0
1 Right lateral 0 1 0 1
2 Left medial 1 1 1 1
2 Left lateral 0 1 0 1
2 Right medial 1 0 0 1
2 Right lateral 0 1 0 1
3 Left medial 1 1 0 1
3 Left lateral 1 1 0 1
3 Right medial 1 0 0 1
3 Right lateral 0 1 0 1
4 Left medial 0 0 0 0
4 Left lateral 0 0 0 1
4 Right medial 0 0 0 0
4 Right lateral 0 0 0 0
5 Left medial 1 0 0 1
5 Left lateral 0 0 0 1
5 Right medial 1 0 0 1
5 Right lateral 0 1 0 1
6 Left medial 1 1 0 1
6 Left lateral 1 1 0 1
6 Right medial 1 1 0 1
6 Right lateral 1 1 0 1
7 Left medial 1 0 0 1
7 Left lateral 0 1 0 1
7 Right medial 1 0 0 0
7 Right lateral 1 0 0 0
9 Left medial 1 1 0 0
9 Left lateral 1 1 0 0
9 Right medial 1 1 0 1
9 Right lateral 1 1 0 1

10 Left medial 1 1 0 0
10 Left lateral 1 1 0 0
10 Right medial 1 1 0 0
10 Right lateral 1 1 0 0
14 Left medial 1 0 0 1
14 Left lateral 0 1 0 1
14 Right medial 1 0 0 1
14 Right lateral 0 1 0 1
16 Left medial 1 1 0 1
16 Left lateral 0 1 0 1
16 Right medial 1 1 0 1
16 Right lateral 1 1 0 1
17 Left medial 1 1 0 1
17 Left lateral 1 1 0 1
17 Right medial 1 1 0 1
17 Right lateral 1 1 0 1
Altruism unknown |medial 1 1 0 1
Altruism unknown |lateral 1 1 0 1
Amber Isle unknown |medial 1 1 0 1
Amber Isle unknown |lateral 1 1 0 0
Chapparachick  [unknown [medial 0 1 0 0
Chapparachick unknown |lateral 1 1 0 0
Harjas unknown |medial 1 1 0 0
Harjas unknown |lateral 1 1 0 0
Magic Mystery |unknown |medial 1 1 0 0
Magic Mystery |unknown [lateral 1 1 0 0
Johnston Stir unknown |medial 1 1 0 0
Johnston Stir unknown |lateral 1 1 0 0
Khotan unknown |medial 1 1 0 1
Khotan unknown |lateral 1 1 0 1
Sadaara unknown |medial 1 1 0 1
Sadaara unknown |lateral 1 1 0 1
Titled Lady unknown |medial 1 1 0 1
Titled Lady unknown |lateral 1 1 0 1
Stoute Seraphina [unknown |lateral 1 1 0 0
Stoute Seraphina [unknown [medial 1 1 0 0
Modun unknown |lateral 1 1 0 1
Modun unknown |medial 1 1 0 1
Lockwood unknown |lateral 0 1 0 0
Lockwood unknown |medial 1 1 0 0
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Legend table 8 to 16

*A = Denser area medial side

*B = Denser area lateral side

*C = Denser area palmar side

*D = Line of less density from the proximal side, which faces the third
metacarpal bone, to the distopalmar side of the bones.
*E = lower density at the top

*F = Lower density where bones facing each other

*G = Higher density where bones facing each other

*H = Higher density at the medial respectively lateral side
*| = Higher density at the bottom of the bone

44



