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SPECIAL ISSUE: ADVANCES IN APPLIED VETERINARY ANATOMY

Cone beam computed tomography and cross-sectional
anatomy of the region of the fetlock in the horse
(Equus caballus)
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Abstract

This study aimed to delineate the detailed anatomy of the metacarpophalangeal
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(MCP) and metatarsophalangeal (MTP) joints in healthy horses using cone beam
computed tomography (CBCT). The fetlock region of 15 cadaveric forelimbs and 14

cadaveric hindlimbs from nine adult horses without orthopaedic disease underwent
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CBCT scanning. Additionally, arthrography CBCT scans were conducted following
intra-articular injection of a radiopaque contrast medium containing blue epoxy resin
dye. Subsequently, limbs were frozen and sectioned to visualize anatomical structures
in sectional planes corresponding to selected CBCT images. CBCT proved suitable for
detailed visualization of the bony components of the fetlock region. Furthermore, the
common digital extensor tendon, superficial and deep digital flexor tendons, suspen-
sory ligament, and straight and oblique sesamoidean ligaments were identifiable on
CBCT images. However, certain ligaments, such as the collateral sesamoidean liga-
ments and intersesamoidean ligaments, were not clearly identified. The hyaline carti-
lage of the MCP and MTP joint facets was assessable on the post-contrast sequence.
In cases where a radiographic or ultrasound examination cannot provide a definitive
diagnosis and determine the extent of disease, CBCT can provide additional valuable
data on the equine MCP and MTP joint. The images obtained in this study can serve

as a reference for CBCT examination of the equine MCP and MTP joint.
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1 | INTRODUCTION

orthopaedic issues in horses, providing a rapid and comprehensive
understanding of the extent of disease (Bienert & Stadler, 2006).

The utilization of advanced imaging in veterinary practice, particu-
larly in equine medicine, is expanding, with the increased availabil-
ity of conventional and cone beam computed tomography (CBCT).
Computed tomography (CT) plays a significant role in diagnosing

Diseases affecting the metacarpophalangeal (MCP) and metatar-
sophalangeal (MTP) joints commonly result in lameness in horses
and have been extensively investigated with radiography and ul-
trasonography (Denoix et al., 1996; Ueltschi et al., 1996). However,
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inconclusive results from radiography or ultrasonography have
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led to the necessity of cross-sectional imaging modalities like CT
and MRI (Barbee et al.,, 1987; Bienert & Stadler, 2006; Hanson
et al., 1996; Kraft & Gavin, 2001; Rijkenhuizen et al., 2005; Wisner
et al., 1991). CT and MRI offer advantages over radiography and
ultrasonography, including simultaneous imaging of bone and soft-
tissue structures, lack of superimposition and the ability to ob-
tain three-dimensional (3D) images through reconstruction (CT)
or acquisition (MRI) (Kaneps et al., 1995; Tucker & Sande, 2001).
However, these techniques also have drawbacks, such as the

need for general anaesthesia and a long acquisition time (MRI), as
well as high maintenance costs (Kaser-Hotz et al., 1994; Kraft &
Gavin, 2001; Tucker & Sande, 2001). CT provides excellent visual-
ization of bony structures, while MRI is better suited for assessing
non-mineralized structures such as tendons, ligaments and articular
cartilage (Tucker & Sande, 2001). Conventional CT scans, along with
CT examinations combined with the application of intra-articular
(Young et al., 2007) and intra-arterial contrast solutions (Puchalski
et al., 2007), were employed to develop and outline new diagnostic

techniques for assessing the equine fetlock region. However, only

FIGURE 1 Cross-section of the fetlock joint. lllustration of the transverse sectional plane, including tendons, ligaments, and bones in the area
of the distal part of the splint bone. (a) CBCT indicating the plane (yellow) displayed in (b), (d), (e) and (f). (b) Contrast medium-enhanced CBCT
image. (c) Interactive 3D model of the fetlock region indicating the plane displayed in (b), (d), (€) and (f). (d) Anatomic section. (e) CBCT image,
bone window. (f) CBCT image, soft tissue window. Each image is orientated with the medial aspect to the left and the dorsal aspect to the top.
The choice of section was made to show the most important anatomical structures. The natural anatomical margins and functional relationships
were taken into account. 1=Third metacarpal bone (MCIIl)/metatarsal bone (MTIII); 1a=_Sagittal ridge of MCIII/MTIII; 1b=Collateral fossa;
2=_Second/fourth metacarpal bone (MCII/IV)/metatarsal bone (MTII/IV); 3=Proximal sesamoid bones; 4=Proximal phalanx; 5=Long/common
digital extensor tendon; 6 =Lateral digital extensor tendon; 7=Superficial digital flexor tendon; 7a=Manica flexoria; 8=Deep digital flexor
tendon; 9 =Suspensory ligament; 9a=medial +lateral branch; 9b=medial +lateral extensor branch; 10=Plantar/palmar (intersesamoidean)
ligament, 10a=suprasesamoiden part, 10b=sesamoiden part; 11 =Collateral ligament; 11a=Superficial part of the collateral ligament,
11b=Deep part of the collateral ligament; 12 =Palmar annular ligament; 13=Collateral sesamoidean ligament; 14 =Straight distal sesamoidean
ligament; 15=0blique distal sesamoidean ligaments; 16 =Short distal sesamoidean ligaments; 17 =Cruciate distal sesamoidean ligaments;

18 =Proximopalmar/plantar recess of the metacarpophalangeal joint; 19 =Dorsal recess of the metacarpophalangeal joint; 20 = Distopalmar/
plantar recess of the metacarpophalangeal joint; 21 =Cartilage of the third metacarpal bone (MClIl)/metatarsal bone (MTIII); 22 =Cartilage of
the proximal sesamoid bones; 23 =Cartilage of the proximal phalanx; 24 =Joint capsule, 24a=Proximodorsal fibrosynovial plica.
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FIGURE 2 Cross-section of the

fetlock joint. Illustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of the
proximal part of the proximopalmar recess
of the metacarpophalangeal joint. For
further details, refer to the caption of
Figure 1.

in 2008 has a description of the normal CT anatomy of the equine
fetlock region been published to provide a fundamental basis for the
interpretation of related CT findings (Vanderperren et al., 2008).

Recently, CBCT has gained attention in equine medicine for ad-
vanced imaging, and its utility in equine patients has been recognized
(Stewart et al., 2021). However, there is currently no description of
the appearance of unchanged, clinically relevant structures of the
equine fetlock region displayed on CBCT images. Therefore, the ob-
jective of the present study was to provide an atlas of the CBCT
anatomy of the normal equine MCP and MTP joints, with and with-
out contrast arthrography.

2 | MATERIALS AND METHODS
2.1 | Specimens

Fifteen cadaveric forelimbs and 14 cadaveric hindlimbs from nine adult
horses euthanized for reasons unrelated to this study at the Clinic for
Horses (Surgery, Orthopaedics) and (Internal Medicine), Faculty of
Veterinary Medicine, Justus-Liebig-University in Giessen were uti-
lized. Within 1h of euthanasia, the limbs were disarticulated at the
level of the carpal or tarsal joint. Each limb underwent post-mortem ex-
amination through macroscopic inspection and palpation, followed by
radiographic evaluation of the fetlock joints using various projections
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(dorso-palmar/plantar, latero-medial, dorsolateral-palmar/plantaro-

medial oblique, and dorsomedial-palmar/plantarolateral oblique) with
a high-frequency generator (Siemens Optitop 150/40/80, 68kVp and
2.0mAs) and a DR flat-panel detector (Fujifilm, FDR D-EVO Il C24).
Based on the post-mortem examination, limbs displaying pathological
changes were excluded from the study. Subsequently, the limbs were
stored at 4°C before undergoing CBCT examinations, which were
conducted within 24 h after euthanasia.

2.2 | Cone beam computed tomography

The CBCT scanner utilized in this study is specifically designed and
FDA-approved for use in a surgical setting (O-arm®, Medtronic Inc.).
CBCT examinations were conducted under the following parame-
ters: 120kV, 64 mAs and a 200 mm field of view.

The fetlock region was scanned with the limbs placed in the gan-
try with the longitudinal axis of the foot oriented parallel to the CBCT
table and perpendicular to the plane of the CBCT gantry. Initially, a
native scan was conducted. Subsequently, a fetlock arthrogram was
performed by injecting the joint through a dorsal approach using a
20G cannula (Stercan®, Braun). The injection consisted of a mixture
of 10mL of contrast medium containing iobitridol (Xenetix® 300,
Guerbet, Sulzbach, Germany) and 10mL of isotonic saline solution
0.9% (Braun Ecofl from B. Braun Melsungen AG), along with 1 mL of
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blue epoxy resin dye (DecorRom). To ensure an even distribution of
the injected contrast solution, the fetlock joint was flexed 20 times.
Subsequently, the limbs were scanned again using CBCT, with ac-
quisition variables identical to those described for the native scans.
Afterwards, the limbs were frozen at -18°C for a minimum of 48h. A
qualitative assessment of the bone and soft-tissue structures in the
equine fetlock joint was performed using the acquired CBCT images.

2.3 | Gross anatomic sections

All 29 limbs were sawed using a water-cooled band saw (K440H,
Kolbe Foodtec, Elchingen, Germany). Ten limbs were sectioned in the
transverse plane, 10 limbs in the sagittal plane and nine limbs in the
dorsal plane. The sectioned specimens were photographed (Nikon
D3300 SLR-digital camera Kit AF-P 18-55 VR), and the images were
edited using Photoshop (Adobe Photoshop, version 22.1.0).

2.4 | Identification of anatomic structures
CBCT scan data were rendered using a DICOM viewer program

(RadiAnt, DICOM Viewer 2023.1). The bone window (WW=3000HU;
WL=500HU) and the soft-tissue window (WW 600HU; WL=100HU)

FIGURE 3 Cross-section of

the fetlock joint. lllustration of the
transverse sectional plane, including
tendons, ligaments and bones in the
area of the proximopalmar recess of the
metacarpophalangeal joint. For further
details, refer to the caption of Figure 1.

were employed to display either native or contrast medium-enhanced
CBCT images, respectively. The window width level was adjusted as
required to achieve optimal images. The 3D orientation of 2D images
was adjusted using a multi-planar reconstruction operation until corre-
sponding images from gross anatomic sections were matched. Bony and
soft-tissue structures were identified and annotated on paired images.

2.5 | 3D model of the fetlock region

A representative 3D model of the fetlock region was created using
the Amira software program (Thermo Scientific™ Amira, version
4.6.0). Therefore, the bony structures and the fetlock joint compart-
ment were segmented semi-automatically from a contrast medium-
enhanced CBCT data set.

3 | RESULTS

Clinically relevant anatomical structures were visualized in nine trans-
verse, two dorsal and two sagittal planes. For each plane, CBCT images
(bone and soft-tissue window) with and without contrast medium were
assessed in comparison with the corresponding anatomical sections
(see Figures 1-13).
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FIGURE 4 Cross-section of the
fetlock joint. lllustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of the
manica flexoria. For further details, refer
to the caption of Figure 1.

FIGURE 5 Cross-section of the
fetlock joint. lllustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of the
apex of the proximal sesamoid bones.
For further details, refer to the caption of
Figure 1.
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FIGURE 6 Cross-section of the

fetlock joint. Illustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of the
proximal sesamoid bones. For further
details, refer to the caption of Figure 1.
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FIGURE 7 Cross-section of the
fetlock joint. lllustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of

the proximal part of the straight distal
sesamoidean ligament and oblique distal
sesamoidean ligaments. For further
details, refer to the caption of Figure 1.
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FIGURE 8 Cross-section of the
fetlock joint. Illustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of

the distal part of the oblique distal
sesamoidean ligaments. For further
details, refer to the caption of Figure 1.

FIGURE 9 Cross-section of the
fetlock joint. lllustration of the transverse
sectional plane, including tendons,
ligaments and bones in the area of the
pastern. For further details, refer to the
caption of Figure 1.
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Despite the use of fenestration, the bony structures of

the fetlock joint were displayed superior to non-mineralized
structures. The use of the bone window (WW=3000HU;
WL=500HU) enabled us to clearly visualize the outline of the
bones and to discriminate the bony compacta/cortex from the
inner bony medulla (Figures 1-13). A clear delineation of the ar-
ticular space of the fetlock joint was best visualized by sagittal
and dorsal reconstructed images (Figures 10-13). The hyaline
articular cartilage was identified as a regular, smooth, strongly
attenuating line over the homogeneous, weakly attenuating sub-
chondral bone after arthrography. The cartilage of the dorsal and
palmar/plantar aspect of MCIII/MTIIl and the articular surface of
the proximal sesamoid bones were well identified. The cartilage
at the most distal part of the sagittal ridge and the condyles of
MCII/MTII and the cartilage of the proximal phalanx were diffi-
cult to see or were even not visible on the transverse, sagittal and
dorsal planes. The extension of the synovial recesses (including

FIGURE 10 Sagittal section of the
fetlock joint. lllustration of the sagittal
sectional plane, including tendons,
ligaments and bones in the area of the
proximal sesamoid bones. For further
details, refer to the caption of Figure 1.

the proximal synovial pad) was well identified after arthrography
(Figures 2-7 and 10-13).

Soft-tissue structures were less clearly recognizable compared
to bone and were also recognized differently, ranging from moder-
ate to unrecognizable. The soft-tissue window was adjusted in the
following range (WW 600HU; WL=100HU).

The following structures were moderately visualized but detect-
able nonetheless and were identified by their location and attenua-

tion but not by margins at the CBCT images:

e Proximal to the fetlock joint, the deep digital flexor tendon (tendon of
the M. flexor digitalis profundus) had an oval shape, distally an incip-

ient bilobed shape on the anatomical cross section (Figures 1-9d).

The following structures were poorly visualized but detectable
nonetheless and were identified by location and attenuation, with
clear visualization of their bony attachments:
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FIGURE 11 Sagittal section of the
fetlock joint. lllustration of the sagittal
sectional plane, including tendons,
ligaments and bones in the area of the
sagittal ridge of third metacarpal bone.
For further details, refer to the caption of
Figure 1.

e The dorsal digital extensor tendon (tendon of the M. extensor dig-
italis longus), appearing narrow and flat on the anatomical cross
section (Figures 1-9d).

e The superficial digital flexor tendon (tendon of the M. flexor dig-
italis superficialis), exhibiting a flattened shape on the transverse
section (Figures 1-11d).

e The lateral and medial branches of the suspensory ligament
(M. interosseus medius), starting round and becoming more
trapezoid-shaped as they insert at the apical and abaxial borders
of the proximal sesamoid bones (Figures 1-5, 13d).

e The fibrocartilaginous intersesamoidean ligament (Lig. palmare),
located between the two proximal sesamoid bones (Figures 4-6
and 13d).

e The straight distal sesamoidean ligament (Lig. sesamoideum rec-
tum), originating from the base of the proximal sesamoid bones and
the intersesamoidean ligament, and inserting distally on the sec-
ond phalanx, with varying shapes along its length (Figures 7-9d).

Embryologia

e The oblique distal sesamoidean ligaments (Ligg. sesamoidea obli-

qua), with lateral, sagittal and medial parts, originating separately
from the base of the medial and lateral proximal sesamoid bones
and the intersesamoidean ligament, attaching on the palmar/plan-
tar surface of the proximal phalanx to the trigonum (Trigonum
phalangis proximalis) (Figures 7-9d).

The following structures were not visible, but their bony attach-

ments were clearly visible on the CBCT images:

e The lateral and medial collateral ligaments (Lig. collaterale med./

lat.), comprising superficial and deep parts, with the superficial
part originating distolaterally/-medially at the metacarpal/meta-
tarsal shaft and attaching to the proximolateral/-medial aspect of
the proximal phalanx and the triangular deep part originating at
the abaxial condylar fossa and inserting on the proximal phalanx
and the proximal sesamoid bone (Figure 6d).
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The lateral and medial collateral sesamoidean ligaments (Ligg. ses-
amoidea collateralia med./lat.), running from the abaxial surface
of the proximal sesamoid bones to MCIII/MTIII and the tuberos-
ity of the proximal phalanx, located superficially to the superficial
part of the collateral ligaments and the extensor branches of the
suspensory ligament (Figure 6d).

The thin annular ligament (Lig. anulare palmare) positioned di-
rectly under the skin and attaching to the abaxial surfaces of the
proximal sesamoid bones (Figure 6d)

The cruciate sesamoidean ligaments (Ligg. sesamoidea cruciate),
lying beneath the straight and oblique sesamoidean ligaments,
crossing from the axial part of the base of the proximal sesamoid
bones to the contralateral, axial aspect of the proximal phalanx,
forming the palmar wall of the palmarodistal recess of the MCP/
MTP joint (Figure 7d).

FIGURE 12 Frontal view of the fetlock
joint. lllustration of the frontal sectional
plane, including tendons, ligaments and
bones in the area of the collateral fossa.
For further details, refer to the caption of
Figure 1.

e The short sesamoidean ligaments (Ligg. sesamoidea brevia), ex-

tending from the dorsal aspect of the base of the proximal sesa-
moid bones to the palmar/plantar margin of the articular surface

of the proximal phalanx (Figure 7d).

The soft-tissue structures listed below were not visible on the

CBCT images:

e The manica flexoria (Manica flexoria), which originates from the

superficial flexor tendon and surrounds the deep flexor tendon
proximal to the MCP/MTP joint (Figure 4d).

The metacarpo/tarsointersesamoidean ligament (Lig. meta-
carpo-/metatarsointersesamoideum), originating on the palmar-
odistal/plantarodistal aspect of MCIII/MTIIl and merging with the

intersesamoidean ligament
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FIGURE 13 Frontal view of the fetlock
joint. lllustration of the frontal sectional
plane, including tendons, ligaments

and bones in the area of the proximal
sesamoid bones. For further details, refer
to the caption of Figure 1.

4 | DISCUSSION

The objective of this study was to establish a comprehensive ref-
erence for the anatomical features of the normal MCP/MTP joint
in horses using CBCT imaging. Previous research has provided a
detailed multidetector computed tomography (MDCT) anatomy
description of the normal MCP joint (Vanderperren et al., 2008).
However, there is currently no published CBCT anatomical descrip-

tion specifically focusing on the fetlock joint area.
4.1 | Visualization of bony structures
The present study revealed that bony structures were clearly

identified using CBCT imaging, contrasting with the less distinct
visualization of soft-tissue structures. This observation aligns with

bryologia
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results obtained in prior investigations focused on CBCT (Bierau
et al., 2023; Stewart et al., 2023). CT has demonstrated its util-
ity in diagnosing various conditions, such as subchondral bone
cysts (Curtiss et al., 2021), heterotopic mineralization and adja-
cent pathologies in the equine fetlock region (Lin et al., 2023), as
well as condylar fractures, subchondral bone lesions and small os-
teochondral fragments (Pauwels et al., 2021). CBCT stands out as
an excellent modality for assessing bony structures. In this study,
CBCT clearly illustrated the cortex and medulla of MCIII/MTIII,
the proximal sesamoid bones and the proximal phalanx. The ap-
plication of standing CBCT proves to be an efficient and effective
screening method for evaluating subchondral bone morphology
and detecting fetlock joint pathologies in young thoroughbred
racehorses. Early detection facilitated by CBCT may allow for
timely intervention and prevention of more severe bone injuries
(Ciamillo et al., 2024).
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4.2 | Visualization of soft-tissue structures
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Although the visibility of soft-tissue structures can be optimized
by adjusting the window settings (WW =600HU; WL=100HU),
soft-tissue visualization remains inferior with CBCT compared
to MDCT (Bierau et al., 2023). Nonetheless, there are software
packages and technical solutions already available to further
enhance soft-tissue visualization in CBCT imaging. In studies on
human cadavers, a specialized soft-tissue filter (Hann filter) was
utilized in CBCT imaging, resulting in significant improvement in
the visualization of soft-tissue structures (Demehri et al., 2015).
Some other CBCT systems used for equine medicine still have this
Hann filter. The Hann filter also enabled better soft-tissue imag-
ing in horses but was still inferior to fan beam computed tomog-
raphy (FBCT) (Stewart et al., 2023). Scattered radiation from the
CBCT x-ray source is a problem in CBCT imaging, particularly in
the fetlock joint of horses with a high proportion of dense corti-
cal bone and soft-tissue structures. Scattered radiation increases
image noise and reduces the contrast-to-noise ratio, resulting in
poorer resolution of the soft tissue (Tofts & Gore, 1980). Taking
into account various image parameters (noise, scattered radiation,
beam hardening, motion artefacts), it can be assumed that FBCT
or MDCT will continue to outperform CBCT in the visualization
of soft tissue, despite improvement through filters (Lechuga &
Weidlich, 2016). A supplementary ultrasound examination is rec-
ommended due to the limited visualization of soft-tissue struc-
tures on CBCT.

4.3 | Visualization of cartilage

The MCP/MTP joint cartilage can be observed through CBCT ar-
thrography. In our CBCT investigation, the transverse and sagittal
planes proved valuable for identifying cartilage. However, visualiza-
tion of the cartilage at the most distal part of the sagittal ridge and
groove was challenging or not achievable in the transverse, sagittal
and dorsal planes. This observation aligns with findings from previ-
ous MDCT examination studies (Vanderperren et al., 2008) and has
been explained by the decrease in cartilage thickness from proximal
(approx. 1 mm) to distal (approx. 0.5mm), which leads to insufficient
resolution at this level.

4.4 | Limitation

The research was performed using cadaveric limbs. To reduce arte-
facts resulting from post-mortem changes, the limbs were scanned
as soon as possible after euthanasia, within a maximum time frame
of 24h. The scanning process for dissected limbs mimicked a scan
conducted under general anaesthesia, rather than a CBCT scan per-
formed on a standing sedated horse in which motion artefacts are

more likely.

5 | CONCLUSION

The selection of the optimal imaging plane is primarily dictated by
the clinical presentation. Ideally, a thorough CBCT examination of
the MCP/MTP joint should include evaluation in all three planes:
transverse, sagittal and dorsal reconstructions. While CBCT pro-
vides a robust assessment of the bone structures within the MCP/
MTP joint, the evaluation of soft tissue is limited. To achieve a com-
prehensive examination, supplementary ultrasound imaging may be
warranted. Consequently, a solid understanding of normal anatomy
is essential, and the findings from this study can serve as a valuable
reference for assessing CBCT images of equine limbs afflicted with
MCP/MTP joint pathologies.
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