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Abstract

Background The dromedary camel (Camelus dromedarius) carpal joint presents multiple joints and constitutes
several bones and soft tissues. Radiography and/or ultrasonography of the carpus are challenging due to structural
superimposition. High-field magnetic resonance imaging (MRI) technique precludes superimposed tissues and
offers high soft tissue contrast in multiple sequences and planes. Hence, understanding the normal MRl anatomy is
crucial during clinical investigations. Magnetic resonance imaging is highly sensitive for investigation of soft tissues
and articular cartilage; therefore, it is extensively used for outlining joint anatomy and evaluation of a wide range

of musculoskeletal conditions. MRl images of a specific anatomical region acquired by using multiple sequences in
various planes are necessary for a complete MRI examination. Given the dearth of information on the MRI features

of the dromedary camel carpus, the current study demonstrates the MRI appearance of the clinically significant
structures in the camel carpus in various sequences and planes using a high-field 1.5 Tesla superconducting magnet.
For this purpose, twelve cadaveric forelimbs, obtained from 6 clinically sound lameness free adult dromedary camels,
were examined.

Results The cortex and medulla of the radius, carpal bones and metacarpus were evaluated. Articular cartilage of the
carpal joints was depicted and showed intermediate intensity. Carpal tendons expressed lower signal intensity in all
pulse sequences. The collateral and inter-carpal ligaments showed mixed signal intensity.

Conclusions The obtained data outlines the validation of MRI for investigation of the camel carpus and could set as a
reference for interpretation in clinical patients.
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Background

The dromedary camel carpus is a complex joint between
the antebrachium and the proximal metacarpus and
involves multiple bones and ligaments and surrounded
by numerous tendons. The carpal bones of camel are
arranged in two rows. The upper row comprises the
radial, intermediate, ulnar, and accessory carpal bones,
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surrounding soft tissues represented by the fibrous joint
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capsule and the collateral, inter-carpal and palmar liga-
ments [1].

The carpus is a frequently injured joint in camels and
pain originating from the carpus is a pervasive diffi-
culty, particularly in athletic camels [2, 3]. Carpal pain
and joint effusion can be easily recognized dorsally on
the joint [4]; however, the multifaceted structure of the
carpus restricts physical examination and limits the abil-
ity of radiography and/or ultrasonography to assess car-
pal injury [5]. MRI has great potential in the assessment
of various bony and soft tissue structures and has been
clinically beneficial for investigation of musculoskel-
etal disorders including the carpus [6—8]. MRI exhibits
numerous advantages for diagnosing musculoskeletal
disorders as it enables accurate visualization of subchon-
dral bone, articular cartilage, synovial fluid, ligaments
and tendons [9-12].

Owing to the complex anatomy, numerous patholo-
gies, and the presence of a myriad of injury mechanisms

Fig. 1 Three-dimensional reconstructed dorsolateral view of the normal
dromedary camel carpus. Numbered sections (sagittal, 1; dorsal, 2; and
transverse, 3-6) indicate the approximate levels of the selected magnetic
resonance images. R, radius; Cu, ulnar carpal bone; Ci, intermediate carpal
bone; Cr, radial carpal bone; C3, 3rd carpal bone; C4, fourth carpal bone; Ill,
3rd metacarpal bone; VI, fourth metacarpal bone
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in the carpal region, MRI protocols and sequences should
ensure detailed and accurate assessment of both bones
and soft tissues [13]. Therefore, understanding carpal
anatomy and the difference between the normal and
injured MRI appearance of the clinically relevant struc-
tures are crucial for decisive diagnosis. Previous studies
on the camel carpus included a general anatomic descrip-
tion [14], radiographic and ultrasonographic investiga-
tions [2] and computed tomography [3]. To date, there is
limited information on using MRI in the camel carpus.
Therefore, our objectives were to develop a high-field
MRI procedure for exploration of camel carpus and to
report the normal signal intensity of various carpal struc-
tures on the obtained high-field MRI images.

Results

All osseous components of the dromedary carpus were
seen on all MRI pulse sequences and were illustrated in
the three-dimensional reconstructed dorsolateral view
of the normal dromedary camel carpus. In Fig. 1. num-
bered sections (sagittal, 1; dorsal, 2; and transverse, 3—6)
indicate the approximate levels of the selected magnetic
resonance scans. Figure 2, sagittal T1, T2, STIR and PD
—weighted MRI sequences obtained in the axial aspect of
the carpus at the level of the intermediate carpal bone;
Fig. 3, dorsal T1 and T2-weighted MRI sequences at the
level of the collateral ligaments; Fig. 4, transverse T1
and T2-weighted MRI sequences at the level of the dis-
tal radius; Fig. 5, transverse T1 and T2-weighted and
STIR MRI sequences at the level of the proximal row of
carpal bones; Fig. 6, transverse T1-weighted and STIR
MRI sequences at the level of the distal row of carpal
bones; and Fig. 7, transverse T1 and PD-weighted MRI
sequences at the level of the proximal metacarpal region).
The cortex and subchondral bone had smooth outlines.
The radial medulla expressed marked hyperintensity and
the cortex showed homogenous hypointensity. The ante-
brachiocarpal, midcarpal and carpometacarpal articular
cartilage was depicted with intermediate signal intensity
on the T1- and T2- weighted imaging sequences particu-
larly on the sagittal (Fig. 2) and dorsal (Fig. 3) plane MRI
images. The medulla of carpal bones showed decreased
intensity compared to the radius and metacarpus in the
T1 and T2 images.

The carpus of the dromedary comprised numerous
soft tissue structures including the radial carpal exten-
sor, common digital extensor, ulnar carpal extensor, lat-
eral digital extensor, oblique carpal extensor, radial carpal
flexor, ulnar carpal flexor, superficial digital flexor (SDFT)
and deep digital flexor (DDFT) tendons; the superficial
long and deep short divisions of the medial and lateral
collateral ligaments; the short inter-carpal and palmar
ligaments, and the accessory carpal ligaments.
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Fig.2 Sagittal T1 (A), T2 (B), STIR (C) and PD -weighted (D) high-filed MRl images obtained in the axial aspect of the carpus at the level of the intermediate
carpal bone. Dorsal is to the left. R, radius; Ci, intermediate carpal bone; Ca, accessory carpal bone; Ill, 3rd metacarpal bone; F, fat pad; 1, common digital
extensor tendon; 2, deep digital flexor tendon; 3, ulnar carpal flexor tendon; 4, radial carpal extensor tendon; 5, superficial digital flexor tendon; 6, articular
cartilage of the antebrachiocarpal joint; 7, articular cartilage of the middle inter-carpal joint; 8, articular cartilage of the carpo-metacarpal joint; 9, synovial
fluid; 10, accessory quartal ligament

Fig. 3 Dorsal T1 (A) and T2-weighted (B) high-filed MRl images at the level of the collateral ligaments. R, radius; Rc, radial cortical bone; Cu, ulnar carpal
bone; Ci, intermediate carpal bone; Cr, radial carpal bone; C2, 2nd carpal bone; C3, 3rd carpal bone; C4, fourth carpal bone; Ill, 3rd metacarpal bone; Vi,
fourth metacarpal bone; 6, articular cartilage of the antebrachiocarpal joint; 7, articular cartilage of the middle inter-carpal joint; 8, articular cartilage of
the carpometacarpal joint; 11, short intercarpal ligaments; 12, long lateral collateral carpal ligament; 13, proximal part of the short lateral collateral carpal
ligament; 13, distal part of the short lateral collateral carpal ligament; 14, long medial collateral carpal ligament; 15, proximal part of the short medial col-
lateral carpal ligament; 15 distal part of the short medial collateral carpal ligament
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Fig.4 TransverseT1 (A) and T2-weighted (B) high-filed MRl images at the level of the distal radius. Medial is to the left. R, radius; Ca, accessory carpal bone;
1, common digital extensor tendon; 2, deep digital flexor tendon; 4, radial carpal extensor tendon; 4, tendon sheath of the radial carpal extensor tendon;
5, origin of the superficial digital flexor tendon; 12, long lateral collateral carpal ligament; 13, proximal part of the short lateral collateral carpal ligament;
14, long medial collateral carpal ligament; 15, proximal part of the short medial collateral carpal ligament; 16, lateral digital extensor tendon; 17, extensor
retinaculum; 18, radial carpal flexor tendon; 19, median artery; 20, median vein; 21, median nerve; 22, flexor retinaculum

Fig. 5 Transverse T1 (A) and T2-weighted (B) and STIR (C) high-filed MRI images at the level of the proximal row of carpal bones. Cu, ulnar carpal bone;
Ci, intermediate carpal bone; Cr, radial carpal bone; Ca, accessory carpal bone; 1, common digital extensor tendon; 2, deep digital flexor tendon; 4, radial
carpal extensor tendon; 4; radial carpal extensor tendon sheath; 5 origin of the superficial digital flexor tendon; 12, long lateral collateral carpal ligament;
13, proximal part of the short lateral collateral carpal ligament; 14, long medial collateral carpal ligament; 15, short medial collateral carpal ligament; 16,
lateral digital extensor tendon; 17, extensor retinaculum; 18, radial carpal flexor tendon; 19, median artery; 20, median vein; 21, median nerve; 22, flexor
retinaculum

The radial carpal extensor tendon was observed while
crossing the dorsal surface of the carpal joint and fol-
lowed to its insertion on the third metacarpal bone.
Lateral to the radial carpal extensor tendon, the com-
mon digital extensor tendon was detected and both
tendons could be discriminated on the T1-, T2-, and PD-
weighted images due to their clear borders and uniform
hypointensity in relation to the surrounding structures
(Fig. 4).

The oblique carpal extensor tendon was hypointense
and was infrequently seen on either the latero-distal
aspect of radius or medial to the metacarpus. Both the
lateral digital extensor and the ulnar carpal extensor ten-
dons expressed homogenous hypointensity on either of
the T1- weighted, T2- weighted, or PD- weighted MRI
images. The ulnar carpal flexor tendon was traced pal-
maro-laterally and the radial carpal flexor tendon was
assessed palmaro-medially with uniform clear borders
and showed hypointense signals on the T1-, T2-, and
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Fig. 6 Transverse T1-weighted (A) and STIR (B) high-filed MRI images at the level of the distal row of carpal bones. Medial is to the left. C2, 2nd carpal
bone; C3, 3rd carpal bone; C4, 4th carpal bone; 1, common digital extensor tendon; 2, deep digital flexor tendon; 4, radial carpal extensor tendon; 5, su-
perficial digital flexor tendon; 11, short inter-carpal ligament; 12, long lateral collateral carpal ligament; 13; short lateral collateral carpal ligament; 14, long
medial collateral carpal ligament; 15, short medial collateral carpal ligament;16, lateral digital extensor tendon; 18, radial carpal flexor tendon; 19, median
artery; 20, median vein; 23, radial artery; 24, radial vein; 25, accessoriometacarpal ligament

Fig. 7 TransverseT1 (A) and PD-weighted (B) high-filed MRl images at the level of the proximal metacarpal region. Medial is to the left. Ill, 3rd metacarpal
bone; VI, 4th metacarpal bone; 1, common digital extensor tendon; 2, deep digital flexor tendon; 4, radial carpal extensor tendon; 5, superficial digital
flexor tendon; 12, long lateral collateral carpal ligament; 13 distal part of the short lateral collateral carpal ligament; 14, long medial collateral carpal liga-
ment; 15, distal part of the short medial collateral carpal ligament; 16, lateral digital extensor tendon; 18, radial carpal flexor tendon; 19, median artery; 20,
median vein; 23, radial artery; 24, radial vein; 25, accessoriometacarpal ligament

PD- weighted MRI images. The SDFT and DDFT were
depicted palmary on the carpus and showed homoge-
nous hypointensity. The flexor retinaculum enclosed the
palmar structures of the carpus and presented homoge-
neous hyperintensity on all pulse sequences (Figs. 5 and
6).

The dromedary camel collateral carpal ligaments com-
prised of the medial and lateral collateral parts on either
side of the joint. Each collateral ligament presented a
superficial long division and deep short subdivisions that
could be seen and discriminated on the MRI images. On
the medial side of the joint, the long collateral division

originated from the medial radial styloid process and
terminated disto-palmarly on the medio-palmar crest
of the metacarpus, where it was blended to the origin of
the SDFT (Fig. 7). The short fascicles of the medial col-
lateral ligament were connected to the radial, the second
and third carpal bones. The medial and lateral collateral
carpal ligaments exhibited heterogeneous signal intensity
at its origin and insertion and homogenous hypointen-
sity during its course on the medial and lateral aspects of
the carpus, on all MRI sequences. On the medio-palmar
crest of the metacarpus, the insertion of the medial col-
lateral ligament and the origin of the SDFT could not be
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differentiated. The lateral collateral ligament commenced
at the lateral styloid process and terminated on the proxi-
mal end of the lateral metacarpal bone. The deep short
bands of the lateral collateral division stretched between
the radius and the ulnar carpal bone; connected among
the ulnar and the fourth carpal bones; and attached
between the fourth carpal bone and the proximal
metacarpus.

Ligaments supporting the accessory carpal bone (the
accessory ulnar, the accessory carpoulnar, the accessory
quartal and the accessory metacarpal ligaments) exhib-
ited heterogeneous signal intensity and could be seen
in the sagittal and transverse MRI images. The palmar
carpal ligaments and the transverse inter-carpal liga-
ments expressed intermediate intensity on the T1 and T2
images and were best assessed on the dorsal and trans-
verse plane images. Dorsally on the carpus, a fat pad of
variable size and heterogeneous intensity was depicted in
the dorsal aspect of the carpus at the level of the ante-
brachiocarpal and midcarpal joints.

The antebrachiocarpal joint had a small dorsal pouch
and a large palmar pouch, contains some synovial fluid.
The midcarpal joint also had a small dorsal pouch with
a minimal amount of synovial fluid, and a larger palmar
pouch. The lateral palmar pouch was markedly extended
and could be recognized below the accessory carpal bone
between the lateral collateral ligament and the ulnar car-
pal extensor. The dorsal pouch of the carpometacarpal
joint contains minimal synovial fluid. Its palmar pouch
extends distally to a variable degree on both medial and
lateral sides. Synovial fluid had high signal intensity on
PD, T2, and STIR images and intermediate signal inten-
sity on T1 images. The pre-carpal bursa was difficult to
identify in normal camels, although on T2 and PD images
it might be possible to visualize small amounts of fluid
near the proximal and distal extents.

Discussion

To the best of our knowledge, the present study is the
first report describing the MRI features of the dromedary
camel carpal articulations. The developed MRI protocol
in this study was valuable for defining the signal intensity
of the most significant structures in the carpal region. It
permitted a distinctive depiction of articular cartilage,
cortical and subchondral bone as well as the ligamen-
tous and tendinous structures, which is not completely
possible by other diagnostic modalities. The obtained
results are in agreement with previous reports in horses
and cattle confirming that MRI offers the best evaluation
technique for all anatomical structures in the carpal joint,
particularly the soft tissue structures [5, 8, 15]. The MRI
sequences used in this study were selected as they were
successfully used for assessment of the carpal region in
equine, bovine and canine [15-17]. The MRI settings
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were reflective of the parameters used in equine ortho-
pedic MRI and the acquisition durations for the used
sequences were satisfactory if used in clinical patients
[18]. The resultant images afforded excellent definition
and the bony and soft tissue structures were definitely
recognizable. Although T1, T2, PD and STIR imag-
ing sequences were produced for this study, the T1 and
PD images showed superior anatomic description. T2
weighted images were of great value concerning synovial
structures and STIR images were informative for the high
fat content structures [8].

In this study, all bones of the camel carpus were eas-
ily recognized and the signal intensity of each individual
structure could be determined. The radial and metacar-
pal medulla expressed hyperintensity, the carpal articu-
lar cartilage showed intermediate signal intensity and
the cortical bone exhibited hypointensity on T1 and T2
sequences. These findings shared similarity with horses
[5] and cattle [15]; however, in horses, the distal row of
carpal bones includes an additional bone, the first carpal
bone [19] and the carpometacarpal articular cartilage
was not seen clearly [5]. In cattle, the second and third
carpal bones are united [20].

Carpal tendons in the current study had clear margins,
homogenous hypointensity and could be discriminated
and traced on each side of the carpal region. Dorsally on
the carpus, the radial carpal extensor, common digital
extensor and the lateral digital extensor tendons could
be evaluated. Caudo-laterally, the ulnar carpal extensor
and ulnar carpal flexor tendons were outlined. While
palmary, the radial carpal flexor, SDFT and DDFT ten-
dons were investigated. In horses and cattle [5, 15], the
flexor and extensor tendons showed similar attitude;
however, the SDFT in these species contained consider-
able amount of muscular tissue that appeared as areas of
intermediate signal intensity in T1 and T2 sequences. In
dromedaries, the proximal muscular part of the super-
ficial digital flexor muscle is absent and the SDFT arises
from the accessory carpal bone [1].

In horses, MRI is the cornerstone for investigation of
soft tissue disorders [21]. MRI showed numerous mer-
its compared with the other traditional (radiography/
ultrasonography) or recent (nuclear scintigraphy/com-
puted tomography) diagnostic imaging modalities. MRI
is non-invasive, biologically safe and affords multi-planar
three-dimensional imaging capabilities. MRI enables
visualization of both bones and soft tissues concurrently
and discriminates the diseased area out of the surround-
ing normal tissues by using of various imaging sequences.
Although computed tomography can be used to evalu-
ate bone and soft tissues, MRI provides superior soft
tissue contrast than computed tomography [22]. Cur-
rently, development of practical MRI in dromedary cam-
els remained in its infancy and optimization of the use of
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MRI techniques is still in progress: however, its use for
evaluation of certain regions in camels was performed
successfully [23]. We believe that this technique could
revolutionize the assessment of certain musculoskeletal
lesions in camels, particularly athletic camels.

Carpal lameness may occur in camels of all breeds and
disciplines but it is most prevalent in athletic camels.
Repetitive impact loading on the carpus during training
and racing may lead to subchondral bone sclerosis and
may result in osteochondral fragmentation, osteoarthri-
tis and carpal bone fractures. Carpal lameness may also
result from trauma due to falls or other injuries. While
many of these injuries can be evaluated sufficiently well
using radiography and ultrasonography, MRI seems to be
useful to further evaluate the extent of injury. Further-
more, MRI may demonstrate pathology in the absence of
positive findings with other imaging tools.

Conclusions

This study portrayed camel carpal joint in multiple
sequences and planes and revealed variability in the MRI
appearance of the soft-tissue and bone structures of the
dromedary camel carpal joint. T1- weighted and PD
sequences were useful for bone and soft tissue evalua-
tion and produced high-resolution anatomic images with
relatively good signal strength. T2-weighted images were
particularly useful for evaluating synovial structures. Pre-
cise analysis of clinical MRI examinations necessitates a
deep knowledge of the normal MRI features of various
structures in the region of interest. The obtained images
are thought to be of value for understanding other diag-
nostic imaging modalities and could be supportive for
interpretation in clinical circumstances.

Methods

Animals

Twelve forelimbs (6 left and 6 rights) were harvested
from 6 clinically normal adult camels (3 males and 3 non
pregnant females; age range, 8—14 years; and weight,
430-570 kg). Camels were belonging to the farm of the
King Faisal University and were euthanized at the Veteri-
nary Teaching Hospital, College of Veterinary Medicine,
King Faisal University for reasons unrelated to the study
or orthopedic problems. Animals were euthanized by IV
injection of sodium pentobarbital in a dose rate of 40 mg/
kg. Instantly after euthanasia, limbs were disarticulated
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at the shoulder joint and scanned fresh within 2 h to
avoid imaging artifacts. Limbs were physically examined
and radiographed and no abnormalities were identified.

MRI protocol

The limbs were placed on the lateral side in the central
bore of a 1.5 Tesla Magnetom Sempra MRI system (Sie-
mens Healthcare GmbH, Erlangen, Germany) using
human extremity coil. An initial three-plane localizer
image was acquired to confirm accurate limb placing
and sequence alignment. The scanning sequence pro-
tocol was T1-weighted (T1), T2-weighted (T2), proton
density-weighted (PD) turbo spin echo (TSE) and Short
Tau Inversion Recovery (STIR). In each MRI sequence,
the carpal region was scanned in transverse, sagittal
and dorsal planes from the distal aspect of the radius to
the proximal metacarpal region. The sagittal slices were
aligned perpendicular to the palmar aspect of the carpal
bones along the long axis of the limb, and the transverse
slices were aligned perpendicular to the dorsal aspect of
the carpus on the sagittal image and parallel to the carpal
joint spaces on the dorsal image. The dorsal slices were
obtained from the dorsal aspect of the carpus to the pal-
mar aspect of the carpal bones and were aligned parallel
to the dorsal aspect of the carpus (Fig. 1). The technical
parameters for each MRI sequence are summarized in
Table 1.

Survey computed tomography

Three cadaveric limbs were scanned using a multi-detec-
tor CT scanner (Siemens; Siemens GmbH, Germany).
The scanner settings were: 100 kV, 100 mA, slice thick-
ness of 3 mm, window width of 2700 and window level
of 350 Hounsfield Units and matrix size of 512 pixels.
Images were reconstructed and a three-dimensional
image was generated to demonstrate the levels of the
selected MRI images.

MRl interpretation

The obtained MRI images were analyzed, various soft
and osseous structures were recognized and the signal
intensity of individual structure on each MRI sequence
was evaluated and recorded. MRI imaging findings were
reviewed by the authors. If a discrepancy in opinion
was evident, authors met and a consensus opinion was
formulated.

Table 1 High-field 1.5 Tesla MRI parameters for examination of the dromedary camel carpal joint

Sequence Echo time (msec) Repetition time (msec) Flip angle Field of view Matrix Slice thickness (mm) Gap
Size (mm)

T 28 670 90° 512x512 192x136 4 1

T2 120 4175 90° 24x184 256X 256 4 1

PD 100 2370 90° 24x24 192 %256 4 1

STIR 45 1490 90° 24x24 192 %256 4 1




Nahas and Hagag BMC Veterinary Research (2024) 20:394

Abbreviations

MRI Magnetic resonance imaging
cT Computed tomography

TSE Turbo Spin-echo

T1 T1- weighted turbo spin echo
T2 T2- weighted turbo spin echo
PD PD- - weighted turbo spin echo
STIR Short Tau inversion recovery

Sl Signal intensity

DDFT  Deep digital flexor tendon
SDFT  Superficial digital flexor tendon
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