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Background: Palmar region of metacarpus in the horses and donkeys is an 
important region because of its tendons and ligaments which contribute to stay 
apparatus. This study was done on forelimbs of 6 healthy Miniature donkeys to 
detect the tendons, ligaments and their accessories on the palmar surface of 
metacarpus in this animal.
Materials and methods: Based on that magnetic resonance imaging (MRI) is  
a good technique to evaluate the soft tissues such as tendons and ligaments, 
palmar aspects of metacarpus in 6 euthanatised Miniature donkeys were prepa-
red for anatomical and trans-sectional MRI studies to determine the tendons and 
ligaments in this region. 
Results: Suspensory ligament, deep digital flexor tendon and its inferior check 
ligament were similar to them in the horse. Superficial digital flexor tendon (SDFT) 
in this animal had superior check ligament that was present before the carpal 
joint. On the other hand in the Miniature donkey there was a second accessory 
ligament for the SDFT that originated from the proximal of palmar surface of the 
large metacarpal bone which we named it second accessory ligament of SDFT. 
This ligament was determined in the MRI images too.
Conclusions: It seems that this ligament helps the Miniature donkey to stay 
apparatus, supporting more weight and load for a longer period of time and 
distance which is a specific morphological feature in this animal. (Folia Morphol 
2017; 76, 1: 110–116)

Key words: Miniature donkey, superficial digital flexor tendon, second 
accessory ligament

IntroductIon
Equidae typically support a greater proportion of 

their body weight with their forelimbs during steady 
state locomotion [12, 31].

The horse has developed tendinous-ligamentous 
support mechanisms, the stay apparatus, present in 
both the fore- and hindlimbs, which allow this species 
to support their body weight with a minimum of mus-
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cular effort and reduce muscle fatigue. The efficient use 
of this apparatus enables the horse to stand for long 
periods whilst resting. Tendons and ligaments in the 
palmar surface of metacarpal region are suspensory 
ligament, superficial digital flexor tendon (SDFT) and 
deep digital flexor tendon (DDFT) [4, 9, 24, 28].

The suspensory ligament on the palmar aspect of the 
third metacarpus is one of the most essential anatomical 
features of the stay apparatus. It serves as the main sup-
port for the fetlock, preventing excessive overextension 
and reducing concussion of the fetlock during locomo-
tion. The superficial and deep digital flexor tendons 
supplement the suspensory ligament in this function. 
They are restricted by the accessory ligament between 
the distal end of the radius and the SDFT (superior check 
ligament [SCL]) and the accessory ligament between the 
carpus and the DDFT (inferior check ligament [ICL]). The 
suspensory ligament and the two digital flexor tendons 
operate in series. As the fetlock joint is extended by the 
body weight, the suspensory ligament tightens; this is 
followed by the extension of the superficial and the 
deep digital flexor tendons [7, 24]. 

With magnetic resonance imaging (MRI), an image 
is obtained based on the magnetic properties of the 
tissue [29]. MRI enables the detection of small and 
subtle lesions without the presence of gross structural 
changes [16]. 

In equine medicine, several systems are used, 
ranging from low field (0.2 T) to high field (1.5 T) [29]. 
Both low-field and high-field MRI give comparable 
data about abnormal structures, although lesions 
are more detailed with a high field MRI [21]. MRI is 
useful for evaluating bone and soft tissues in equine 
[2, 32, 33]. There is only limited information available 
on normal MR anatomy of the proximal metacarpal 
region in the horse [2, 27], and the appearance of the 
proximal metacarpal region has not been described 
in the Miniature donkey.

The aim of this study was to describe the liga-
ments and tendons on the palmar aspect of the 
metacarpus in the Miniature donkey by anatomical 
dissection and MRI technique.

MAterIAls And Methods
All procedures involving the experimental use of 

animals were approved by the Animal Ethics Commit-
tee, a branch of the Research Council of the Veterinary 
School in Shahid Bahonar University, Kerman Prov-
ince, Iran, and administered by the National Animal 
Ethics Advisory Committee.

Six four to seven-year-old healthy Miniature 
donkeys euthanatised with a combination of em-
butramide, mebenzonium iodide, and tetracaine hy-
drochloride (4–6 mL/50 kg) injected IV via the vena 
jugularis for reasons unrelated to the musculoskeletal 
system and right forelimbs were collected. Then limbs 
were cut at the junction of the proximal one-third and 
distal two-thirds of the humerus and frozen within 
6 h after euthanasia. They were stored at –20°C and 
thawed at room temperature for 24 h before image 
acquisition. Low-field imaging was performed se-
quentially. One freeze-thaw cycle does not influence 
MRI quality [22, 30].

Low-field images were obtained in a 0.27 T open 
magnet using a custom-made radiofrequency coil 
for equine limbs and included motion insensitive 3D 
T1- and T2-weighted gradient echo (GRE), 2D proton 
density (PD) spin echo (SE), 2D T2-weighted fast spin 
echo (FSE) and motion insensitive STIR FSE sequenc-
es in transverse plan. The sequences were those used 
routinely in clinical scanning at the Animal Health 
Trust. All images were assessed subjectively by the 
same analyst. Repeatability of image analysis was  
assessed 6 times in 6 limbs at different levels in  
6 donkeys. Three limbs that had been scanned 
previously were used for producing anatomic speci-
mens in transverse slices to allow for comparison 
with MRI. 

Also three of them that had not been used to 
produce the transverse slices, were dissected. At first, 
the skin and superficial fascia, and then deep fascia, 
were removed. The carpal canal was then opened at 
the palmar surface by cutting the flexor retinaculum 
to detect the tendons and structures passing from it. 
Finally tendons and ligaments at the palmar surface 
of the metacarpus were dissected from antebrachium 
to fetlock joint separately.

Normal MR anatomy was described by comparison 
of images with anatomic specimens and texts [4, 9, 
24]. The same numbering system is used to indicate 
each anatomic structure in each figure [22].

results
Anatomical findings

The suspensory ligament (or middle interosseus 
muscle) was a strong tedious band which arose 
mainly from the proximal end of the cannon bone 
and the distal row of the carpal bones. It took the 
form of a uniform ligament which passed between 
the two splint bones (Fig. 1A, B; ‘1’). This ligament 



112

Folia Morphol., 2017, Vol. 76, No. 1

was divided into two diverging branches which were 
inserted on the proximal concave abaxial surfaces of 
sesamoid bones. Each branch was extended a bond 
obliquely medial and laterally to join the common 
digital extensor tendon on the dorsal aspect of the 
first phalanx. The two branches were supported by  
a small bursa. It is noticeable that no bundles were seen  
in any limbs between suspensory ligament and DDFT, 
SDFT, ICL and second accessory ligament of SDFT.

Lateral and medial interosseus muscles were small 
and each one and lay on each side of the flexor ten-
dons above the fetlock joint.

Superficial digital flexor muscle was triangular 
in shape; most part of it was covered by the flexor 
carpi ulnaris. This muscle originated on the medial 
humeral epicondyle and covered the deep digital 
flexor muscle. Its belly formed a strong tendon at 
the level of the carpus, where it was combined with 
a strong fibrous band, accessory ligament or SCL, 
which originated from the caudomedial surface of 
the radius and blended with SDFT.

The SDFT passed distally trough the carpal canal 
to the palmar aspect of the metacarpus. It was en-
veloped by the carpal synovial sheath together with 
the DDFT which was accompanying it from proximal 
of the carpus to the middle of the metacarpus. SDFT 
lay mediopalmar to the deep flexor tendon in this 
region (Fig. 1A, B; ‘3‘ and Fig. 2; ‘1’). 

A second accessory ligament of SDFT with strong 
collagenous band was originated from the deep fascia 
of the palmar carpal region (deep palmar carpal liga-
ment) at the level of the proximal one eighth of the 
lateral surface of the metacarpus and joined to the 
SDFT at this side. It was as thick as the SCL. A com-
mon tendon with SDFT was then formed at the upper 
quarter of the metacarpus and passed to the digits 

(Fig. 1A, B; ‘2’ and Fig. 2; ‘2’). According to Figures 
1 and 2, there wasn’t any connection between SDFT 
or second accessory ligament of SDFT and DDFT, ICL 
supensory ligament, and flexor retinaculum. It is no-
ticeable that the origin of this ligament was similar 
to origin of ICL.

The deep digital flexor muscle consisted of three 
heads. The humeral head originated from the medial 
epicondyle of the humerus and run to the caudal 
surface of the radius and was almost completely 
covered by the superficial flexor muscle. The ulnar 
head had an origin on the medial aspect of the olec-
ranon. Initially, it lay superficially between the flexor 
and extensor carpi ulnaris muscles and then became 
tendinous to pass distally between the humeral head 
and the extensor muscle of the ulnar carpal bone. It 
finally joined with the main tendons near the carpus. 
The radial head arose as a flat muscle belly from the 
caudomedial aspect of the radius at about the mid-
dle third of the forearm. Its tendon blended with the 
chief tendon near the distal end of the radius. The  
tendons were then constituted the DDFT (Fig. 1A, B; ‘5’  
and Fig. 2; ‘3’). It passed over the flexor aspect of  
the carpus, medial to the accessory carpal bone. Distal 
to the carpal joint, this tendon became roundish and 
was in close relation with the SDFT but there wasn’t 
connection between them. In the upper quadrant of 
the metacarpus, an accessory ligament or ILC, that 
was a continuation of the deep palmar carpal liga-
ment after the carpal joint, and was making from 
collagenous strong bands, connected to it. It was lo-
cated between the interosseus and the DDFT (Fig. 1A, 
B; ‘4’ and Fig. 2; ‘4’). During the carefully dissection, 
no bundles were seen in any limbs between ICL and 
flexor retinaculum, or between ICL and either SDFT 
or DDFT. In other words, ICL only merged with DDFT.

Figure 1. A. Transverse section of metacarpal bones and tendons of this region, obtained 2 cm and 4.5 cm (B) distal to the metacarpal joint. 
Images shown in this figures were obtained in the same limb at two different levels; 1 — suspensory ligament; 2 — second accessory liga-
ment of superficial digital flexor tendon (SDFT); 3 — SDFT; 4 — inferior check ligament; 5 — deep digital flexor tendon.
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In the distal quarter of the metacarpus, above the 
gliding surface of the sesamoid bones, the superfi-
cial tendon enclosed the deep tendon — like a cuff 
(manica flexoria). The two tendons were thus inti-
mately associated as they continued over the palmar 
aspect of the fetlock.

MRI findings

The medulla of the third metacarpal bone had 
heterogeneous intermediate signal intensity on T1 
and T2 GRE images and the signal intensity increased 
distally. The cortex had homogeneous low signal in-
tensity. The thickness of the dorsal, palmar, medial, 
and lateral cortices increased from proximal to distal. 
The smoothness of the periosteum was often difficult 
to evaluate at the origin of the suspensory ligament, 
because both the cortex and the suspensory ligament 
had low signal intensity. The cortices of the second 
and fourth metacarpal bones had low signal intensity 
and were thicker on the abaxial aspect of the bones. 

The majority of the fibres of the suspensory ligament 
originated from the proximal palmar cortex of the third 

metacarpal bone, but there were additional fibres origi-
nating from the palmar aspect of the third carpal bone. 
The suspensory ligament was a bilobed structure proxi-
mally. The two lobes merged a few distance distal to 
the carpometacarpal joint. The suspensory ligament was 
surrounded by loose connective tissue, which had inter-
mediate to high signal intensity in all image sequences. 
Low signal intensity bundles were seen between the 
proximal aspect of the suspensory ligament and the 
palmar aspect of the third metacarpal bone at a variable 
proximodistal location in all donkeys. Similar bundles 
were seen between the suspensory ligament and the 
accessory ligament of the deep digital flexor tendon in 
all donkeys. From 1 cm distal to the site where the fibres 
from the palmar carpal ligament and the fibres from 
the third carpal bone join, the accessory ligament of the 
deep digital flexor tendon, second accessory ligament 
of superior digital flexor tendon and the suspensory 
ligament were clearly separated (Fig. 3A, B; ‘1’). 

The deep digital flexor tendon had a triangular 
or tear-drop shape, with its apex pointing medially 
at the level of the carpometacarpal joint; it became 

Figure 2. A. Radius; B. Metacarpus; Ligaments that origin from deep fascia of palmar surface which join to the superficial digital flexor tendon 
and deep digital flexor tendon in palmar view of metacarpus. 1 — superficial digital flexor tendon; 2 — second accessory ligament of superficial 
digital flexor tendon; 3 — deep digital flexor tendon; 4 — inferior check ligament; 5 — deep palmar carpal ligament; 6 — suspensory ligament.
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more round distally (Fig. 3A, B; ‘5’). The accessory 
ligament of the deep digital flexor tendon was  
a distal continuation of the palmar carpal ligament  
and had fibres originating from the palmar as-
pect of the third carpal bone that was similar to 
second accessory ligament of SDFT. At the level of 
the carpometacarpal joint it had heterogeneous 
intermediate signal intensity, ill-defined margins 
and was located dorsal to the deep digital flexor 
tendon. Distally, the margins became better defined 
and the signal intensity more homogeneous. On T1- 
and T2-weighted GRE sequences it had low signal 
intensity in PD SE, FSE, and STIR sequences. As  
a result, on transverse images the accessory liga-
ment of the deep digital flexor tendon had homo-
geneous or heterogeneous signal intensity, cor-
responding to the location of the bands on the 
sagittal images (Fig. 3A, B; ‘4’). 

The superficial digital flexor tendon had uniform 
low signal intensity and smooth, well-defined mar-
gins. On transverse images, it had tear-drop shaped, 
with its lateral aspect more narrow and pointed. Fur-
ther distally, it became an oval shape (Fig. 3A, B; ‘6’).  
A ligament that we named the second acces- 
sory ligament of the SDFT was a distal continuation 
of the palmar carpal ligament and had fibres that 
originated from the palmar aspects of the third 
carpal bone. This new ligament had heterogeneous 
intermediate signal intensity, ill-defined margins and 
was situated dorsal to the deep digital flexor tendon 
near the accessory ligament of DDFT (Fig. 3A, B; ‘2’).

dIscussIon
In quadrupeds, the centre of gravity is located in 

the body centre of a standing animal and shifts around 

the centre during locomotion [1]. The efficient use of 
the stay apparatus enables the horse to stand still for 
a long period whilst resting [6]. The major role of the 
forelimb is to support the body weight [24]. A greater 
proportion (60%) of the body weight of the horse is 
borne on the front legs [18]. However, the load at 
the stance phase in Thoroughbred racehorses was 
recorded as 120% of the body weight during trot [11], 
120–150% of the body weight during canter [19] and 
170% of the body weight during gallop [15]. During 
walking, trotting and galloping, the forelimbs bear 
more weight than the hindlimbs [10].

The stay apparatus prevents excessive dorsal flex-
ion of the fetlock. It also limits palmar flexion by 
means to the common digital extensor tendon and 
diminishes concussion [24, 28].

The large (third) metacarpal bone (MC2) bears 
most of the weight, but the small second and fourth 
bones (splint bones) also bear weight from the carpus 
even though they have no distal means of support [6]. 
Additionally, the MC3 in the stance phase is primarily 
loaded in axial compression [20].

The carpus is predisposed to effortless weight 
bearing since the long axis of the radius and the 
cannon bone are approximately in the same vertical 
line. It is prevented from bucking forwards by the 
lacertus fibrosus which inserts on the caudal aspect of 
the carpus, the ligaments of the accessory bone and 
the accessory ligaments of the superficial and deep 
digital flexor tendons (SCL and ICL) [6].

Suspensory ligament, SDF and DDF muscles are 
all active during stance and are thought to support 
body weight [12].

Similar studies have concluded that the interos-
seus-sesamoidean suspensory apparatus absorbs the 

Figure 3. Transverse low-field magnetic resonance images obtained 2 cm (A) and 3 cm (B) distal to the carpometacarpal joint. A, B. Trans-
verse proton density image. Medial is to the left and dorsal to the top; 1 — suspensory ligament; 2 — second accessory ligament of super-
ficial digital flexor tendon (SDFT); 3 — flexor retinaculum; 4 — inferior check ligament; 5 — deep digital flexor tendon; 6 — SDFT.
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initial concussion when the hoof strikes the ground. 
As the fetlock joint starts to hyperextend, the digital 
flexor tendons act to fetlock joint angulation [6]. 
The primary function of the suspensory ligament is  
to provide the proximal support of the fetlock  
[4, 24]. The tension of the suspensory ligament on 
the sesamoid bones that is transmitted to the palmar 
surface of the proximal and middle phalanges by the 
sesamoid ligaments has an important role to body 
weight tolerance [6].

The suspensory ligament and two digital flexor 
tendons operate in series. As the fetlock joint is ex-
tended by the body weight, the suspensory ligament 
tightens, this is followed by the superficial and then 
deep digital flexor tendons [26, 28]. Digital flexors 
by their respective tendons provide the thoracic limb 
with a series of ligaments that act as a passive of the 
stay apparatus that provides primary resistance to 
over extension of joints during the support phase of 
the gait [6, 8].

In this study, suspensory ligament and its exten-
sor branches were similar to the horse. According to 
our findings, ICL was merged with DDFT in the upper 
quadrant of the metacarpus while it is in the middle 
third of the metacarpus in the horse [4, 6]. Other 
properties of the deep digital flexor muscle and its 
tendon in the Miniature donkey were similar to those 
in the horse [4, 6, 24, 25]. Contrary to our results and 
some previous studies [4, 6, 24, 25], Nagy and Dyson 
[23] reported fibrous bundles between the ICL and lat-
eral aspect of SDFT and DDFT in the horse. According 
to their findings, the bundles were clearly separated 
from the flexor retinaculum. They notified no bundles 
were seen between ICL and the flexor retinaculum 
biaxially, or between the medial aspect of ICL and 
either the SDFT or the DDFT [23]. As mentioned in 
the results, we didn’t find any of these connections in 
our anatomical our MRI findings. According to Figure 
1A (‘2‘, ‘4’), at the proximal extremity of metacarpus, 
the ICL was next to the second accessory ligament 
but there was no connection between them. During 
their continuation to the distal, they took distance 
from each other (Fig. 1B; ‘2‘, ‘4’).

Although properties of SDFT in this study were 
similar to those observed in the horse [4, 6, 24], there 
is no report about the second accessory ligament of 
SDFT till now. It seems that, this ligament developed 
in the Miniature donkey as a reinforcing ligament. 

The main advantage of MRI over radiography 
and diagnostic ultrasound is that it provides both 

anatomical and physiological information in multi-
ple planes. Most of the soft tissues surrounding the 
carpometacarpal and metacarpophalangeal joint can 
readily be identified even with a low field system [17]. 
We used low field system in this study and found this 
new ligament. Our MRI findings about suspensory 
ligament, SDFT, DDFT and accessory ligament of DDFT 
were similar to previous researchers’ findings in the 
horse [3, 5, 13, 14, 22]. 

conclusIons
It seems that there is a specific morphological fea-

ture in Miniature donkey that is associated with run-
ning long distance and with supporting more weight. 
On the other hand, this accessory ligament of the SDFT 
which is found in this breed specifically, can provide 
additional stabilisation and support of SDFT. 
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