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Abstract: The objective of this paper was to describe the anatomy of the stifle joint (Articulatio genus)
of the pampas deer (Ozotoceros bezoarticus, Linnaeus, 1758) by dissection and imaging studies. Twenty-
six pelvic limbs were used for gross dissection, and four stifle regions from two animals were used for
radiography and magnetic resonance imaging (MRI). The stifle joint of the pampas deer comprised the
femoropatellar joint (joint between the distal part of the femur and the patella), and the femorotibial
joint joined the femoral condyles to the proximal extremity of the tibia. The general anatomy of the
stifle joint, including the overall morphology of the joint with its bones, complementary parts, means
of attachment, and anatomical relationships, was like that of other ruminant species of similar size.
Imaging techniques such as MRI allow adequate visualization of most components of the stifle joint.
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1. Introduction

Natively living ruminants have been found on all continents except Antarctica and
Oceania; currently, most species are found in Africa and Eurasia [1]. Most ruminants are
Bovids and Cervids, with the majority being Cervids [2,3]. Cervids are found in South
America and Bovids are found in the wild.

Cervidae is a family of the Order Artiodactyla, included in the Infraorder Pecora
of the Suborder Ruminantia. The pampas deer (Ozotoceros bezoarticus, Linnaeus, 1758)
is the only species of the genus Ozotoceros with two subspecies found in Uruguay,
Ozotoceros bezoarticus arerunguaensis and Ozotoceros bezoarticus uruguayensis, represented
respectively by the populations of El Tapado and Sierra de Los Ajos in Uruguay [4]. The
pampas deer is considered by the IUCN (International Union for Conservation of Nature
and Natural Resources) as a near-threatened species [5], with the possibility of entering the
vulnerable category soon. Scientific knowledge of endangered ruminants is fundamental,
especially for the management of species in captivity. Despite this, basic information is
often lacking for many species.

Ozotoceros bezoarticus deer are medium-sized animals, with males being slightly larger
than females [6]. In wild populations, males reach a length of 130 cm (from the apex of
the nose to the root of the tail), a height of 75cm at the withers, a tail length of 15 cm,
and a weight approximately 35 kg [6]. However, data obtained from animals raised in
semi-captivity indicate a somewhat smaller size [7].

The pampas deer is a relatively lightweight animal and a fast runner, averaging 20
to 30 miles per hour (on rare occasions, the top speed may reach 35 or 40 miles per hour),
although it can only run for short periods of time before becoming fatigued. The life of
the pampas deer in wetlands and flooded lands has developed their ability to run with
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high jumps but also to swim, using mainly their hind legs for powerful propulsion when
running or jumping [8].

Most anatomical studies related to pampas deer have focused on their reproductive
organs [9–12], digestive system [13–15], and cardiovascular system [16–20]. There are still
many organs to be investigated, especially in the locomotor apparatus, where there is an
absence of descriptions.

Studies concerning joints are very scarce. Allen et al. [21] reviewed the macroscopic
anatomy of the sheep stifle joint, and there are detailed descriptions in classical text-
books [22–24]. Magnetic resonance imaging (MRI) would provide additional information
on bone and soft tissue injuries when compared to current imaging techniques such as
radiography and ultrasonography, which provide limited information [25,26]. In addition,
tendons and ligaments are more distinguishable by MRI than by computed tomography
(CT) or ultrasonography [27,28]. An MRI for the study of this joint in sheep was published
by Vandeweerd et al. [29]. Regarding arthrology, very little information has been published
on deer species. Shigue et al. [30] studied the stifle joint in marsh deer by dissection,
radiography, CT, and MRI.

Based on the literature so far, the latter investigations provide the only information on
the macroscopic anatomy of the stifle joint in cervids. Therefore, the objective of this study
was to describe the anatomical features of this joint in animals of the genus Ozotoceros, by
macroscopic dissection, radiography, and MRI.

2. Materials and Methods

The study was carried out with 15 pampas deer species (Ozotoceros bezoarticus spp.)
dead from natural causes and free from obvious pathologies of the locomotor system from
the Estación de Cría de Fauna Autóctona de Pan de Azúcar (ECFA, Maldonado, Uruguay).
Of these animals, 10 were adult females over two years old, and five were juveniles younger
than one year (three males and two females). The mean body mass of the adult females
(n = 10) was 14.5 ± 2.4 kg, and that of the young animals (n = 5) was 4.2 ± 1.3 kg. The
dead animals at the ECFA were collected by local personnel and frozen at −20 ◦C, then
transferred and dissected at the anatomy laboratory of the Veterinary College.

The animals were weighed and measured and then 13 animals (26 pelvic limbs)
were dissected. The animals were studied by simple dissection or with the use of a
binocular loupe. First, the pelvic limb was removed by incising the coxofemoral joint
(Articulatio coxae), and both the femur and the tibia were sectioned by half of their length to
proceed with the isolation of the stifle region and adjacent parts. By means of dissection,
the structures that acted as means of union (tendons, joint capsule, ligaments), menisci,
and in the last stage, the bony parts participating in the joint, were dissected and cleaned.
During and after each stifle dissection, a detailed description of the structures, such as the
articular surfaces of the participating bones, the complementary formations, and the means
of the union of these joints, was also carried out.

Four stifle regions from two adult animals were used for the imaging studies: two for
radiography and two others for MRI. The radiographs were taken at the Veterinary School
using a Vetter-Rems fixed radiology device with a Carestream digitizer, and the MRIs were
taken at the Hospital de Clínicas of the Universidad de la República, with a Siemens 1.5 tesla
resonator. The stifles of these two animals were subsequently dissected and sectioned
longitudinally (sagittally) to compare with the radiological and MRI images obtained.

All data pertaining to each animal and observations made during dissection were
recorded in individual spreadsheets for each specimen. As the dissections progressed,
photographs were taken with a Nikon D7100 digital camera. Each photograph was accom-
panied by an outline indicating the exact structures photographed. After downloading the
photographs to the computer, they were filed in exclusive folders for each animal.

The nomenclature of the online version of the Nomina Anatomica Veterinaria [31] and
their illustrated version [32] were used for the description.
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3. Results

The stifle joint of the pampas deer is a composite, incongruent hinge joint as in other ru-
minants, comprised of the femoropatellar joint (Articulatio femoropatellaris) (joint between the
distal part of the femur and the patella) and the femorotibial joint (Articulatio femorotibialis)
that joined the femoral condyles to the proximal extremity of the tibia.

3.1. Articular Surfaces

From the two condyles of the distal part of the femur, the lateral one (Condylus lateralis)
was larger than the medial (Condylus medialis).

The femoral trochlea (Trochlea ossis femoris) (Figure 1) responded to the patella by
having a deep articular surface located between two prominent reliefs or lips that were
almost equal. The medial and lateral condyles were located caudally on the distal end
of the femur, and the lateral one was more developed. The two condyles (Figure 2) were
separated by the intercondylar fossa (Fossa intercondylaris), which was very large and deep
and terminated caudoproximally at the intercondylar line. The abaxial side of each condyle
had a respective relief called the epicondyle.
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lip of femoral trochlea; (2): femoral trochlea, central depression; (3): lateral lip of femoral trochlea; 

(4): medial condyle; (5): lateral condyle. 

Figure 1. Distal extremity of the left femur of the pampas deer and sheep, cranial view. (1): Medial
lip of femoral trochlea; (2): femoral trochlea, central depression; (3): lateral lip of femoral trochlea;
(4): medial condyle; (5): lateral condyle.

The patella is opposed to the femoral trochlea and has an articular surface composed
of two undulated parts, lateral and medial, separated by a little marked intermediate relief.
The medial surface was wider than the lateral surface (Figure 3).

The tibia had the two tibial condyles (medial and lateral) proximally. Both were weakly
concave from one side to the other and somewhat convex from cranial to caudal. The medial
condyle was broader, and both were elevated against the intercondylar eminence. Both
condyles were separated by the cranial, central (dividing the intercondylar area), and
caudal intercondylar areas. (Figure 4)
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Figure 2. Distal extremity of the left femur of pampas deer and sheep, caudal view. (1): Lateral
condyle; (2): intercondylar fossa; (3): medial condyle.
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Figure 3. Caudal view of the articular surface of the left patella of the pampas deer. (1): Patellar
ligament; (2): medial relief; (3): medial articular surface; (4): lateral articular surface; (5): lateral
parapatellar fibrocartilage; (6): medial parapatellar fibrocartilage.
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Figure 4. Proximal extremity of the tibia of the pampas deer, dorsal view. (1): Tibia tuberosity;
(2): fibula; (3): lateral condyle; (4): central intercondylar fossa; (5): medial condyle.

In the radiograph shown, the bones involved in the joint are clearly visible (Figure 5).
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Figure 5. Left panel: plain radiograph of the left pelvic limb to show the bones involved in the
stifle joint of the pampas deer. (1): Patella; (2): femoral condyle; (3); proximal extremity of tibia.
Right panel: left pelvic limb, lateral view. (4): Patella; (5): patellar ligament; (6): articular capsule;
(7): tibial tuberosity; (8): popliteus muscle.

3.2. Complementary Parts

The complementary parts include the two menisci interposed between the femoral
and tibial condyles and the patellar fibrocartilaginous apparatus.

The lateral and medial menisci (Meniscus medialis and Meniscus lateralis) were fibro-
cartilaginous structures in a somehow semilunar shape (Figures 6 and 7). The medial was
slightly narrower and less thickened than the lateral. Each meniscus had a convex lateral
border, a concave and sharp medial border, a flat distal side, a concave proximal side, and
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two extremities. Both menisci exposed the intercondylar eminence that was placed in the
intercondylar fossa of the femur. The medial meniscus is inserted at its cranial pole into
the cranial intercondylar area, cranial to the insertion of the opposite one, and at its caudal
pole into the caudal intercondylar area. The lateral meniscus was inserted cranially closer
to the intercondylar eminence. The cranial and caudal extremities of both menisci have no
contact with each other, and the transverse ligament of the knee is not present.
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Figure 6. Proximal view of the proximal extremity of the right tibia and its menisci in the pampas
deer. (1): Extensor sulcus; (2): cranial part of the medial meniscus; (3): central part of the medial
meniscus; (4): caudal insertion of the medial meniscus; (5): cranial cruciate ligament; (6): cranial
insertion of the lateral meniscus; (7): central part of the lateral meniscus.
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Figure 7. Cranial view after wide opening of the left stifle joint of the pampas deer. (1): Interme-
diate relief of the patellar articular surface; (2): lateral articular surface of the patella; (3): medial
articular surface; (4): patellar insertion of the patellar ligament; (5): lateral parapatellar fibrocartilage;
(6): synovial stratum of the patellofemoral joint capsule; (7): femoral trochlea; 8: lateral lip of the
femoral trochlea; (9): infrapatellar adipose body.
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The caudal horn of the lateral meniscus was thickened and divided into two parts, one
going to the popliteal incisure of the tibia and the other constituting the meniscofemoral
ligament (Ligamentum meniscofemorale) (Figure 8), which was inserted into the medio-caudal
part of the intercondylar fossa, constituting a means of indirect femorotibial attachment. The
lateral border of the lateral meniscus was crossed obliquely by the tendon of the popliteus
muscle, which was in turn covered by the lateral collateral ligament (Figures 9 and 10).
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Figure 8. Left panel: MRI of the right stifle joint of the pampas deer, caudal view. (2): Meniscofemoral
ligament; (4): lateral meniscus. Right panel: caudal view of the right stifle of the pampas deer after
removal of the gastrocnemius muscles. (1): Medial condyle; (2): meniscofemoral ligament; (3): caudal
cruciate ligament; (4): lateral meniscus.
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Figure 9. Lateral view of the right thigh and leg of the pampas deer after removal of fasciae and gas-
trocnemius muscles. (1): Lateral collateral ligament; (2): tendon of the popliteus muscle; (3): tendon
of the extensor digitorum longus.
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Figure 10. Lateral view of the right femur and leg of the pampas deer after removal of fasciae and
gastrocnemius muscles. (1): Femoral trochlea; (2): lateral collateral ligament incised and reclined
proximally; (3): lateral border of the lateral meniscus; (4): popliteus muscle transversely sectioned at
the level of its tendinous part.

The patellar fibrocartilaginous apparatus (Figures 3 and 7) extended the articular
surfaces of the patella and held it attached to the femoral trochlea. It consisted of two
parapatellar fibrocartilages, one medial and one lateral. The medial one was slightly more
developed than the lateral one.

3.3. Means of Union, Joint Capsule, and Ligaments

The means of attachment consisted of the joint capsule (Capsula articularis) and various
ligaments (Figures 5 and 7). They can be divided into those joining the patella to the femur
and tibia, and those joining the femur to the tibia.

The joint capsule was common to the entire femoropatellar joint (Figure 5). It was
inserted around the distal part of the femur and around the proximal extremity of the tibia.
A thin expansion was directed deep into the intercondylar fossa, covering the abaxial side
of the cruciate ligaments (Ligamenta cruciata), which remained in an extra-articular position.
The capsule cranially joined the parapatellar fibrocartilages. The femorotibial or collateral
ligaments divided it into two parts: the femorotibial capsule caudally and the peripatellar
capsule cranially, which is known as the patellar retinaculum in the parts distal to the
patella, where it was separated into two parts, medial and lateral, by the patellar ligament.

3.4. Patellar Ligaments

There were three ligaments connected to the patella: two femoropatellar and one patellar.
The femoropatellar were one medial and one lateral, very thin fascicles leading from the
corresponding parapatellar fibrocartilage to the corresponding femoral epicondyle. Together
with the fasciae and muscles, they held the patella cranially to the femoral trochlea (Figure 7).
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The patellar ligament (Ligamentum patellae) (Figures 3 and 11) was thick, strong, and
extended from the apex of the patella to the tibial tuberosity. This ligament represented
the indirect continuation of the tendon of the quadriceps femoris muscle, transmitting its
extensor action to the leg. This ligament was flattened from cranial to caudal, and each of its
edges gave insertion to the retinaculae of the patella. The transverse cut shape of the patellar
ligament was an ellipse. Its caudal aspect was related to the femoropatellar synovium, and
distally, it was separated by the infrapatellar adipose body (Corpus adiposum infrapatellare),
a mass of adipose tissue that was well seen on sagittal sections of the joint and on MRI
scans (Figures 7 and 12). There were no other ligaments connecting the patella to the tibia.
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Figure 11. Medial view of the right femur and leg of the pampas deer after removal of fasciae
and gastrocnemius muscles. (1): Patellar insertion of the patellar ligament; (2): patellar ligament;
(3): articular capsule; (4): popliteus muscle.
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Figure 12. Left panel: MRI of the right stifle joint of the pampas deer. (1): Patella; (2): distal part of
Figure 3 infrapatellar adipose body; (4): proximal extremity of tibia. Right panel: medial view of the
right stifle of the pampas deer, sagittal section. (1): Patella; (2): distal part of femur; (3): infrapatellar
adipose body; (4): proximal extremity of tibia.
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3.5. Femorotibial Ligaments

Apart from the fibrous capsule and the femoral insertion of the meniscofemoral
ligament connecting the lateral meniscus to the intercondylar fossa, there were two extra-
articular cruciate ligaments and two collaterals (Figures 6, 9 and 10).

The cruciate ligaments were located adjacent to each other, separated by adipose
connective tissue, and in an oblique arrangement (Figure 6). The cranial cruciate ligament
(Ligamentum cruciatum craniale) extended from the medial aspect of the lateral condyle to
the caudal intercondylar area. The caudal cruciate ligament (Ligamentum cruciatum caudale)
extended from the intercondylar surface of the medial condyle of the femur to the popliteal
incisure of the tibia, caudally to the medial articular surface, lying in the sagittal plane
and crossing in “X” to the cranial cruciate ligament. These ligaments were extra-articular,
interosseous, and covered on their abaxial side by the femorotibial joint capsule.

3.6. Complementary Means of Joining

The stifle joint is supported by powerful tendons that have direct relationships with
the stifle joint. Caudally, the joint is covered by the gastrocnemius muscle (M. gastrocnemius)
and the superficial digital flexor muscle (M. flexor digitorum superficialis). Medially, the
semimembranosus, gracilis, and sartorius muscles (M. semimembranosus, M. gracilis, and
M. sartorius), as well as the fasciae, help in an important way. On the lateral side, situated
the gluteobiceps muscle (M. gluteobiceps) and the tendon of the extensor digitorum longus
toe muscle (M. extensor digitorum longus) (Figure 9). The latter takes its origin between the
lateral condyle and the lateral lip of the trochlea, then passes through the extensor groove
of the tibia and assists in joint containment. The popliteus muscle (M. popliteus) tendon
was located laterally between the lateral meniscus and the lateral collateral ligament
(Figures 9–11). Finally, on the cranial side was the insertion of the quadriceps femoris
muscle (M. quadriceps femoris) tendon, an insertion that kept the patellar and femoropatellar
ligaments taut, which helped transmit their extensor action to the leg.

3.7. Synovial

There was a synovium common to the entire femorotibiopatellar joint. The synovial fluid
present inside the stifle joint was minimal in volume, transparent, and of a viscous consistency.

3.8. MRI and Simple Radiography

Bone surfaces can be easily identified in the images of all the techniques employed
(Figures 8 and 12). Compact bone appeared as a hypointense signal, while cancellous bone
showed heterogeneous signal intensity due to high fat content in the bone marrow and a
trabecular pattern. Articular cartilage appeared as a hyperintense line that was separated
from the subchondral bone by a gray line (moderate signal intensity) (Figure 12). The
medial and lateral menisci showed hypodensity (Figure 12).

The medial and lateral femoropatellar ligaments as well as the meniscofemoral liga-
ment of the lateral meniscus appeared as structures of moderate signal intensity (Figure 8).
The menisci showed a very homogeneous hypointensity. The infrapatellar adipose body
was very clearly and uniformly hypointense (Figure 12).

3.9. Movements

The movements performed by the joint are mainly flexion and extension, with some
rotation and slight lateral movements. The tension of the ligaments, especially the cruciate
ligaments, prevented other movement directions and also the hipper extension and hipper
flexion of the stifle joint.

4. Discussion

Knowledge of the anatomical structures found in wild animals is important for the
veterinary clinic, in surgery, and in human medicine as a laboratory model. The stifle
joint is usually exposed to many problems that may require surgical treatment, such as
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patellar luxation, gonitis (stifle arthritis), synovitis, fracture, meniscal tearing, and a cruciate
ligament sprain in the bovine [33]. In this study, the anatomy of the femoro-tibiopatellar
joint of the pampas deer is described for the first time using simple dissection and imaging
as methods of study.

The overall structure of the stifle joint, including the general morphology of the joint
with its bones and the presence of ligaments and the menisci, is largely conserved among
all terrestrial mammals [34], and in this case, the pampas deer is no exception.

4.1. Articular Surfaces

During the dissection, it was observed that the lateral condyle of the femur was larger
than the medial one, and this is similar to goat and dog, as evidenced in the study of
Abumandour et al. [35].

Unlike other ruminants but especially compared to sheep, the trochlea in pampas deer
was deeper, and their lips were almost symmetrical. Janis et al. [36] studied the asymmetry
of the lips of the trochlea femoris in many ungulate species and mention that in species
weighing less than 100 kg, there is little asymmetry. The reasons that explain the asymmetry
presented by large ungulates in the trochlea femoris have not yet been found [36]. The
asymmetry presented by the pampas deer is almost nonexistent, which coincides with the
observation of these authors as it is a species of small size.

The bones involved in the stifle joint of the pampas deer were the femur, tibia, and
patella. The patella is the largest sesamoid bone found in the animal’s body, and its
morphology is similar to that found in the lion [37] and the Indian muntjac [38]. In the
pampas deer stifle joint, the patella was the only sesamoid bone, as in Marsh deer, free-
ranging deer, or other ruminants such as cattle [22], where no other sesamoid bones were
found in this joint, even when analyses were performed on radiographs. Sesamoid bones
have been reported in the stifle joint of the dog [39], in the ring-tailed lemur [40], and in the
gastrocnemius muscle of the paca [41].

In relation to the size of the patellar articular surfaces, it was the same as what was
described for other ungulates, where the medial one was wider [24]. In general, the
conformation of the bones participating in the joint was like that described for marsh
deer [42].

4.2. Means of Attachment, Joint Capsule, and Ligaments

These structures were like those described in cervids [30] and small domestic rumi-
nants [22–24].

The medial meniscus was slightly narrower and less thickened than the lateral, similar
to the goat and dog, where the lateral was the largest, and more concave and thicker,
contrary to the donkey, where the medial meniscus was larger than the lateral meniscus [35].

Even the menisci have not contact cranially there is not the transverse ligament of the
knee which is present in the dog and sometimes in the ox, that connects the cranial angles
of the two menisci [23].

The caudal horn of the lateral meniscus was divided into two parts, one inserting to the
popliteal incisure of the tibia and the other to the femur, constituting the meniscofemoral
ligament (Figure 8), which is different from the study of Zaino et al. [43] that the posterior
horn of the lateral meniscus in the white-tailed deer knee is attached only to the femur
rather than to both the tibia and femur. The caudal horn of the lateral meniscus in bovine
and porcine knees is also attached only on the inner side of the medial condyle of the
femur [44].

Though the menisci appear similar in size and shape to those of the human knee,
it should be noted that the posterior horn of the lateral meniscus in the cervine knee is
attached only to the femur (as in bovine and porcine knees) rather than to both the tibia
and femur as in humans [43].

The width of the body of the medial meniscus was more uniform from cranial to
caudal, while the body of the lateral meniscus became wider toward the caudal pole, quite
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contrary to the study of Takroni et al. [45], where the lateral meniscus had a more uniform
width from front to back while the body of the medial meniscus became wider toward the
back. The caudal horn of the lateral meniscus was thickened and divided into two parts,
such as in pigs [45].

The joint capsule was common to the entire femoropatellar and femorotibial joints
(Figure 5) such as in swine, where the femoropatellar articulation cavity communicates
distally with the femorotibial articulation. The small transverse ligament that connects the
cranial edges of the menisci [33] is missing in the pampas deer knee.

The pampas deer have great capabilities for fast running, jumping, and floating in
different types of terrain. These capabilities are supported anatomically by some structures
such as the patellar ligament, menisci, and menisco femoral ligament, which consolidate
the joint and movements between the femur and tibia. Since the pampas deer are running
and jumping animals, the stability of their knee articulations can also be attributed to the
femorotibial or collateral ligaments, which were divided into two parts: the femorotibial
capsule caudally and the peripatellar capsule cranially known as the patellar retinaculum
in the parts distal to the patella, where it was separated into two parts medial and lateral
by the patellar ligament.

4.3. Imaging

Knowledge of the normal sectional anatomy of the stifle joint in the pampas deer is
essential for the evaluation of images obtained by magnetic resonance imaging.

The images from the current work provide anatomical details that were compared
with the corresponding macroscopic anatomical sections. Radiography is limited in its
ability to evaluate soft structures. Ultrasonography can provide visualization of tendons
and ligaments, but it was not used in this case.

MRI is an excellent imaging modality; however, its use in veterinary medicine is
limited as it is expensive and the animal must be anesthetized. The capture and anesthesia
procedures were already described and successfully tested [46]. MRI has potential advan-
tages over routine radiography; it provides an image with superior soft tissue detail and
no overlapping of structures and can be used for a better diagnosis of minor abnormalities.
Signal intensities in cadaver specimens may be different from those in live animals due to
fluid and blood loss, freezing, and the absence of blood circulation, but the macroscopic
anatomy is the same, and the images obtained are representative of reality.

The results reveal that compact bone appears as a hypodense signal, while cancellous bone
appears as a moderately dense structure. Such findings agree with Van der Straaten et al. [47]
and Holcombe et al. [48] in horses. Articular cartilage shows hyperdensity, and subchondral
bone has moderate signal intensity. These results agree with those of other authors [47–49].

The medial and lateral menisci showed hypodensity, a sign that was similar to what
had previously been reported in other animal species [27,48]. However, Murray [50] in the
horse reported that the medial and lateral menisci varied in signal intensity from moderate
to low depending on the Tesla used.

The infrapatellar adipose body appears as a moderate signal in pampas deer (between
hypo- and hyperdense), but was described as having a hyperdense signal that is difficult to
differentiate from the synovial capsule because both appear with the same intensity [47,49].

In conclusion, the general anatomy of the stifle joint, including the overall morphology
of the joint with its bones, attachments, and anatomical relationships, was similar to that
of other ruminant species of similar size. Imaging techniques such as magnetic resonance
imaging allow adequate visualization of most of its components.
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