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1S I N O

Abstract: The brown-throated three-toed sloth (Bradypus variegatus) exhibits unique suspensory locomotion
that reflects specialized morphological adaptations to an arboreal lifestyle in the Amazon. This study aimed to
describe the appendicular skeleton of B. variegatus using computed tomography (CT), providing detailed ana-
tomical insights related to arboreal movement. CT scans were conducted on nine juvenile sloth cadavers, ena-
bling three-dimensional visualization of thoracic and pelvic limb structures, including bones, joint configura-
tions, and vestigial elements. Key findings include greater development of thoracic limbs compared to pelvic
limbs, the absence of a clavicle suggesting vestigiality, fusion of carpal bones, and elongated claws —features
that enhance limb strength, stability, and muscle attachment for suspensory behavior. Additionally, morpholog-
ical traits such as a rounded acetabulum and laterally wide pubis support arboreal locomotion. The absence of
a patella and variable ossification patterns also highlight evolutionary divergence and functional adaptations.
These results contribute to our understanding of xenarthran morphology and offer valuable data for compara-
tive anatomy, evolutionary biology, and conservation. Further studies are recommended to explore adult spec-
imens and expand morphometric analyses.

Keywords: common sloth; tomography anatomy; suspensory locomotion; musculoskeletal adaptation; xenar-
thran morphology

1. Introduction

The arboreal lifestyle of the brown-throated sloth (Bradypus variegatus Schinz, 1825) found
north of the Amazon and in northwestern Brazil, between the Negro and Branco rivers, differs from
other quadrupedal mammals by its posture and obligatory suspensory locomotion [1,2]. General
principles related to the mammalian quadrupedal locomotor ap-paratus such as Tamandua tetra-
dactyla, Euphractus sexcinctus or Cebus apella also apply to modern sloths, such as suspension of
the thorax between the forelimbs, body propulsion through rotation of the limbs on a proximal pivot,
and the contribution of trunk move-ments [3-5].

The suspensive posture and locomotion of the sloth in arboreal habitat follows the consequences
of a body in reverse gravity [6,7]. Anatomical particularities ease suspensory locomotion that requires
variable coordination between the limbs, such as relatively rigid hook nails with great joint mobility
in the proximal midcarpal and transverse tarsal, and also advantageous lever arms with a short scap-
ula and a rounded thorax with a small di-ameter [8,9].
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Anatomical investigations may help to understand which are the morphological ad-aptations
associated with a given lifestyle, as a suspensory arboreal one of the brown-throated sloth [10]. Diag-
nostic imaging methods can provide anatomic details that con-tribute to the knowledge of morpho-
logical adaptations and functions of organs and struc-tures in this species, enabling the comprehen-
sion of details through three-dimensional vi-sion when using computed tomography (CT) [11,12].

CT is used in several anatomical surveys because it allows morphological investiga-tion in live
animals, especially when applied in studies related to organs and cavities that are difficult to access
[13]. CT is used in veterinary medicine as an efficient and modern technique, as it allows the analysis
of structures in three dimensions, distinguishing different types of tissues, contributing to the
knowledge of morphology [14,15].

Research has been carried out on the morphological description of the skeletal system of several
species, including the common sloth, which is essential to help understand what morphological ad-
aptations are associated with a certain lifestyle [16]. Computed to-mography can be used in research
on the anatomical approach to the skeletal system of wild animals, which may enable discoveries
related to bone morphology and its influence on locomotion of these species [14]. The macroscopic
morphology of the appendicular skeleton of Bradypus variegatus needs to be better elucidated by
computed tomography. The description of sloth skeletal morphology with the aim of relating it to
their locomotor adap-tations has already attracted the attention of scientists for many decades [2,17-
19].

Computed tomography is widely used for anatomical studies, as it provides a mor-phological
assessment of organic structures, including bones [20]. It is a versatile, fast, and efficient method used
in various areas of medicine [21]. Another possibility of studies to understand bone morphology
would be through dissection, however, it would be unfeasi-ble and limited to expand the bone struc-
tures of all cadavers.

Therefore, the alternative to understanding the morphological aspects of the appen-dicular skel-
eton of the brown-throated sloth was using CT, especially because this study is part of a comprehen-
sive project that also investigates soft tissues, organs and cavities [12]. Therefore, the objective of this
study is to elucidate the morphological adaptations of the appendicular skeleton in Bradypus varie-
gatus using computed tomography (CT), with a focus on understanding of the bone structures facil-
itate arboreal locomotion and suspensory behavior in the Amazon region, such as limb proportions,
joint configurations, and vestigial elements reflect volutionary adaptations to an arboreal lifestyle.

2. Materials and Methods
2.1. Animal Experimentation

The present study was conducted after the approval of the Animal Ethics and Welfare Commit-
tee of the Federal University of Para (protocol No. 5943220321). The ethics principles of the European
Commission for animal experiments involving animals (Directive 86/609EEC) were also followed.

In the present study, nine frozen corpses of Bradypus variegatus were used, 6 young males and
3 young females. These samples were frozen at -2°C to -10°C and came from hospital care at the
Veterinary Hospital of the Federal University of Para. They were sick animals, native to the Amazon
region, close to the municipality of Castanhal, state of Para, living wild and different populations,
which were sent by an environmental agency of the Brazilian state, such as IBAMA-Instituto Bra-
sileiro do Meio Ambeinte. These animals were classified as infants when they did not have a charac-
teristic coat dimorphism and were less than 1.2 kg (<1,2 kg), and juvenile or young, when they pre-
sented a sexual dimorphism weighting more than 1.2 kg and less than 2.3 kg (1.2 kg—2.3 kg) according
to Castro-Vasquez et al. [22].

2.2. Computed Tomography

The cadavers were initially defrosted in running water for approximately two hours. Then, they
were placed in the dorsal decubitus on a rectangular foam pad, with extended forelimbs and ex-
tended hind pelvic limbs.

Images were obtained in the craniocaudal direction on a 16 channel helical tomographic device,
Model Syngo CT 2009E (Siemens; Forchheim, Germany). The acquisition protocol was 110 kVp, 130
mA, scan time 62.66s and delay 3s, with a field of view (FoV) of 115 x 115 mm.
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The thickness of the slices was 5 mm sagittal with 1 mm multiplanar reconstruction (MPR) in
the sagittal and dorsal planes. The acquired blocks of cuts were forwarded to CAD software (com-
puter-aided design) for three-dimensional reconstruction in VR (volume rendering).

2.2. Evaluation of Bone Structure

After acquiring the images, descriptions and measurements of longitudinal and transverse ana-
tomic characteristics of the thoracic and pelvic limbs of each specimen were made, using software
tools. The adopted nomenclature was based on veterinaria nomina anatomica [23].

Measurements of bone length were made from longitudinal measurements between two points,
taking into account the proximal and distal limits.

Regarding transverse measurements, they were obtained with the aim of identifying the medi-
olateral or craniocaudal diameter of the proximal and distal extremities and of the mid-diaphysis
(Figure 1). The pelvic measurements were performed according to the methodology described by
Eneroth et al. [24] (adapted), measuring the horizontal distance between: the distance between the
two tubera coxae transverse diameter, the inner distance between the two acetabulum, the distance
between the two lateral tubera ischiadica, the distance between the two medial tubera ischiadica.
Right diagonal diameter, left diagonal diameter, sacropubic diameter, and horizontal distance from
the ischial spines in the dorsal region were included.

Figure 1. Tomographic image of Bradypus veriegatus humerus with cranial view. Method of gauging bone struc-
tures of the species. Note the longitudinal measurement from the caput humeri (most proximal point of the
bone) to the epicondylus medialis (most distal point of the bone). The diameters of the proximal and distal met-
aphyses, as well as the diaphyseal bone isthmus, were also measured.

In the ventral region of the pelvis, the horizontal distance was measured between the anterosu-
perior crista iliaca was measured; horizontal distance between the corpus ossis ilii in its distal third;
horizontal distance between the tuberculum pubicum ventrale in the pubic symphysis and the hori-
zontal distance between the tuber ischiadicum (Figure 2A), while in the dorsal region, the horizontal
distance of the spina ischiadica was also measured (Figure 2B).
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Figure 2. Tomographic image of the pelvis of Bradypus variegatus in ventral view (A) and dorsal view (B). Note
pelvimetry through horizontal measurements in the ventral region that were performed between the crista iliaca
(green line between the points AB), between the caudal portion of the corpus ossis ilii (green line between the
points CD), between the pubicum pubicum dorsale (red line between the EF points) and between the tuber ischii
(green line between the points GH). The dorsal region was performed between the spina ischiadica (red line
between the IJ points).

Morphometric analysis was not the subject of study, although some measurements were meas-
ured for morphological description. Furthermore, there was great variation in the size of the animals,
which compromises the reliability of the measurements. Data were obtained based on the morpho-
logical descriptions of the collected samples, obtaining qualitative data.

3. Results
3.1. Forelimb

The scapula was described as a flat bone, proximal to the trunk, and the caudal, cranial, and
dorsal margins. The dorsal margin of the scapula is convex and the ventral margin presents a con-
cavity that strays away from the midline. Regarding the cranial and caudal angle, they were rounded
(Figure 3A). The incisura scapulae and the coracoideus process are located cranioventral (Figure 3B).

Figure 3. Computed tomography image in Bradypus variegatus: (A) dorsal view of the scapula showing the fol-
lowing anatomical structures: cranial angle (CRA), caudal angle (CA), spina scapulae (SS), dorsal margin (DM),
ventral margin (VM). (B) Midcaudal view showing Incisura scapulae (IS), fossa supraspinata (FS), and process
coracoideus (PC). (C) Cranial view, cavitas glenoidalis (CG). (D) Ventral view showing the absence of the acro-
mion-clavicular joint.

Concerning the scapulae, the cavitas glenoidalis was observed cranially, which has a joint sur-
face facing the ventral margin (Figure 3C). Dorsally there was a bone prominence that projected from
the mid-diaphysis, laterocranially, to the cavitas glenoidalis, called the spina scapulae, which divides
the supraspinata fossa and the fossa infraspinata, the infra being more elongated than the supra
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(Figure 3A). On the medial surface, the shallow subscapular fossa huged the rib cage. On the cranial
portion, the presence of the acromion-clavicular joint was not observed (Figure 3D).

The humerus was characterized as a long cylindrical bone with a distance between the proximal
and distal ends of 9.17 cm. The diameter of the diaphyseal isthmus was 5.83 mm, the proximal met-
aphysis was 1.13 cm, and the distal was 1.75 cm (Figure 4A). On the cranial surface of the proximal
epiphysis is the caput humeri, which presents a slightly rounded ventral region, articulating with the
cavitas glenoidalis of the scapulae, as well as the lesser and greater tubercles (scapulohumeral joint).
The distal epiphysis in the craniocaudal direction is flat and it was possible to visualize the lateral
and medial epicondylus. Two structures were also visualized: one medial and the other lateral, sug-
gesting the trochlea and capitulum humeri (Figure 4B). A depression was observed at the edge of the
proximal epiphysis at the height of the collum humeri in the dorsal region of the humerus. In the
distal epiphysis, there is a bone depression located in the medial region of the humerus, suggesting
that it is the fossa olecrani and the absence of the foramen supratrochleare (Figure 4A).

Figure 4. Computed tomography image of the humerus: caudal view of the humerus. (A) Measurements of the
humerus, depression (DP), and fossa olecrani (FO). (B) Cranial view of humerus B, caput humeri (CH), collum
humeri (CoH), medial epidondylus (EM), epicondylus lateralis (EL), trochlea (TR), capitulum (CA).

The thoracic limbs is composed of the radius and ulna, which presents a curvature and an inter-
osseous space that completely separates them. The radius is a long and slightly curved bone. In the
proximal region, it articulates with the humerus (epycondilus medialis and articulatio cubiti) and
distally with the carpus (articulatio radioulnaris).

The radius length was 7.07 cm. The mid-diaphysis diameter was 4.63 mm and the mediolateral
width of the proximal and distal epiphyses was 7.41 mm and 1.11 cm, respectively (Figure 5A).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. Computed tomography image of radius and ulna of Bradypus variegatus. (A) Dorsal view, measure-
ments of the radius and ulna. (B) Palmar view, caput radii (CR), joint border (JB), tuberositas radii (TR), proces-
sus styloideus radii (PSR), shallow notch (SN), spacing area (SA).

In the proximal epiphysis, it was possible to see caput radii with a rounded appearance and its
flat joint edge. In the proximal diaphysis, a medial curvature was visualized, which formed a small
bony prominence called the tuberositas radii. Distally, near the carpi articulatio in the medial region,
the styloideus process was observed (Figure 5B).

The ulna is located laterally in the forearm and attaches to the radius and humerus at its proxi-
mal extremity and to the radius at its distal extremity. This bone had a length of 8.19 cm between the
epiphyses (from the styloid process of the olecranon to the ulnar axis) and a diameter of the mediola-
teral diaphysis of 4.17 mm. In its proximal and distal epiphyses, it had a mediolateral diameter of
5.79 and 8.58 mm, respectively (Figure 5A). Cranially, in the proximal epiphysis, a discreet bony pro-
tuberance was observed, followed by a slight shallow notch. In the proximal diaphysis, on its medial
face, the presence of a groove was identified along the bone surface. The distal epiphysis was found
to be substantially displaced from the ulnar metaphysis. The cartilaginous distal ulnar epiphysis is
surprisingly long (Figure 5B).

However, in the caudal region, the structures described were observed with the absence of the
sulcus on the proximal surface.

Five ossa carpi were identified, diffusely arranged, sliding freely between their joint surfaces,
with the fifth carpal bone with the largest dimension fused directly to the base of the metacarpals
(Figure 6A).

Figure 6. Computed tomography image in Bradypus variegatus. (A) Dorsal view with the bones of the carpus
numbered 1, 2, 3, 4, and 5. (B) Oblique view, oss carpi (CA), ossa metacarpalia (MC) I-V, and phalanges (PH).
(O) Ventral view (palmar), claw (CL).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The presence of bone metacarpalia was observed with the absence of space in the articulatio
metacarpophalangeae and with a first carpal bone with a reduction in dimension fused directly to
the base of the metacarpals (Figure 6B). Phalanges comprise a total of nine structures, differing in the
following: proximal, middle, and distal, with the middle relatively larger. The presence of long claws
directly connected to the distal phalanges is highlighted (Figure 6C).

3.2. Pelvic Limb

The femur presents the diaphysis with a slight curve in the medial direction. The proximal
epiphyses, as well as the distal ones, present discontinuity between the connection with the diaphy-
sis, which is the area of the metaphysis. The diaphysis is compact with a mediolateral diameter of
7.51mm, with a distance between its epiphyses of 5.87 cm and a width in the proximal and distal
thirds of 1.21 cm and 1.60 cm, respectively (Figure 7A).

Figure 7. Computed tomography image of the femur of Bradypus variegatus: (A) Dorsal view, femur measure-
ments. (B) Caudal view, caput ossis femoris (CF), trochanter major (TMA), trochanter minor (TMI), diaphysis
(DI), epicondylus lateralis (EL), epicondylus medialis (EM), condylus lateralis (CL), condylus medialis (CM),
fossa intercondylaris (FI).

On the cranial surface of the proximal epiphysis, the femoris caput is circular in shape with a
flattened surface. Laterally, the epiphysis of the trochanter major is observed lateral to the femoris
caput, and the trochanter minor is present on the medial side below the femoris caput. In the distal
femoral epiphysis, the medial and lateral femoral condyles and there respective epicondyles were
observed, and between them, caudally, the intercondylaris fossa. In the femorotibial articulatio, no
patella was observed (Figure 7B).

The tibia presents at its extremities articulations with the fibula, which constitutes the articulatio
tibiofibularis proximalis and distalis, in addition to a line of metaphysis. It also had a total length of
5.48 cm. The diameter of the diaphyseal isthmus was 4.69 mm. The mediolateral width of the cranial
and distal metaphysis was 11.5 and 9.48 mm, respectively (Figure 8A).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 8. Computed tomography image in Bradypus variegatus: (A) Dorsal view, tuberositas tibiae (TT), tibia and
fibula measurements. (B) Dorsal view, intercondylaris cranialis (AIC), condylus lateralis (CL), condylus medialis
(CM), head (HE), malleolus lateralis (ML), malleolus medialis (MM).

It was possible to identify in the tibia, in its proximal cranial portion, the presence of a rough,
irregular appearance and a homogeneous distribution on the side that is in contact with the metaph-
ysis. More distally, it has a triangular shape, showing the tuberositas tibiae (Figure 8A), which corre-
sponds to an area centered on the cranial surface and with a small protrusion that projects in the
opposite direction to its central axis. The condylus medialis and the condylus lateralis also stand out
as prominent structures that oppose each other (Figure 8B).

Distally from the tibia, the malleolus medialis was observed to be a structure without extensions
that differentiate it from the area that opposes it. We could also observe the existence of a flat bone
structure with irregular edges and a homogeneous distribution on the face that is in contact with the
metaphysis area.

The fibula had length of 4.90 cm. The thickness of the mid-diaphysis was 3.58 mm, the proximal
epiphysis was 4.13 cm and the distal 6.22 cm (Figure 8A). A rounded head with a smooth surface was
identified in the proximal epiphysis. In the distal epiphysis, it was possible to observe the malleolus
lateralis as a structure without extensions that differentiates it from the area that opposes it (Figure
8B). An oval bone structure with irregular edges and homogeneous distribution was observed on the
face that is in contact with the metaphysis area.

3.3. Extremities of the Pelvic Limb

The set of ossa tarsi consists of a total of five bones with discrete joint spaces. In relation to the
talus, it is the most proximal bone among them; it projects from the median to the medial plane and
articulates laterally with the fibula and medially with the tibia, presenting a smooth surface in the
cranial direction. Distally it articulates with the calcaneus navicular (Figure 9A).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 9. Computed tomography image of the distal extremity of the pelvic member of Bradypus variegatus: (A)
Plantar oblique view, showing the talus (8); (B) dorsal oblique view, tarsus (TA), calcaneus (7), numbers 1,2,3,4,5
correspond to ossa metatarsalia I-V (MB), and 6, to the phalanges (PH).

The calcaneus is a laterally located bone of irregular dimensions laterally located with a promi-
nent projection facing the caudal portion. It is possible to identify the articulation with the talus,
which generates the articulatio talocalcanea, in addition to a concavity facing its ventral surface (Fig-
ure 9B).

Navicular is a medial bone without codominance between its linear dimensions. It articulates
caudally to the talus, forming the talocalcaneonavicularis, and on its distal surface it communicates
with one of the metatarsal bones, forming the tarsal-metatarsal joint.

A set of three fused cuneiform bones, located medially, was visualized, formed by fusion of bone
pieces with a rough appearance that articulate to the metatarsals (Figure 9B).

The cuboideum is a laterally located bone identified cranial to the calcaneus and distal to the
metatarsal.

The presence of ossa metatarsalia I-V was observed, with the first and fifth having proportion-
ately smaller dimensions compared to the others. In the first metatarsal, it was possible to observe a
structure with a conical aspect and a medial location. In the fifth metatarsal, a bone structure with an
insinuation facing the lateral portion, articulating with the cuboideum and with the metatarsal was
identified (Figure 9B).

The phalanges constitute a total of nine bones arranged, respectively, in the proximal phalanx,,
the media phalanx and the phalanx distalis, with the second being relatively larger. Furthermore, the
presence of elongated claws directly connected to the distal phalanges was also identified (Figure
9B).

3.4. Pelvis

The pelvis are a set of flat and irregular bones of equivalent length and width, with predomi-
nance over thickness. The pelvis is made up of a bony triad comprising the ilium, ischium, and pubis
(Figure 10A). The ilium articulates with the sacrum to form the articulatio sacroiliaca.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 10. Pelvis in Bradypus variegatus. (A) Dorsal view, articulatio sacroiliaca (ASI), process spinosus (PS), il-
eum (IL), pubis (PU), ischium (IS). (B) Cranial view, ileum (IL), sacrales vertebrae (VS), pubis (PU), transversus
(PT), lumbar vertebra (LV), articulatio sacroiliaca (ASI), ischium (IS).

The sacrum refers in its shape to an inverted pyramid with processus spinosus reduced in the
caudal direction. This structure has six flat vertebral bodies, which articulate only the second, third,
and fourth vertebrae with the ileum. The sacrum articulates cranially with the fifth lumbar vertebra
and at the other end with the caudal vertebrae. These vertebrae present laterally the transverse pro-
cesses and dorsally the spinous process, both poorly developed and reduced in the caudal direction
(Figure 10B).

The acetabulum is formed by the union of the ischium, ilium, and pubis, with no connection
between the latter two. The acetabulum has a curved and discontinuous shape with a smooth inner
surface. The acetabulum region is interrupted in the ventral direction, causing the acetabuli of the
fossa. This structure communicates with the foramen obturatum, which in this animal was character-
ized by a large oval-shaped orifice (Figure 11).

Figure 11. Computed tomography image of the pelvini ossa member of the common sloth (Bradypus variegatus).
Left side view. Spina iliaca ventralis caudalis (SIVC), acetabulum (AC), fossa acetabuli (FA), corpus ossis pubis
(CP), facies symphysialis (FS), foramen obturatum (FO), tuber ischiadicum (TI), incisura ischiadica minor (IIMI),
spina ischiadica (SI), incisura ischiadica major (IIMA), spina iliaca dorsalis caudalis (SIDC), ala ossis ilii (WI),
crista iliaca (CI).

The ilium is a flat and irregularly shaped bone, divided into two parts: corpus ossis ilii and ala
ossis ilii, separated by the linea arcuata. The distance between the right and left crista iliaca was 6.32
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cm and 3.61 cm between their bodies in the distal third (Figure 2A). We did not check the ventralis
cranial spina iliaca (Figure 2B).

The ischium showed a distance between the right and left tuber ischiadicum of 3.86 cm (Figure
2A). The cranial part of the body of the ischium fuses with the pubis and ilium. The ischii of ramus
ossis connect to the ventral ramus of the pubis to form the ischiopubic ramus, which was thin, con-
stituting the ventral limit of the foramen obturatum, which had an ellipsoid shape (Figure 12). At the
dorsal margin of the ischium there is a pointed prominence facing cranially, called the spina ischiad-
ica, which presented a dorsal distance of 2.53 cm (Figure 2B). This structure separates the greater
from the incisura ischiadica minor, in which the form can be evidenced by its circular shape, more
accentuated compared to the incisura ischiadica minor (Figure 12).

Figure 12. Computed tomography image of the pelvis of the common sloth (Bradypus variegatus). Side view,
ventral-cranial spina iliaca (VCSI), ala ossis ilii (Al), linea arcuata (LA), corpus ossis pubis (CP), facies symphysi-
alis (FS), foramen obturatum (FO), incisura ischiadica minor (IIME), tuber ischiadicum (TT), corpus ossis ischii
(CI), acetabulum (AC), incisura ischiadica major (IIMA), corpus ossis ilii (CIL), spina iliaca dorsalis caudalis
(SIDC), tuberositas iliaca (TIL), spina iliaca dorsalis cranialis (SIDC), crista ilaca (CI).

The pubis, being the smallest bone that forms the surface of the symphysialis of the pelvis, pre-
sents the right and left facies at the end of the pubic tuberculum, with 1.70 cm (Figure 2A).

4. Discussion

A The appendicular skeleton of B. variegatus presents is similar to Choloepus didactylus [25,26].
Furthermore, the larger pectoral limbs compared to the pelvic limbs, that includes the oblique scap-
ular spine and more pronounced muscular development in these limbs with a small range of abduc-
tion are morphological aspects found in this species. The shape of bone morphological conformations,
such as protuberances, concavities or discontinuities in the bone tissue, may be associated with move-
ment and locomotion with a small range of limb abduction in these species [27,28].

The larger thoracic limbs compared to the pelvic limbs is a morphology of the bones that shows
a characteristic of the species. It is a peculiar aspect of Bradypus, but having forelimbs (or thoracic
limbs) longer than the hindlimbs (or pelvic limbs) is not a unique characteristic of this species. Mam-
mals that perform suspensions and/or climbs generally present this characteristic (e.g., orangutans,
gorillas) [29-31].

Phylogenetic and molecular data showed that Bradypus and Choloepus evolved independently,
that is, they are not a monophyletic group. However, they are very similar in behavior and morphol-
ogy, with an arboreal lifestyle and characteristic locomotion, the result of shared ancestry [32-34].
Thus, the musculoskeletal structure was adapted to perform suspensory posture and movements and
to accomodate the reduced body muscle mass resulting from its diet based on leaves, sprouts and
fruits [15,37].

There are discrepancies regarding the existence of a clavicle in B. variegatus. The presence of this
bone is described in some studies and not in others. The clavicle has been described in young sloths
and disappearing or being rudimentary in adults. The clavicle was not observed in this study. This
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allows us to advise that this structure cannot be used as a reference for the identification of this spe-
cies, as there is individual variation; however, we reinforce the need for more extensive investigations
to identify it in a larger population of individuals [37-39].

In studies carried out by Miller [2], Hautier et al. [37] and Nyakatura & Fischer [39] this variation
in relation to the presence of the clavicle was reported. Miller [2] cites the clavobrachialis muscle of this
species to strengthen the insertion of the deltoid and vestigial clavicle. When describing the forelimbs
in sloths he reports that 1 and 5 metacarpals are vestigial, in Choloepus 1 and 4 metacarpals are ves-
tigial. In view of what has been observed, we can consider this structure as a vestigial organ. In sum-
mary, the relationship between the sloth and the clavicle as a vestigial organ is related to the arboreal
habits of these animals and their characteristic locomotion. The presence or absence of the clavicle
may vary between individuals, but its functional importance has been reduced due to the adaptation
to their natural environment [5,17-19].

The inconsistent pattern of ossification in B. vagiegatus justifies the incomplete bone fusion of
some structures [40]. In the radius and ulna, interosseous spaces similar to those seen in humans were
found, with spacing in the distal epiphysis of the ulna. Some structures may or may not be fused,
however, the inconsistency of ossification in this species allows us to hypothesize a divergent line
from the common being [41,42]. Bones that do not fully fused in adults are also quite common in
marsupials, reflecting growth rates and life history strategies [43].

In the carpal region, five fused bones were identified, different from other species such as giant
anteater and nonhuman primates. Fusion of these bones restricts wrist movements, and claws work
as “pincers” adapted to hang and move in natural habitat, hypertrophying the musculature of the
flexors in the finger along the forearm [44]. Therefore, we believe that since these animals spend most
of their time hanging, they adapted and consequently there was a disproportion in these structures,
since the pelvic limbs are used as a support point that functions as a “hook” in the tree trunks to
increase the moment of displacement, facilitating the suspensory effect of the forelimbs [45].

The pelvic limbs are smaller than the pectoral limbs, indicating that they play a less important
role in sloth locomotion than in typical arboreal quadrupeds. Therefore, the pelvic limb has a lower
proportion than the humerus and the absence of a patella, which does not have a preponderant mor-
phophysiological function in this species. The absence of the patella could just be due to the lack of
ossification in this juvenile specimen. The lack of a patella in an adult is needed to confirm this ob-
servation. The tibia and fibula presented an irregular interosseous space that is articulated with the
intercondylar notch, a finding similar to those found by Montilla-Rodriguez et al. [46] who described
the triangular-shaped structure in the proximal epiphysis of the tibia.

The spinal and transverse processes of the caudal vertebrae can present changes in shape and
development in B. variegatus, even in the same animal, depending on adaptation and behavior [47,48].
The pelvis in Xernathra is similar, the ischial spine turned cranially, with a thin ischial tuberosity,
and the pubis with lateral amplitude, probably due to the fact that the sloth moves and fastens itself
on the tree trunks. The rounded and deep acetabulum and the absence of the ventrocaudal iliac spine
ensure the stability of the animal’s body [49,50].

5. Conclusions

Based on these results it was possible to describe in detail the bone structures of the limbs and
pelvis of Bradypus variegatus, demonstrating the pronounced development of thoracic limbs com-
pared to pelvic limbs, absence of a clavicle (suggesting vestigiality), and structural adapta-tions such
as a rounded acetabulum and laterally wide pubis and fused carpal bones and elongated claws,
which enhance stability and muscle attachment for arboreal mobility and life. These features align
with the sloth’s unique suspensory lifestyle and reflect evolution-ary adaptations to its environment,
contributing to broader discussions in evolutionary biology, biomechanics, and conservation. Limi-
tations such as sample size and the absence of adult specimens warrant further investigation to
deepen our understanding of these ad-aptations.
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