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RESUMO

As preguicas e os tamandués sdo mamiferos xenartros, que se diferenciam de outras especies,
entre outros aspectos, pela presenca do sinsacro e dos processos xenartros. Em virtude de
suas particularidades, objetivou-se descrever a estrutura anatdbmica e os acidentes dos
membros toracicos da preguica-comum, Bradypus variegatus, e dos 0ssos longos do
tamandua-mirim, Tamandua tetradactyla, por meio de analises macroscopicas e
radiograficas. A preguica, demonstrou uma estrutura 0ssea mais simples, com poucos
acidentes anatémicos, enquanto o tamandua apresentou alguns acidentes anatdémicos
semelhantes aos descritos em outras espécies de mamiferos, todavia, ambos também
apresentaram particularidade anatbmicas, sem previas descri¢cdes. A analise macroscopica e
radiogréafica, revelaram os mesmos acidentes anatémicos, considerando que as avaliacdes
radiograficas foram realizadas em pelo menos duas projecfes ortogonais. Assim, a partir
desses resultados, a grande variacdo anatdmica dessas espécies, em relacdo a outros
mamiferos, revela que o conhecimento de suas particularidades é fundamental,

principalmente na determinacdo de condutas clinico-cirdrgicas mais seguras.

Palavras-chave: Anatomia, Membros, Pilosa, Raios-X.



ABSTRACT

Sloths and anteaters are xenartros mammals, which differ from other species, among other
things, by the presence of sinsacro and xenartros processes. Due to their particularities, the
objective was to describe the anatomical structure and accidents of the thoracic limbs of the
common sloth, Bradypus variegatus, and the long bones of the anteater, Tamandua
tetradactyla, by means of macroscopic and radiographic analyzes. The brown-throated sloth
demonstrated a simpler bone structure, with few anatomical accidents, while lesser anteater
presented some anatomical accidents similar to those described in other mammalian species,
however, both also presented anatomical particularities, without previous description of them
that were not previously described. The macroscopic and radiographic analysis revealed the
same anatomical accidents, considering that the radiographic evaluations were performed in
at least two orthogonal projections. Thus, from these results, the great anatomical variation of
these species, in relation to other mammals, reveals that knowledge of their particularities is

fundamental, especially in determining safer clinical and surgical procedures.

Key-words: Anatomy, Limbs, Pilosa, X-Ray.



CONTEXTUALIZACAO

Os Xenartras

A superordem Xenartra surgiu pds pangeia, ocupando a América do Sul (Cardoso et
al. 2013, Catapani 2014). Esta dividida em duas ordens, Cingulata, representada pelos Tatus
(21 espécies), e Pilosa, na qual estdo os Tamanduas (4 espécies) e as Preguicas (6 espécies)
(Albuquerque et al. 2016).

Alves (2016) comenta que o que torna esses animais diferentes dos outros mamiferos,
s80 0s processos articulares xenartros, existentes entre as vértebras toracicas e lombares, que
permitem o apoio completo nos membros pélvicos. Além disso, ha fusdo da pelve com o
sacro, formando o sinsacro, que promovem uma maior estabilidade locomotora, e somado a
uma segunda espinha escapular, que aumenta a area de inser¢cdo muscular, facilitam a
escavacao (Gaudin 1999; Rezende et al. 2013). Catapani (2014) comenta ainda que outra
caracteristica desse grupo é uma reducdo importante dos dentes, até sua total auséncia,

observada nos tamanduas.
A Preguica

As preguicas compdem duas familias, Bradypodidae e Megalonychidae, separadas
em virtude do nimero de dedos no membro toracico (Albuquerque et al. 2016). Na familia
Bradypodidae estdo as preguicas com trés dedos, todas do género Bradypus; enquanto a
Megalonychidae é composta por duas espécies do género Choloepus, com dois dedos (Cruz
& Adami & Oliveira 2013; Rezende et al. 2013).

Sao mamiferos de habitos arboricolas, folivoros restritos, com maior preferéncia por
folhas jovens, que pode ter relagdo com a maior digestibilidade e valor nutricional, em
comparacdo as maduras (Chiarello 1998). Essas espécies apresentam baixo metabolismo e
temperatura corporea, além de adaptagdes morfoldgicas a diversos habitats e condigdes
(Favoretto 2014).



Bradypus variegatus ocorre nas Américas Central e do Sul, sendo encontradas de
Honduras ao sul da América Central, Colémbia, Venezuela, Equador, Peru, Bolivia e Brasil
(Figura 1), ndo sendo mais identificada na Argentina desde 1916 (Moraes-Barros &
Chiarello & Plese 2014). Faro et al. (2015), comentaram que essa espécie pode ser
identificada em florestas primarias ou secundarias, e mesmo em arvores isoladas ou areas de
baixa vegetacdo; alem disso, a espécie ocorre atualmente em areas florestadas da Amaz6nia e
Mata Atlantica, podendo também ser avistada em zonas de contato desses biomas com o

Cerrado, Caatinga e Pantanal Brasileiros (Moraes-Barros & Chiarello & Plese 2014).

Figura 1: Mapa da distribuicdo geogréfica da preguica-comum (Bradypus variegatus), representanda pela
coloracdo amarela, observando-se grande abrangéncia nas Américas Central e do Sul.

0 RECE

......

Fonte: Moraes-Barros & Chiarello & Plese (2014), compilado de IUCN.
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O Tamandua

Os tamandués séo representados pela Familia Myrmecophagidae, que abrange os
Géneros Myrmecophaga (tamandua-bandeira), Tamandua (tamandud-mirim) e Cyclopes
(tamandua-pigmeu) (Cardoso et al. 2013).

O Tamandua tetradactyla, conhecido popularmente como tamandua-mirim ou
tamandua-de-colete, este ultimo dado em virtude da faixa de pelos no dorso e ventre que
formam um desenho semelhante a um colete (Pinheiro et al. 2014), esta presente do sul da
Venezuela ao norte da Argentina e Uruguai, e em todo o territdrio brasileiro (Figura 3)
(Cardoso et al. 2013). No Brasil, habita a Caatinga, Cerrado, Amaz6nia, Mata Atlantica,
Campos Sulinos e Pantanal (Macedo el al. 2013). Apesar da espécie ser considerada como
menos preocupante (Miranda et al. 2014), é ameacado pela caga e destrui¢do de seu habitat
(Hossotani e Luna 2016).

Figura 3: Mapa da distribuicdo geogréfica do tamandua-mirim (Tamandua tetradactyla), representada pela
coloracdo amarela, observando-se abrangéncia restrita a parte da América do Sul.
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CHILE

Fonte: Miranda et al. (2014), compilado de IUCN.

Assim como as preguicas, sao arboricolas, apesar de se movimentar também no solo.
Sao solitarios, sendo vistos em casais apenas no periodo reprodutivo ou com sua cria, de
habito noturno/crepuscular, e sua dieta é principalmente insetivora, baseada em cupins e
formigas, mas também consomem mel (Cardoso et al. 2013, Macedo et al. 2013, Catapani
2014).

Ohana et al. (2015) comentam que ndo ha dimorfismo sexual evidente, além disso 0s
machos séo criptorquidas, que faz com que 0s machos apresentem um saco urogenital similar
ao da fémea (Catapani 2014). Entretanto a diferenciacdo pode ser realizada por observacéo
do aparato reprodutor, uma vez que 0s machos apresentam um orificio uretral distinto da

fenda vulvar presente nas fémeas (Hossotani e Luna 2016).
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Anatomia e Diagnostico por Imagem

O conhecimento da anatomia é fundamental na préatica clinico-cirdrgica (Schimming
et al. 2015). Varios estudos anatdmicos foram realizados nessas espécies. Todavia ndo foram
encontradas pesquisas sobre anatomia radiografica, representando um fator limitante na
interpretacdo das radiografias, principalmente quando consideramos a enorme variacao

anatdmica entre os grupos taxondmicos (Martins et al. 2013).

Farrow (2009) comentou que a radiografia tem sido uma das primeiras escolhas
diagndsticas em pacientes selvagens, em virtude de possibilitar a avaliacdo anatémica in
vivo. O exame radiografico pode ser considerado como “pega chave” do diagnoéstico tanto de
animais domeésticos quanto selvagens, contribuindo na avaliacdo éssea, respiratoria,
digestiva e urinaria (Martins et al. 2013). Outro recurso diagnéstico, a Tomografia
Computadorizada, ja foi utilizado na avaliagdo morfofuncional da coluna de Choloepus e em
estudos da osteogénese de Bradypus (Alves 2016). Assim, estudamos a anatomia
radiogréafica do esqueleto apendicular das preguicas comum, bem como do tamandua-mirim,

visando facilitar a rotina clinico-cirurgica.
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Anatomo-radiographic study of the thoracic limbs of Bradypus variegatus

Fernanda Luiza de Miranda Lins e Linst, Erika Brancot, Elane Guerreiro Giese?, Leila
Menezes da Silva?, Ana Rita de Limat

ABSTRACT

In this study, we aimed to describe the anatomical structure and accidents of the thoracic
limbs of the brown-throated sloth, Bradypus variegatus, by means of macroscopic and
radiographic analyses. The evaluation of the bones of the thoracic limbs of this common sloth
showed that they were generally simple, with few anatomical accidents. However, we still
identified some unique features of them that were not previously described. In addition,
radiography demonstrated all of the details of all structures found in the macroscopic analysis
when performed on at least two orthogonal projections of the limbs. Based on these results,
we considered Bradypus variegatus as presenting greater anatomical variation than many
other mammals, making it an unusual species. Such knowledge of their particularities is

fundamental for establishing safer clinical-surgical approaches for this species.

Key-words: Brown-throated sloth, forearm, hand, radiographic evaluation, scapular
cingulate
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INTRODUCTION

The brown-throated sloth (Bradypus variegatus) is a mammal in the family Bradypodidae of
the order Pilosus in the superorder Xenartra (Cruz et al. 2013, Albuquerque et al. 2016),

which is widely distributed in Central and South America (Moraes-Barros et al. 2014).

Because the brown-throated sloth is a species with arboreal habits (Albuquerque et al. 2016),
knowledge of the anatomy of the thoracic limbs of this species is fundamental to assist in the
application of clinical-surgical practices on it (Schimming et al. 2015). In addition, another
important issue is the choice of which diagnostic modalities to use when evaluating patients.
Radiography is one of these modalities, and is one of the first choices used on wild patients
because it allows anatomical evaluation to be performed in vivo (Farrow 2009). Although
some anatomical aspects of B. variegatus and similar species have been previously studied,
knowledge of its anatomy is still a limiting factor in the interpretation of radiographs of its
limbs, especially when the enormous anatomical variation among taxonomic groups is

considered (Martins et al. 2013).

Another point to consider is that there is a growing number of specimens kept by collectors
and/or in zoos, which commonly require clinical and surgical care due to traumatic injuries to
the thoracic limbs from falls from trees. Additionally, many freeliving animals suffer injuries
due to trampling. Therefore, the present study was done to assess the anatomy of the thoracic
limbs of this sloth species. Our results will provide an anatomical-radiographic reference for
the clinical-surgical evaluation of these animals, contributing significantly to the diagnosis

and therapy of injuries in this species, and consequently to its conservation.
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MATERIALS AND METHODS

Were used anatomical specimens of six B. variegatus individuals belonging to the Animal
Morphological Research Laboratory (LaPMA) of the Federal Rural University of Amazonia

(UFRA) in Belem, Paréa, Brazil.

Of the animals investigated, the thoracic limb tissues of three were macerated in water for the
later identification and macroscopic description of anatomical accidents in the bones, which
was then followed by the radiographic examination of these same bones. The other three
animals were initially thawed, and then their thoracic limbs were radiographed only, without
previous dissection. In both cases, we used a light emitter with a power of 500 mA and an
AGFA CR 30-X scanner. Samples were scanned in two or three projections (mediolateral,
lateromedial, and craniocaudal), adjusting the projections and radiographic exposure used

according to the needs of each situation.

All of the nomenclature adopted herein was based on the Veterinary Anatomical Nomina

(International Committee on Veterinary Gross Anatomical Nomenclature 2017).

RESULTS

Scapula and clavicle

The scapula was found to be narrow, with a spine on the lateral side and an oblique trajectory.
Beginning in the middle third of the scapula, we noticed a tuberosity extending to its distal
third, in addition to the projection of a semilunar acromion, and with the hamato process

exceeding the longitudinal limit of the scapula. The spine divided the lateral face of the
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scapula into two fossae, the supra- and infraspinatus, with the infraspinatus being longer and
the supraspinatus being wider. We located the supraspinatus foramen as being disposed
cranially in the supraspinal fossa, and it was oval in shape and located near the acromion and

glenoid cavity (Figure 1).

In radiographic images in both the lateromedial and ventrodorsal projections, the spine of the
scapula and its tuberosity were highlighted, and the acromion that ended with the hamato
process projected beyond the limits of the cranial margin. Near the cranial margin in the
lateromedial view, a radiolucent ellipsoid area corresponding to the supraspinal foramen was

identified (Figure 1).

The medial face of the scapula of B. variegatus showed a subscapular fossa, surrounded by
serratus faces with muscular lines, and related to the margin and caudal angle, as well as to

the proximal margin and cranial angle of the scapula (Figure 1).

When viewed in a lateromedial projection under radiography, the subscapular fossa and the
serratus faces were superimposed on the supra- and infraspinatus fossae, but the spine of the
scapula divided these regions. In addition, discrete radiopaque lines were identified that

corresponded to the muscular lines of the medial face (Figure 1).

We identified the region of the colo positioned cranially on the scapula, which was
demarcated by the notch of the scapula and culminated in the glenoid cavity, and presented
an ellipsoid shape. At the cranial margin, we identified an elongated projection in the

craniomedial direction, which was the supraglenoid tubercle (Figure 1).
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Under radiographic examination in the lateromedial projection, we identified the notch of the
scapula, which ended with the glenoid cavity (a concavity with radiopaque borders), and also

located the supraglenoid tubercle adjacent to the supraspinal foramen (Figure 1).

The elongated and slightly curved clavicle was found to be partially attached to the scapula
by the hamato process, and the clavicle was visible in two different radiographic projections

between the scapula and the sternum (Figure 1).

Humerus

The humerus of B. variegatus was long and cylindrical, except for the distal extremity, which
was flattened craniocaudally. At its proximal end, the humeral head projected
caudomedially, protruding more than half a sphere. Smaller and larger tubers were arranged
on the cranial face of the proximal end of the humerus. Distal to the minor tubercle, we
identified a discrete rough surface (medial face) as the tuberosity corresponding to the
attachment point for the larger round muscle; contralateral to this, starting from the major
tuber up to the middle third of the diaphysis, a rough area on the lateral aspect was found,
which was likely the deltoid tuberosity. Parallel to this, on the cranial face, the cranial crest
was identified, and it ended in a discrete rough surface, which we termed the tuberosity of the

cranial crest (Figure 2).

During the radiographic examinations, the smaller (medial) and larger (lateral) tubers of the
humerus were identified as rounded surfaces projecting laterally and medially (craniocaudal

projection) and cranially (lateromedial projection) in relation to the prominent and spheroid
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humeral head (Figure 2). None of the structures identified in the proximal and middle third of

the diaphysis during macroscopic evaluations were identified on the radiographs.

The distal end of the humerus of B. variegatus was formed by the trochlea, with a mild
central depression. Above the trochlea, we identified two discrete fossae on the olecranon

(caudal face) and radial (cranial face) surfaces (Figure 2).

The trochlea was visible in all radiographic projections, presenting as two rounded
structures, separated by a central, less radiopaque area (in craniocaudal projection) and two
overlapping semicircles (in lateromedial projection); the olecranon and radial fossae were
not identified in the lateromedial projection, and were superimposed on the craniocaudal

projection, appearing as a small radiolucent area (Figure 2).

Also at the distal end of the humerus, the medial crest was identified as beginning at the distal
third of the diaphysis and culminating in the medial epicondyle. On the lateral side, the
discrete lateral supracondylar crest was identified, which ended in the lateral epicondyle and

was larger than its contralateral counterpart (Figure 2).

The epicondyles were identified as rounded surfaces on the lateral and medial surfaces of the
distal end of the humerus of B. variegatus that were mainly visible in the craniocaudal
projection (Figure 2). The medial crest was identified as two radiopaque and parallel lines in
the distal third of the diaphysis (in lateromedial projection) (Figure 2). The lateral

supracondylar ridge was not identified in any radiographic projection.

Radius and ulna
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Bradypus variegatus presented a radius and ulna that were completely separated, and which
were both long and thin. The radius presented a proximal epiphysis that was smaller than the
distal one, whereas in the ulna this pattern was reversed. At the end of the radius, we
identified the fovea of the head of the radius, which was composed of the head, followed by
the neck (Figure 3). This was identified on the radiograph as a discrete narrowing below the

head of the radius and fovea (articular surface with radiopaque borders) (Figure 3).

In the diaphysis of the radius, we identified few anatomical accidents. In the proximal third,
we recognized a laterocaudally disposed protuberance, which we called a lateral tuberosity
and that was identified equally well in both radiographic projections (Figure 3). In the distal
third, we observed a discrete medial crest, beginning in the distal third of the diaphysis and
ending in an irregular and rough shape, which we named a tuberosity of the medial crest; this
accident culminated at the styloid process of the radius, adjacent to the trochlea of the radius,
from which a slight, discrete depression in the lateral aspect, the ulnar notch, issued (Figure

3).

Aside from a few exceptions, all these structures were visible under radiographic
examination. The styloid process was a wedge-shaped projection and the articular surface of
the trochlea appeared as a radiopaque structure with a slightly concave aspect under

radiography (Figure 3).

There were no anatomical accidents on the caudal face of the radius, except for a small flexor

surface (Figure 3) that was not visible during radiographic examinations.

The ulna of Bradypus variegatus had an equivalent length to that of the radius, but was less

thick and had a flattened shape. The proximal epiphysis was formed by the olecranon, with a
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small tubercle. Cranially, we identified the anconeous process, followed by the trochlear
notch, and with the ulna culminating in the coronoid process; in the distal epiphysis the head
of the ulna (lateral) could already be identified, followed by the styloid process of the ulna
and the carpic articular face (Figure 3). No anatomical accidents were found in the main body

of the ulna.

Ulna radiography, as well as macroscopy, revealed few anatomical accidents, and these were
visible in two radiographic projections. The olecranon, with its tuberosity, made up the
proximal end of the ulna. Also in the proximal epiphysis, a half-moon-shaped surface
corresponding to the trochlear notch was identified, from which the discretely radiopaque

anconeous (dorsal) and coronoid processes projected (Figure 3).

Carpal

There were six carpal bones, divided into a proximal row and a distal row, with equal
numbers of bones in each. The bones in the proximal row were, from the lateral to the medial
side, the carpal accessory bone (elongated), ulnar carpal bone (triangular), and
intermediorradial carpal bone (the largest bone in this row, which was wider than it was tall),
respectively (Figure 4). These three carpal bones in the proximal row were satisfactorily
visualized in the dorsopalmar projection radiograph. In the lateromedial projection, there was
overlap among these bones, except for the accessory carpal bone, which protruded into the

palmar region (Figure 4).
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The distal row was also composed of three bones, and from the lateral to the medial side these
were carpal bone IV (cuboid), carpal bone Il (irregular), and carpal bone I and Il (fused,
ellipsoid, and the smallest of the bones in this row), respectively (Figure 4).
Radiographically, the details of the carpal bones in the distal row were also evident in

dorsopalmar projection (Figure 4).

Metacarpal

Bradypus variegatus was found to have three metacarpal bones, all of which were elongated,
with a clear distinction between the epiphyses and diaphyses. From the lateral to the medial
side, we identified metacarpal bone IV and V (fused, with a small lateral protuberance
identified as corresponding to metacarpal bone V), metacarpal bone Ill (central), and
metacarpal bone | and Il (fused, slightly longer than the others, and also presenting a
protuberance that corresponded to metacarpal bone I, which was similar to that identified in
metacarpal bone IV and V, but located on the medial face and considerably larger than this),

respectively (Figure 4 A).

The dorsopalmar radiography of the metacarpal bones showed the details of the three
metacarpal bones, as well as their respective fusions. The lateromedial projection, despite
showing all of the elements, did not allow them to be individually distinguished due to the

overlap of the structures (Figure 4 B).

Phalanges
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With three fingers on each hand, B. variegatus has six phalanges, three proximal and three
distal. The proximal phalanges were found to be elongated and slightly flattened
mediolaterally, with digit Il being slightly shorter than digit IVV. The distal phalanges were
longer than the proximal phalanges, had a half-moon shape, and were extremely sharp at

their distal extremities, in addition to following the size rules described previously.

Like the other bones of the hand, a better radiographic definition of the phalanges was
achieved in the dorsopalmar projection, which was also due to the overlap of the structures in

the lateromedial view (Figure 4B).

DISCUSSION

There is still an insufficient number of studies on the morphology of xenartra n mammals,
especially considering that knowledge of their radiographic anatomy is fundamental for their
routine clinical-surgical treatment. Thus, we evaluated the bones in the thoracic limbs of B.
variegatus, describing all of their anatomical accidents and comparing them with other

mammals to elucidate their function in the studied species.

The narrow scapula of B. variegatus may be directly related to its locomotory and eating
habits, as was previously evaluated by Polly (2007), and was similar to that described in
Saimiri sciureus (Rodriguez et al. 2015), since both are arboreal species. In contrast,
Myrmecophaga tridactyla (Lima et al. 2013) and Smutsia temminckii (Steyn et al. 2018) have
broader scapulae, which may be fundamental for these anteaters to be able to perform

excavations.
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In addition, in M. tridactyla (Lima et al. 2013) and Euphractus sexcinctus (Alberto et al.
2010), the spine of the scapula was found to protrude and end in a large acromion, which
probably gives them increased strength in the thoracic limbs, facilitating excavation and
climbing by them, similarly to what we observed in B. variegatus. This modification is not
necessary in ungulates, as was previously described in Tapirus terrestris (Pereira et al. 2015),
in which an acromion was not identified, and in Mazama gouazoubira (Souza Jr et al. 2017),

in which it was only slightly protruding.

In addition, previous studies examining L. gymnocercus (Souza Jr et al. 2018) and Atelerix
albiventris (Girgiri et al. 2016) highlighted the presence of the hamato and suprahamato
processes in these species, while in B. variegatus we observed only the hamato process,
which may be related to the greater need for the protraction of the thoracic limbs for climbing
in the studied species. In addition, we considered both the hamato process and the
suprahamato process to comprise the acromion in this study, as recommended by Schaller
(1999) and validated by the Nomina Anatdmica Veterinaria (2017). Thus, we consider the
use of the terms acromion and hamato process as synonyms by Ahasan et al. (2016) in their

study of Elephas maximus to have been incorrect.

The scapular spine of B. variegatus divided the supra- and infraspinous fossae, so that the
former of these was wider and the latter was longer, similarly to the spine described in S.
sciureus (Rodriguez et al. 2015), and differently from that described in M. gouazoubira
(Souza Jr et al. 2017) and Elephas maximus (Ahasan et al. 2016), wherein these relationships

were reversed. Considering that arboreal species require a greater range of movements in the
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shoulders and arms for climbing, we believe that this difference in the scapular structures

allows for such a greater range of movement.

In the supraspinatus fossa, B. variegatus presented the supraspinatus foramen, which was
equivalent to that identified in M. tridactyla (Lima et al. 2013) and T. tetradactyla (Lins et
al., unpublished data), although this species presented a foramen that ranged from being

complete to incomplete.

As in M. tridactyla (Lima et al. 2013), in B. variegatus we also found a notch in the scapula
and the supraglenoid tubercle. Considering that the supraglenoid tubercle is one of the points
of origin of the brachial biceps muscle responsible for arm flexion, we propose that the
absence of such structures as the coracoid process, as was described in A. albiventris (Girgiri
et al. 2016), does not interfere with the strength and range of motion of the thoracic limbs of

these xenartra ns.

The subscapular fossa in B. variegatus was similar to that described in M. tridactyla (Lima et
al. 2013) and Saimiri sciureus (Rodriguez et al. 2015), whereas in A. albiventris (Girgiri et al.
2016) this structure was not as prominent. This led us to suppose that this structure’s function
in maintaining the stability of the humerus’s articulation through the muscles inserted into it
gives it greater anatomical importance in species with more specialized locomotory and

alimentary habits.

From the radiographic point of view, the anatomical patterns detected in B. variegatus
images were similar for evaluations done in both orthogonal scapular projections, as was
previously found in Ailurus fulgens (Makungu et al. 2015). However, this fact was not

completely alluded to by Souza Jr. et al. (2018) when describing the radiography of the
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scapula of L. gymnocercus, in which only the radiopacity corresponding to the tuberosity of
the spine of the scapula and the radiolucency of the supra- and infraspinatus fossae were

highlighted.

We do not consider the absence of anatomical accidents in some evaluations as a sign of
perfect bone health, since most of the lesions (acute or chronic) for which the type of
clinical-surgical treatment is determined based on their radiographic identification, such as
neoplastic scapular situations, can occur in any region of a particular bone (Blacksin and

Benevenia 2000).

The scapula of B. variegatus was attached to the clavicle, as was also found by
Montilla-Rodriguez et al. (2016) in their study of the same species, and in another study of S.
sciureus (Rodriguez et al. 2015), but radiographic evaluations were not performed in either

of these previous studies.

The continuation of the scapular cingulate into the humerus of T. terrestris (Pereira et al.
2015) was previously identified as forming the largest and smallest tuberosities therein.
However, as recommended by Schaller (1999) and validated by the Nomina Anatdmica
Veterinaria (2017), such structures are in fact the major and minor tubercles, respectively, as
we identified them in B. variegatus. In addition, in our study, we identified the presence of
two tuberosities in the humeral body (for the deltoid and the larger round muscle), whereas in
T. terrestris there was also a tuberosity for the smaller round muscle, which we consider to be

merely a result of anatomical variation.

In the humerus of B. variegatus, the distal end was composed of the trochlea and medial and

lateral epicondyles, as well as the medial and lateral supracondylar crests, as was previously
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found in T. terrestris (Pereira et al. 2015) and A. fulgens (Makungu et al. 2015). However, we
believe that the definition of this structures in previous studies was mistaken, since this
structure is present only in carnivores (Schaller 1999; Veterinary Anatomy Nomine 2017).
The lateral epicondyle crest described in T. terrestris (Pereira et al. 2015) is thus likely the
lateral supracondylar crest, similarly to that described in A. fulgens (Makungu et al. 2015)
and as recommended by Schaller (1999) and validated by the Veterinary Anatomic Nomine

(2017).

In the distal extremity of the humerus, we also identified the medial crest, which has not been
described in any other species, so we judged this to be a characteristic anatomical variation of

B. variegatus.

Under radiographic evaluation, the same patterns and structures in the humerus of Ailurus
fulgens (Makungu et al. 2015) and B. variegatus (this study) were identified in both
orthogonal projections, so that anatomical accidents in the humeral body were not visible in
the radiographs. Souza Jr et al. (2018) highlighted only the radiopacity of the deltoid
tuberosity when describing radiographs of the humerus of L. gymnocercus. However, we do
not consider such partial radiographic evaluations as being sufficient or convenient, and so

they do not effectively assist in conducting clinical-surgical treatments.

The second group of long bones in the thoracic limbs of B. variegatus, the radius and ulna,
had characteristic in common with those of two other animals in the superorder Xenartra
(M. tridactyla (Lima et al. 2013) and Euphractus sexcintus (Alberto et al. 2010)). However,
the fact that these bones are completely separated, but interconnected by the antebrachial

interosseous membrane, in this species was similar to the arrangement of these bones in
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ruminants, swine, and carnivores (Konig and Liebich 2016), as well as Atelerix albiventris
(Girgiri et al. 2016). This similarity of B. variegatus to more distantly related species is
interesting, and may allow it some mobility in supination and pronation, which would assist

it in climbing.

The radial tuberosity is usually described as occurring in the proximal diaphysis of the radius,
more specifically on the medial face, in domestic animals (Dyce et al. 2010), which was also
described in M. tridactyla by Lima et al. (2013). However, whereas in that species this
structure was readily apparent and easily identifiable, we did not find it in B. variegatus,
leading us to believe that in this species the brachial biceps muscle possibly only inserts into
the collateral cubital ligament in the fascia of the forearm and in the extensor tendon of the

radial carpi, as has been described in domestic animals in general (Getty et al. 1986).

In addition, in M. tridactyla (Lima et al. 2013), a cranial crest was found that separated the
cranial face of the radius into two extensor grooves, but this was not found in B. variegatus in
the present study. In addition, we identified the medial crest and tuberosity of the medial crest
in B. variegatus, both of which were not previously described in M. tridactyla (Lima et al.
2013), A. albiventris (Girgiri et al. 2016), E. maximus (Ahasan et al. 2016), and L.
gymnocercus (Souza Jr et al. 2018). We thus considered this another characteristic

anatomical variation of B. variegatus.

Although the distal end of the radius was broader than the proximal end in E. maximus
(Ahasan et al. 2016), this differed from our findings for B. variegatus, in which both the

trochlea and the styloid process of the radius were present and even in size, leading us to
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believe that the dimensional discrepancy in the elephant may be related to the greater need

for support in its thoracic limbs than that needed by the sloth.

At the distal end of the radius, we also identified a flexor surface on the caudal side, which
was previously described in M. tridactyla (Lima et al. 2013). However, in B. variegatus the
size of this surface was reduced, perhaps due to the fossorial habit of M. tridactyla, which

demands more bending force from the limbs.

The radiographic evaluation of the radius of A. fulgens (Makungu et al. 2015) did not identify
any of the radial body structures described herein, and in a previous evaluation of L.
gymnocercus (Souza Jr et al. 2018) the authors only commented on the shape of the
epiphyseal discs and the dimensional relationship between the cortical and medullary layers.
In our study, all of the anatomical accidents in the radius of B. variegatus, except for the
flexor surface located on the caudal aspect of the distal extremity, were also identified by
radiography, which we consider pertinent since it means that radiography allows a broad and
complete evaluation of the limb structures to be performed, facilitating the clinical handling

of patients.

In the forearm, the macroscopic evaluation of the ulna in B. variegatus showed that it was
similar to that of a human (Di Dio and Amatuzzi 1998), particularly regarding the presence of
the coronoid process, which in both species is located medially, whereas in other mammalian
species like M. tridactyla (Lima et al. 2013), A. fulgens (Makungu et al. 2015), L.
gymnocercus (Souza Jr et al. 2018), and S. temminckii (Steyn et al. 2018) the ulna presents
lateral and medial coronoid processes. As with the macroscopic evaluations, the radiography

of the ulna revealed few anatomical accidents, all of which were identified in the two
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orthogonal projections tested. This was similar to previous findings for S. temminckii (Steyn
et al. 2018), but such results were not mentioned in a previous study of A. fulgens (Makungu
et al. 2015) that mainly described the olecranon at the proximal end, which from our point of

view was not satisfactory.

B. variegatus had six carpal bones in the hand, which limits its ability to rotate the hand. This
differed from observations of the hand in M. tridactyla (Lima et al. 2013) and T. tetradactyla
(Cruvinel et al. 2019), which have eight carpal bones, probably because these species play
equivalent roles and require more extensive and efficient supination and pronation

movements using the hands.

The hand of B. variegatus also had three metacarpal bones, since metacarpal bones I and 11
and IV and 1V were fused, while in other xenartra ns such as M. tridactyla (Lima et al. 2013)
and T. tetradactyla (Cruvinel et al. 2019), there were five of these bones, probably due to the

greater mobility required for these anteaters to dig.

In addition, in our study we observed that metacarpal bones I and I, Ill, and IV and V were
similar in length, and differentiated only by the medial and lateral projections corresponding
to metacarpal bones | and V. However, in the anteaters M. tridactyla (Lima et al. 2013) and T.
tetradactyla (Cruvinel et al. 2019) metacarpal bone Il was more robust than the others to
facilitate excavation, and this was similar to patterns found in E. maximus (Ahasan et al.
2016), which likely resulted from this bone’s importance in the support of the foot in this

large mammal.

Our study species has three fingers on each hand, with each finger having two phalanges,

which has not been observed in other xenartra ns, such as M. tridactyla (Lima et al. 2013) and
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T. tetradactyla (Cruvinel et al. 2019), nor in mammals of other orders, such as S. sciureus
(Rodriguez et al. 2015), A. albiventris (Girgiri et al. 2016), and S. temminckii (Steyn et al.

2018)). This is thus likely another characteristic anatomical variation of B. variegatus.

CONCLUSION

The anatomo-radiographic evaluation of the thoracic limbs of B. variegatus showed that it is
a peculiar species, with great anatomical variation in relation to other mammalian species,
and there are some structures in its limbs that have not been previously described. In addition,
we observed that a large portion of the previous studies that also used radiography as one of
the evaluation methods of the limb structures in other species did not do so in an efficient and
complete way, so that the resulting descriptions they provided were only partial. Thus, we
consider that our anatomo-radiographic findings are very important for the establishment of

safer clinical-surgical approaches to evaluating animal limbs.
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FIGURES

Figure 1. Photomacrographs and radiographic images of the Bradypus variegatus scapula. A-
Side and medial aspects of the scapula. B- Radiographic image in lateromedial projection. C-
Ventral and dorsal faces of the scapula. D- Radiographic image in craniocaudal projection.
We observed the spine of the scapula (1), infraspinal fossa (2), supraspinal fossa (3),
tuberosity of the spine of the scapula (4), acromion (5), hamato process (6), supraspinal
foramen (7), glenoid cavity (8), supraglenoid tubercle (9), notch of the scapula (10),
subscapular fossa (11) surrounded by the serrate faces (12), and clavicle (13). Scale bars: A

and C- 2 cm; B- 12 mm; D- 25 mm.
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501  Figure 2. Photomacrographs and radiographic images of the Bradypus variegatus humerus.
502  A- Cranial and caudal faces. B- Radiographic image in craniocaudal projection. C- Lateral
503 and medial faces. D- Radiographic image in lateromedial projection. We observed the
504  humerus head (1), major tubercle (2), minor tubercle (3), tuberosity for the attachment of the
505 larger round muscle (4), deltoid tuberosity (5), cranial crest (9), medial crest (10), medial
506  epicondyle (11), lateral supracondylar crest (12), lateral epicondyle (13) and clavicle (*).

507  Scale bars: A and C- 2 cm; B and D- 25mm.
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Figure 3. Photomacrographs and radiographic images of the Bradypus variegatus radius and
ulna. A- Side and cranial views of the articulated radius and ulna. B- Radiographic image in
lateral and craniocaudal projections of the radius and ulna. C- Cranial and caudal view of the
radius. D- Medial and lateral views of the ulna. E- Cranial and caudal views of the ulna. We
observed the radius head (1), lateral tuberosity (2), medial crest (3), medial crest tuberosity
(4), styloid process of the radius (5) , ulnar notch (7), flexor surface (8), olecranon with the
olecranon tubercle (9), anconeal process (10), trochlear notch (11), coronoid process of the
ulna (13), styloid process of the ulna (14), and carpal joint face (15). Scale bars: A, C, D and

E- 2 cm; B- 25 mm.
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Figure 4. Photomacrographs and radiographic images in dorsopalmar and lateromedial
projection of the carpals, metacarpals, and phalanges of Bradypus variegatus. A- We
observed the carpal bones in the proximal row, from lateral to medial being the accessory
carpal bone (1), ulnar carpal (2), and intermediorradial carpal (3), respectively, and in the
distal row we found carpal bone IV (4), carpal bone Il (5), and carpal bone I and Il (6).
Metacarpal bones I and Il (fused), 111, and IV and V (fused) are visible, together with their
respective proximal phalanges (Pl and II, P I1l, and P IV and V) and distal phalanges (DI and
I, D 1ll, and D 1V and V). B- Radiographic images in which the carpal bones, accessory
carpal bone (1), carpal ulnar joint (2), intermediorradial carpal (3), carpal bone IV (4), carpal
bone 111 (5), and carpal bone I and Il (6) are visible. The hand bones are shown in sequence,
from the fused 1V and V metacarpal bones (7) to metacarpal bones 111 (8) and I and Il (fused)
(9), with their respective proximal phalanges IV and V (10), 1l (11), and | and Il (12), and
their distal phalanges IV and V (13), 1l (14), and I and 11 (15). In radiographic image in
lateromedial projection, the numbers 10 and 13 shows the proximal and distal phalanges

overlapping. Scale bars: A- 2 cm, B- 50 mm.
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Anétomo-radiografia dos 0ssos longos do membro toracico do Tamandua tetradactyla

Anatomo-radiography of long-bones in thoracic limb of Tamandua tetradactyla

Fernanda Luiza de Miranda Lins e Linst, Erika Brancot, Elane Guerreiro Giese?, Leila

Menezes da Silva2, Ana Rita de Limat

RESUMO

Obijetivou-se descrever o0s acidentes anatdmicos dos 0ssos longos do membro torécico de
Tamandua tetradactyla por meio de analises macroscopicas e radiograficas. Foram
utilizados 34 espécimes, que foram a Obito por atropelamento. A avaliacdo do Umero
demonstrou as mesmas estruturas presentes nos animais domésticos, além de outras sem
prévia descricdo. Ja no antebraco, radio e ulna se apresentaram completamente separados, e
apesar de, como o Umero, serem identificados alguns dos mesmos acidentes anatdmicos
descritos em outras espécies, também notamos particularidades. Todas as estruturas descritas
na analise macroscopica foram identificadas a radiografia, quando realizada em pelo menos
duas projecOes ortogonais. As estruturas andtomo-radiogréaficas dos ossos longos do T.
tetradactyla demonstraram grande variagdo anatbmica em comparagdo a outros mamiferos, o
que torna a referida espécie muito singular. Assim o conhecimento de suas particularidades é

fundamental para abordagens clinico-cirargicas mais seguras.

Palavras-chave: avaliacdo radiografica, antebraco, brago, osteologia, tamandué mirim
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SUMMARY

The objective was to describe the anatomical accidents of the long bones of the thoracic limb
of Tamandua tetradactyla by means of macroscopic and radiographic analyzes. We used 34
specimens, which were death by running over. Evaluation of the humerus demonstrated the
same structures present in domestic animals, besides others without previous description. In
the forearm, radius and ulna were completely separated, and although, like the humerus,
some of the same anatomical accidents described in other species were identified, we also
noticed particularities. All the structures described in the macroscopic analysis were
identified on radiography, when performed in at least two orthogonal projections. The
anatomic-radiographic structures of the long bones of T. tetradactyla showed great
anatomical variation compared to other mammals, which makes the species very unique.

Thus knowledge of their particularities is fundamental for safer clinical-surgical approaches.

Key-words: anteater, arm, forearm, osteology, radiographic evaluation

INTRODUCAO

Os tamanduas s@o mamiferos xenartros, representados por uma unica familia, a
Myrmecophagidae, dividida em trés géneros, os Myrmecophaga (tamandua-bandeira),
Tamandua (tamandud-mirim) e Cyclopes (tamanduai) (Cardoso et al. 2013). O T.
tetradactyla, tambem conhecido como tamandué-de-colete devido sua pelagem preta que
recobre seu dorso e ventre (Pinheiro et al. 2014), no Brasil estd amplamente distribuido em

todos os biomas (Macedo et al. 2013).



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

47

Animal terreste-escansorial, ou seja, que se locomove no solo e escala arvores, o T.
tetradactyla (Cardoso et al. 2013; Macedo et al. 2013) apresenta membros toracicos fortes e
providos de poderosas garras que permitem despedacar formigueiros e cupinzeiros, e
defenderem de predadores (Gambaryan et al. 2009) o que torna 0 membro toréacico desta

espeécie, algo de suma importéancia quanto a investigacdes anatémicas e radiogréaficas.

Ainda que considerada como segura quanto a risco de extin¢do (Miranda et al. 2014),
a caca e a destruicdo de seu habitat em decorréncia do processo crescente de urbanizacao, sao
ameacas importantes a manutencao dessa espécie, a qual é expressivamente suscetivel a
traumas por atropelamento ou ataques de cdes (Ortunho et al. 2014; Adler e Tanner, 2015;

Hossotani e Luna, 2016).

Nesse ponto, pode-se considerar que as lesdes traumaticas dos 0ssos longos do
membro torécico sdo especialmente frequentes na rotina clinica de animais de companhia e
selvagens (Bennour et al., 2014; Martins, 2016; Dal-B6 et al., 2018; Lopes e Albuquerque,
2018). De maneira que, com o crescente nimero das atividades clinicas e cirdrgicas em
animais silvestres na rotina do médico veterinario (Ortunho et al. 2014), ha uma necessidade
exponencial de ampliagdo dos conhecimentos a respeito da espécie, pois ndo obstante, nos
deparamos com problemas referentes ao processo de urbanizacdo, no qual inUmeros animais

sofrem traumas de origens diversas (Cruvinel et al. 2019).

Entretanto, no que tange o sistema esquelético, nota-se que sua morfologia difere
dos padrBes convencionais dos mamiferos domésticos, instigando a ampliagdo no
conhecimento da anatomia do referido sistema, em especial dos ossos longos do membro

torécico, alvo desta investigacdo, confrontando os achados macroscopicos com 0s
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radiogréaficos, a fim de facilitar a abordagem clinico-cirurgica desses pacientes de maneira

eficaz e segura, auxiliando no processo de preservacdo da espécie.

MATERIAL E METODOS

Utilizaram-se 34 espécimes de Tamandua tetradactyla, divididos em 15 machos e 19
fémeas, oriundos da area de Mina Bauxita Paragominas — PA, sob autorizacdo SEMA-PA N°
455/2009 e 522/2009, que foram a ébito por atropelamento, congelados e encaminhados ao
Laboratorio de Pesquisa Morfologica Animal (LaPMA) da Universidade Federal Rural da

Amazonia (UFRA), entre os anos de 2010 e 2019.

Dos animais investigados, dez tiveram umero, radio e ulna macerados em agua, com
posterior identificacdo e descricdo macroscopica de todos os acidentes anatdmicos, seguido
de radiografia dos mesmos 0ssos isoladamente. J& os outros 24 animais foram inicialmente
descongelados e radiografados apenas os membros toracicos, sem prévia dissecacdo, focando
também umero, radio e ulna. Em ambos os casos foi utilizado emissor com poténcia de 500
mA,; Digitalizador AGFA CR 30-X, em pelo duas ou trés projecdes (mediolateral,
lateromedial e craniocaudal), ajustando-se as projecGes e exposicdo radiografica de acordo

com a necessidade de cada situacao.

Toda a nomenclatura adotada foi baseada na Nomina Anatdmica Veterinaria

(International Committee on Veterinary Gross Anatomical Nomenclature, 2017).
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RESULTADOS

Respeitando a Nomina Anatémica Veterinaria (2017), e procurando identificar todos
0s acidentes anatdbmicos ja descritos no umero, radio e ulna de mamiferos domeésticos,
percebeu-se que algumas estruturas simplesmente ndo existem em outras espécies. Desta
forma, propde-se uma nova nomenclatura para determinadas particularidades dos 0ssos

longos do membro torécico do T. tetradactyla, conforme sera observado a seguir.

Com curta extensdo, o Umero do T. tetradactyla apresentou em sua face cranial,
disposto na epifise proximal, toda a extenséo dos tubérculos menor e maior, sendo que deste
insinuava a crista cranial do tubérculo maior, a qual findava formando a tuberosidade cranial
do Umero, estendendo-se do terco proximal ao médio da diéfise, paralelo a tuberosidade

deltoide, disposta abaixo da crista lateral do tubérculo maior (Figuras 1A e 1B).

Os tubérculos menor (medial) e maior (lateral) do Umero foram identificados ao
exame radiografico como semiesferas, dispostas na face cranial da epifise proximal.
Originando-se no tubérculo maior, a crista cranial do tubérculo maior era uma discreta linha
radiopaca, visivel apenas na projecdo craniocaudal, que se estendia do terco proximal ao
médio da diafise, onde foi visibilizada uma pequena area igualmente radiopaca, a
tuberosidade cranial do Umero, identificada tanto na projecdo lateromedial quanto na

craniocaudal (Figura 1D, 1E e 1F).

Distalmente a tuberosidade deltoide, e em decorréncia da forma semilunar, bem como
a posicdo acima do condilo lateral, identificou-se tal estrutura como incisura supracondilar,

situada acima da crista supracondilar lateral, que por sua vez findava formando o epicondilo
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lateral. Paralelo a incisura supracondilar localizamos o sulco do mdsculo braquial (Figuras

1A, 1B e 1C).

As imagens radiograficas, demonstraram uma curva em semicirculo (incisura
supracondilar), que findava na crista supracondilar lateral formando um angulo reto, todos
igualmente visiveis nas trés projecdes. Ao mesmo nivel dessa incisura, visibilizou-se discreta
area irregularmente radiopaca, correspondente ao sulco do musculo braquial, que nédo foi

identificado na projecéo craniocaudal (Figuras 1D, 1E e 1F).

Ainda na face cranial, agora na epifise distal, visivelmente mais larga, imediatamente
apos o epicondilo lateral, estava a tréclea, marcante, com discreta fossa radial posicionada
logo acima, e em direcéo a face medial do umero localizamos o forame supracondilar, que se
comunicava com a face mediocaudal do Umero, justaposta ao epicéndilo medial (Figuras 1A

e 1B).

Visiveis as trés projecOes radiograficas da extremidade distal, o epicondilo lateral
tinha superficie arredondada e estava justaposto a tréclea, que apresentava area lateral
esferoide e uma depressdo central, continuando medialmente em um grande epicondilo
medial. Logo acima da tréclea, havia uma pequena area radiotransparente, a fossa radial

(Figuras 1D, 1E e 1F).

Na face medial do Umero do T. tetradactyla, na epifise proximal localizava-se a
cabeca com formato de menos de meia esfera cheia, cercada pelo colo, disposta de forma
intermediaria ao tubérculo maior (lateralmente) e ao tubérculo menor (medialmente)

(Figuras 1A, 1B e 1C).
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Nas radiografias, a cabeca umeral demonstrou aspecto variavel, apresentando-se
esferoide, semiesferoide e ovalada, sob as vistas mediolateral, lateromedial e craniocaudal,

respectivamente (Figuras 1D, 1E e 1F).

Ja na diafise, visibilizou-se apenas a tuberosidade deltoide, que também ficou
aparente na face caudal, uma vez que mesmo estando disposta lateralmente, insinuava-se

caudalmente conferindo uma curvatura (Figuras 1A, 1B e 1C).

Avancando lateralmente e visivel em todas as projec@es radiogréficas, a tuberosidade

deltoide se destacava na avaliacdo radiografica da diafise (Figuras 1D, 1E e 1F).

Ainda no plano caudal do Umero do T. tetradactyla, direcionando-se
caudomedialmente, e proximo a epifise distal estava a fossa supracondilar, que se

comunicava com o forame supracondilar (Figuras 1A, 1B e 1C).

Identificou-se ainda, em todas as projecdes radiograficas, duas areas
radiotransparentes, dispostas adjacentes ao epicondilo medial, a fossa supracondilar (distal) e

o forame supracondilar (acima da fossa) (Figuras 1D, 1E e 1F).

Réadio-ulna

Tamandua tetradactyla apresentou radio-ulna completamente separados, sendo o
radio com a epifise proximal menor que a epifise distal, e terco mediodistal em forma de
cunha. A epifise proximal era mais eliptica, com superficie articular cncava, formando a
cabeca do radio e a fovea da cabeca do radio, dispostas acima da circunferéncia articular,

seguida pelo colo da cabeca do radio (Figuras 2A, 2B e 2D).
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As radiografias lateromedial e craniocaudal da epifise proximal do radio
demonstraram uma area concava de superficie radiopaca, que correspondia a cabeca do radio

e sua fovea (Figuras 2C, 2E e 2F).

No terco proximal da diafise do radio, disposta laterocaudalmente, identificou-se uma
protuberancia denominada tuberosidade lateral (Figura 2A) ndo sendo identificada a

tuberosidade radial na face contralateral.

A tuberosidade lateral, também identificada a radiografia. Na projecao lateromedial,
apresentou-se como uma protuberancia de superficie arredondada na face caudal logo abaixo
do colo; na vista craniocaudal, foi identificada como uma &rea arredondada, de margens

radiopacas igualmente localizadas abaixo do colo (Figuras 2C, 2E e 2F).

No terco mediodistal da diafise do radio observou-se uma acentuada crista
identificada como crista cranial, centralizada, a qual separava a formacéo de dois sulcos, que
foram denominados de sulco extensor cranial (estreito), e sulco extensor lateral (largo). A
existéncia desses sulcos originou a formacdo de outras duas cristas, sendo nomeadas crista
medial do radio e crista lateral do radio. A crista cranial findava de forma irregular, rugosa,
constituindo uma area nomeada de tuberosidade da crista cranial, e esta, por sua vez,
conjuminava com o processo estiloide do radio, adjacente a troclea do radio (Figuras 2A, 2B

e 2D).

A crista cranial do radio cranial foi identificada nas duas projecdes radiogréaficas; na
projecdo lateromedial, era a superficie da margem cranial do terco médio; ja sob a vista
craniocaudal, era uma linha radiopaca que fazia uma curva em dire¢cdo a margem lateral.

Paralelas entre si, e visiveis apenas na projecao craniocaudal, a crista lateral se assemelhava a
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cranial, enquanto a crista medial era a superficie da face medial do terco médio (Figuras 2C,

2E e 2F).

Na face caudal do radio ndo foram identificados acidentes anatdmicos visiveis, a
excecdo de uma area de superficie flexora, a qual era ampla no sentido longitudinal,
ocupando toda a face caudal da diafise do referido osso (em detalhe na Figura 2D), e era
visivel ao exame radiografico (projecdo craniocaudal) como uma area radiotransparente

localizada na regido distal da diafise, entre as cristas cranial e medial (Figura 2F).

A ulna do Tamandua tetradactyla acompanhava toda a extensdo do rédio,
apresentando a epifise proximal mais aparente em relagéo a epifise distal, em decorréncia do
pronunciado olécrano, o qual possuia um tubérculo relativamente amplo. Cranialmente,
estava 0 processo anconeo, seguido das incisuras troclear e radial, sendo esta disposta entre
0s processos coronoides lateral e medial, o qual era mais desenvolvido que o primeiro.
Paralelo ao processo coronoide lateral, originario do tubérculo do olécrano, identificou-se a
formacao de outra crista, que se estendia até o final do terco médio da diafise, nomeada como

crista lateral da ulna (Figuras 2A, 2B e 2D).

A radiografia da ulna, assim como a macroscopia, revelou poucos acidentes
anatdmicos, mas que foram visiveis nas duas projecGes radiograficas (lateromedial e
craniocaudal). Na extremidade proximal, o olécrano, com sua tuberosidade, tinham
superficie ligeiramente angulada. Ainda na epifise proximal, identificaram-se duas
superficies sobrepostas e em meia lua correspondentes as incisuras radial e troclear, das quais
se projetavam discretamente radiopacos, o processo anconeo (dorsal), e 0S processos

coronoides medial e lateral (Figuras 2C, 2E e 2F).
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De forma geral, a diafise da ulna apresentou-se estruturalmente simples, sem notorios
acidentes anatdmicos, com discreta presenca de uma crista inserida na margem interossea,
denominada de crista interdssea a qual se estendeu até o final da diafise. Ja na epifise distal,
foi identificada a cabeca da ulna (lateral), seguida pelo processo estiloide da ulna e face

articular carpica (Figura 2A e 2B).

Partindo do olécrano, até o terco médio distal da ulna, observou-se uma ténue linha
radiopaca longitudinal (a crista lateral). Na margem interdssea, a crista inter0ssea, era
paralela a crista lateral na projecdo craniocaudal, e seguia na margem interdssea na projecédo
lateromedial. J& na extremidade distal, a radiografia destacou a cabeca da ulna, com seu

processo estildide (mais distal) e a face articular carpica (Figura 2C, 2E e 2F).

DISCUSSAO

No que tange a morfologia de Xenartra s, poucos sdo os trabalhos publicados, que
representem numericamente, um quantitativo capaz de auxiliar no processo comparativo
guanto a anatomia radiogréafica destes individuos. Assim, buscou-se investigar e comparar 0s
acidentes anatdmicos dos 0ssos do membro toréacico do T. tetradactyla, com mamiferos de
outras Ordens, a fim de melhor compreender a disposi¢do, auséncia ou até mesmo presenca

de algumas estruturas encontradas.

Quanto ao Umero, seu tamanho e forma estdo relacionados ao tamanho e habitos dos
animais, uma vez que este 0sso suporta grande parte do peso corpéreo do individuo, bem

como determina o grau de mobilidade do membro torécico (Polly 2007).
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Tendo em vista a importancia dos bragos do T. tetradactyla, quanto a sua fungéo de
escavar para fins alimentares, bem como para defesa (Gambaryan et al. 2009), o Umero
destes animais apresentou-se robusto e relativamente curto, subsidiando estas habilidades,
assim como avaliado no Smutsia temminckii (Steyn et al. 2018), espécie mimercofaga, com

habitos muito semelhantes aos do T. tetradactyla.

Os acidentes anatdmicos do umero do T. tetradactyla, situados na extremidade
proximal revelaram igual conformacéo a descrita em Euphractus sexcinctus (Alberto et al.
2010), M. tridactyla (Lima et al. 2013) e S. temminckii (Steyn et al. 2018), animais que
curiosamente sdo pertencentes a Superordem Xenartra , no caso dos dois primeiros, e 0
terceiro, apesar de pertencer a outra Ordem (Pholidota), como supramencionado, utilizam o
membro tordcico para os mesmos fins, o que poderia justificar tais compatibilidades

morfoldgicas.

Ja a extremidade distal do Umero do T. tetradactyla, destacou-se pelo amplo
epicondilo lateral, similar ao descrito em M. tridactyla (Lima et al. 2013) e em E. sexcinctus
(Alberto et al. 2010). Como afirmado anteriormente, ambos vinculados a mesma Superordem
(Xenartra), e que provavelmente em virtude da origem para 0os musculos supinadores e
extensores, facilitariam a supinagdo e pronacdo do braco e antebrago (Polly 2007). Essa
condicéo do epicondilo se inverte no caso do Lycalopex gymnocercus (Souza Jr. et al. 2018),
onde quem se destaca € o epicondilo medial, conferindo relativa vantagem mecanica, apesar

disso ser variavel entre os canideos.

Na regido dos condilos, tanto em Saimiri sciureus (Rodriguez et al. 2015), quanto M.

tridactyla (Lima et al. 2013), os autores localizaram uma estrutura chamada de crista
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epicondilar, bem como a identificada no T. tetradactyla, no entanto, respeitando a
NOMENCLATURA ANATOMICA VETERINARIA (2017), entende-se que € mais
apropriado denomina-la de crista supracondilar lateral, a qual se situava abaixo da incisura

supracondilar, esta ndo descrita nas referidas espécies.

Diferentemente do descrito em M. tridactyla (Lima et al. 2013), em T. tetradactyla a
tuberosidade para o musculo redondo maior ndo foi identificada, descrito por exemplo no cao
(Plana et al. 2018), em Tapirus terrestris (Pereira et al. 2015) e no S. temminckii (Steyn et al.
2018), no entanto, tendo em vista que tal acidente anatdbmico é apenas um dos responsaveis
pela insercdo de musculos que retraem o membro toracico, acredita-se que sua auséncia ndo

implica diretamente na realizacdo deste movimento.

Outro ponto interessante no tmero do T. tetradactyla é a presenca da crista lateral do
tubérculo maior, correspondendo ao preconizado pela Nomina Anatbmica Veterinaria
(2017), e que no M. tridactyla (Lima et al. 2013) foi descrito como crista caudal do tubérculo
maior. No entanto, entende-se ter ocorrido um equivoco por parte dos autores, pois nos
resultados apresentados pelos mesmos, esta estrutura esta de fato alocada na face lateral, e

nao na face caudal.

Assim como nos animais domésticos (Kénig e Liebich 2016), no T. tetradactyla a
tuberosidade deltoide foi igualmente protuberante, bem como no M. tridactyla (Lima et al.
2013), porém, é diminuta em S. temminckii (Steyn et al. 2018). Tal condicdo deixa um
guestionamento intrigante, pois, como dito anteriormente, os animais da Superordem
Xenartra possuem um membro toracico bem desenvolvido do ponto de vista muscular, em

detrimento das necessidades alimentares e comportamentais de defesa, fato ndo comum aos
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animais domesticos discorridos por Kénig e Liebich (2016), e menos compreensivel ainda,
esta diferenca, no S. temminckii (Steyn et al. 2018), em tese, por possuir habito de escavar
semelhantes aos T. tetradactyla, uma vez que seria mais compreensivel que estes individuos

também possuissem a tuberosidade deltoide tdo desenvolvida quanto.

Ainda na diafise do T. tetradactyla, em sua face cranial, foi identificada uma estrutura
denominada tuberosidade cranial do umero, que no M. tridactyla (Lima et al. 2013) foi
descrito como tuberosidade deltoide medial. No entanto, pode ter ocorrido um deslize por
parte dos autores, pois ndo ha descrito em seus resultados nenhuma relagéo de tal estrutura

com musculo deltoide, ademais, a mesma esté situada na face cranial, e ndo na medial.

A partir do conhecimento macroscopico do Umero, realizou-se a avaliacdo
radiografica, afim de facilitar a descricdo e localizagdo dos acidentes anatémicos,
fundamentais principalmente para a abordagem clinico-cirdrgica. Kealy e McAllister (2005)
comentam que a radiografia é essencial para avaliar o tipo e grau de lesdo @ssea,

determinando o método de estabilizagdo adequado.

As fraturas de imero, avaliadas por meio de exames radiograficos sdo especialmente
importantes principalmente quando se considerada a acdo antrépica. A exemplo da fratura
umeral ocasionada por projétil balistico em Bradypus variegatus (Lopes e Albuguerque
2018). Além disso, Dennis e colaboradores (2010), comentam que as fraturas epifisarias sdo
especialmente comuns em animais jovens, com centros de ossificacdo abertos, enquanto na
diafise, geralmente, seguem o sulco do musculo braquial, ou sdo transversais a tuberosidade
deltoide, revelando ainda mais a necessidade de um conhecimento anatomo-radiografico

espécie-especifico, imprescindivel para fins diagndstico.
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Ja 0 segundo grupo de ossos longos do membro toracico do T. tetradactyla,
radio-ulna, tinham como caracteristica comum com outros dois animais da mesma
Superordem (M. tridactyla (Lima et al. 2013) e E. sexcintus (Alberto et al. 2010)), o fato de
serem completamente separados, porém, ligados entre si pela membrana interossea
antebraquial, da mesma forma como ocorre em ruminantes, suinos e carnivoros (Konig e
Liebich 2016) e no Atelerix albiventris (Girgiri et al. 2016), o que para o T. tetradactyla pode
ser interessante, permitindo certa mobilidade de supinacdo/pronacdo, que auxiliariam néo

apenas na escalagem, como também no processo de escavar.

Na diafise proximal do radio, mais especificamente na face medial, via de regra, nos
animais domeésticos encontra-se a tuberosidade radial (Dyce et al. 2010), a qual também foi
descrita em M. tridactyla por Lima e colaboradores (2013), porém, enquanto nesta espécie tal
estrutura se mostrou aparente e facilmente identificavel, no T. tetradactyla ndo foi
encontrada, possivelmente, nesta espécie, 0 musculo biceps braquial, insira-se apenas no
ligamento colateral cubital medial, na fascia do antebraco, e no tenddo do musculo extensor

carpo radial, conforme descrito nos animais domésticos em geral (Getty et al. 1986).

Outro ponto a considerar, na diafise do T. tetradactyla, é a presenca de trés cristas
(lateral, cranial e medial) que delimitavam os sulcos extensores (lateral e cranial),
diferentemente de M. tridactyla (Lima et al. 2013) que apresentava apenas a crista cranial
separando a face cranial nos sulcos extensores lateral e medial, contudo, é provavel que o foi
descrito como sulco extensor medial se trate do sulco extensor cranial, assim como foi

observado em T. tetradactyla, ja que ele estava claramente alocado na face cranial.
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Ja na extremidade distal do 0sso em questdo, apesar de poucos acidentes anatdmicos,
a face caudal de T. tetradactyla demonstrava uma grande superficie flexora, corroborando
com os resultados obtidos em M. tridactyla (Lima et al. 2013), cujos autores fazem referéncia
aos seus habitos alimentares. Além disso, apesar da troclea e processo estiloide terem sido
igualmente descritos, nesses Xenartras, a tuberosidade da crista cranial nao foi identificada
em nenhuma outra espécie. Contudo, para elucidar a funcéo dessa variacao anatbmica, séo

necessarios mais estudos a respeito da musculatura envolvida.

O segundo e ndo menos importante 0sso do antebraco, a ulna, era semelhante em M.
tridactyla (Lima et al. 2013), tanto em relacdo a propor¢do com o radio, quanto com o grande
olecrano, com sua tuberosidade e 0 processo anconeo, fato este que pode ter relacédo direta
com a grande demanda muscular que os membros toracicos dessas espécies apresentam, ja
que essas estruturas participam ativamente na estabilizacdo dos cotovelos (Vieira e Caetano

1999), especialmente ao considerar os habitos alimentares desses animais.

Ainda na extremidade proximal da ulna, os processos coronoides foram descritos de
modo similar em E. maximus (Ahasan et al. 2016) e Mazama gouazoubira (Souza Jr et al.
2017), sendo que no elefante asiatico o medial também era maior em comparagdo com seu
contralateral, o que pode ser explicado pela necessidade de uma maior superficie articular

para 0 Umero, ja que ele suporta a maior parte da troclea.

Apesar do corpo da ulna demonstrar poucos acidentes anatbmicos evidentes, a
estrutura que denominamos crista lateral ndo foi caracterizada nem em M. tridactyla (Lima et

al. 2013), além disso, nessa mesma espécie, foi apresentada a crista cranial, mas em T.
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tetradactyla foi considerada como crista interdssea, ja que estava na margem interdssea, e foi

igualmente descrita em L. gymnocercus (Souza Jr et al. 2018).

Por fim, a epifise distal foi diferente de A. albiventris (Girgiri et al. 2016), que
demonstrava dois processos estiloides (lateral e medial). Dentre as estruturas descritas na
extremidade distal da ulna, essa é especialmente importante, pois nos casos de lesdo, podem

se tornar um desafio diagndstico para clinicos e radiologistas (Takahashi et al. 2008).

Os acidentes anatémicos descritos na avaliagdo macroscopica do antebraco foram
igualmente identificados as radiografias. Fonseca-Alves e colaboradores (2010/2011)
comentaram que a casuistica de fraturas de radio-ulna séo especialmente comuns na rotina
clinico-cirargica de animais de companhia, e os atropelamentos estdo entre as principais
causas. Esse tipo de lesdo é facilmente identificado ao exame radiogréfico, permitindo ndo
apenas sua caracterizacdo e classificacdo, mas somado a avaliagdo clinica é uma importante
ferramenta de avaliacdo da evolucdo do processo de consolidacdo da fratura (Bolson e

Schossler 2008).

CONCLUSAO

A avaliacdo das estruturas dos 0ssos longos do membro toracico de T. tetradactyla
demonstram grande varia¢do anatdmica quando comparado a outros mamiferos, com alguns
acidentes anatdbmicos sem prévia descri¢do, tornando-o singular. Além disso, as imagens
radiograficas obtidas revelam que apesar da projecéo lateromedial demonstrar uma avaliagdo
mais ampla das estruturas, ndo se exclui a necessidade de avaliacdo em dois

posicionamentos, incluindo a avaliagdo do membro oposto quando houverem davidas na
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identificacdo das estruturas anatbmicas e/ou patologicas. Assim, 0s achados
anatomo-radiograficos desse estudo sdo de suma importadncia para uma abordagem

clinico-cirdrgica mais segura.
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Figura 1. Fotomacrografias e imagens radiograficas do Umero do Tamandua tetradactyla.
A- Face medial, B- Face lateral, C- Face caudomedial do imero, D- Imagem radiografica em
projecao mediolateral, E-Lateromedial, F- Craniocaudal. Onde podemos observar cabeca do
umero (1A, *B, 1C, 1D, *E, 1F), o colo (2A, 2D), o tubérculo maior (3A, 1B, 3D, 1E), o
tubérculo menor (4A, 2B, 2C, 4D, 2E, 2F), a crista cranial do tubérculo maior (3B, 3C, 3E,
3F), a tuberosidade deltoide (5A, 5B, 5C, 5D, 5E, 5F), a tuberosidade cranial do Umero
(4B,4E, 4C, 4F), a crista lateral do tubérculo maior (6B, 6E), a fossa supracondilar (6A,
6D), a incisura supracondilar (7A, 7B, 7D, 7E), a crista supracondilar lateral (8A, 8B, 8C,
8D, 8E, 8F), o epicondilo lateral (9A, 9B, 9C, 9D, 9E, 9F), a tréclea (10A, 11B, 10C, 10D,
11E,10F), o sulco do masculo braquial (10B, 10E), o epicondilo medial (11A, 14B, 7C, 11D,
14E, 7F), a fossa radial (12B, 12E), o forame supracondilar (13B, 13E). Barra de escala: 2cm
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Figura 2. Fotomacrografias e imagens radiograficas do radio-ulna do Tamandua
tetradactyla. A- Vista lateral do radio-ulna, B- Vista medial do ré&dio-ulna, C- Imagem
radiografica em projecdo lateromedial, D- Vista cranial do radio-ulna, E- Imagem
radiografica em projecao craniocaudal, F- Imagem radiografica em projecdo craniocaudal do
radio e da ulna separados, onde podemos observar a cabec¢a do radio (1A, 9B, 1C, 4D, 4E,
1F), o colo (2A), a tuberosidade lateral (3A, 2C, 5E, 2F), a crista cranial (4A, 11B, 3C,
5D,7E, 4F), a crista lateral do radio (5A, 6C,6D, 8E, 5F), a crista medial do radio (10B, 7D,
6E, 3F), o sulco extensor lateral (6A, 5C, 9D, 9E, 7F), o sulco extensor cranial (*B, 10D,
10E, 8F), a tuberosidade da crista cranial (7A, 12B, 4C, 8D, 11E, 6F), o processo estiloide do
radio (13B, 7C, 11D, 12E, 9F), a troclea do radio (8A, 8C, 12D, 13E, 10F), o olécrano com o
tubérculo do olécrano (9A, 1B, 9C, 1D, 1E, 11F), o processo anconeo (10A, 2B, 10C, 2D,
2E, 12F), e aiincisura radial (11A,11C), a incisura troclear (4B), o processo coronoide lateral
(12A, 13C, 13F), o processo coronoide medial (3B, 12C, 3D, 3E, 14F), a crista lateral da ulna
(13A), a crista interdssea (14A, 5A,14C, 15F), a cabeca da ulna (6B, 15C, 16F), o processo
estiloide da ulna (15A, 7B, 16C,14E, 17F) e a face articular carpica (16A, 8B, 17C, 15E,
18F). No detalhe observamos a face caudal com a superficie flexora (13D). Barra de escala:
2cm



