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INTRODUCTION
The lesser anteater (Tamandua tetradactyla, Linnaeus, 1758) 
belongs to the Class Mammalia, Superorder Xenarthra, Order 
Pilosa, Subordem Vermilingua, Family Myrmecophagidae, Genus 
Tamandua. The Order Pilosa consists of anteaters and sloths 
(Medri et al., 2011). In turn, the Myrmecophagidae Family is 
made up Tamandua tetradactyla together with Myrmecophaga 
tridactyla and M. mexicana, Linnaeus, 1758 (MACHADO et al., 
2008). The species is endemic to cis-andine America (Ohana 
et al., 2015) and has been recorded east of the Andes, from the 
Guianas, through Venezuela, Colombia, down to northern 

Argentina and Uruguay (Superina; Abba, 2010). In Brazil, it 
occurs in all biomes (Fonseca et al., 1996; Paglia et al., 2012). 

The main characteristic of this species is the total absence 
of teeth and the presence of a long and conical nose that 
accommodates a vermiform tongue that is used to capture 
food. The ears are tiny, the eyes small and black, forelimbs 
strong and provided with claws protected by palmar support, 
which is the only means of defense and a tool for searching 
for food (Miranda, 2014). 

The main threats identified for the taxon are habitat 
loss caused by fire, land conversion for agricultural activity, 
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predation by exotic species, deforestation, the increase in the 
road networkiand hunting (Aguiar; Fonseca, 2008; Noss et al. 
2008). Such threats associated with inefficient wildlife con-
servation practices have generated an increase in the number 
of cases of routine veterinary care for wild animals that are 
victims of being run over, burns, hunting, dog attacks, and 
infectious diseases (Torres et al., 2019).

There is a growing need to expand studies on anatomy, 
physiology, ecology, anesthesia, clinic and surgery of wild ani-
mals. This reflection is perceived daily in the search for knowl-
edge and updating in diagnostic techniques by veterinarians, 
who seek an accurate prognosis and more appropriate treat-
ment (Mackey et al., 2008).

Studies on surgical access have already been described in 
domestic species, such as dogs (Latorre, 2012; Fossum, 2021; 
Piermattei; Flo; Decamp, 2016) as well as in wild animals, such 
as giant anteaters (Sesoko, 2012, Magalhães, 2022), Brown-
throated sloths (Martins et al., 2017), sloths (Lima et al., 
2019), black howler monkeys (PACHECO; PACHECO, 
2021), Mandrills (Tong; Guiot, 2013) and Others. 

Knowledge of the anatomical region that will be submit-
ted to a surgical intervention is essential for successful surgical 
procedures (Relva, 2010). The theme addressed in this work 
arises from the need to expand knowledge about the species, 
the morphological description of the musculature that makes 
up the forelimb and the performance of a comparative anal-
ysis with other domestic or wild species already described. 

This work aims to expand the view on Tamandua tet-
radactyla and generate knowledge that will be used in the 
medical and surgical care of wild animals, providing infor-
mation for performing the most appropriate surgical access 
for diaphyseal osteosynthesis of long bones of the forelimb, 
which will promote assertive therapy of bone trauma in these 
animals and collaborate towards with the conservation and 
well-being of this species.

MATERIAL AND METHODS

Macroscopic Analysis

Seven corpses of male and female Tamandua tetradactyla were 
selected and analyzed, composed of one juvenile and six adults 
of different ages. The animals were donated by the Bauxite 
Mine located in Paragominas - Pará. They had died due to 
natural and/or human-induced causes and were donated to the 
Animal Morphological Research Laboratory (LaPMA) under 
authorization SEMA-PA No. 455/2009 and No. 522/2009, 
and SISBIO No. 23401-5.

The animals were fixed in a 10% formaldehyde aqueous 
solution through intramuscular and body cavity infusions and 
were kept submerged in the solution for a minimum period 
of seven days before dissection. To better distinguish between 
the samples, the animals were identified as anteater 1 (A1), 

anteater 2 (A2), anteater 3 (A3), anteater 4 (A4), anteater 5 
(A5), anteater 6 (A6) and anteater 7 (A7). 

Bilateral dissection of the thoracic limbs was performed 
with skin reflection, identification of the arm and forearm 
muscles through their insertion and function in the limbs, and 
also of the vessels and nerves, the incision planes that departed 
from the skin and subcutaneous tissue. In six animals (A1, 
A2, A3, A4, A5 and A6) the skin of the thoracic region was 
sectioned and reflected to better visualize this region. The inci-
sions were made from the cartilage of the manubrium to the 
xiphoid process, followed by the removal of the forelimbs. and 
identification of the bilateral musculature of the forelimb of 
specimens A2, A3, A4, A5 and A6. 

Additionally, in A1, through the dissection performed in 
the carotid artery, injection of Neoprene latex dyed in red was 
administered, to identify the arterial vascularization of the tho-
racic limb; in A6 and A7, simulations of surgical accesses to the 
humeral, radial and ulnar. All structures were thoroughly ana-
lyzed, identified and photographed in order to document the 
results. All nomenclature adopted was based on the Veterinary 
Anatomical Nomenclature (International Committee on 
Veterinary Gross Anatomical Nomenclature, 2017).

RESULTS

Macroscopic Analysis

The previously undescribed musculature of T. tetradactyla was 
robust, especially the arm muscles. The following muscles were 
identified in the lateral view: supraspinatus, teres major, tensor 
fasciae antebrachii, triceps brachii long head, triceps brachii lateral 
head, deltoid scapular part, deltoid acromial portion, anconeus, 
infraspinatus and teres minor (Figure 1). It was observed that the 
deltoid muscle is divided into an acromial portion, which origi-
nates from the acromion and inserts into the lateral epicondyle 
of the humerus, and a scapular portion, which originates from 
the spine of the scapula and inserts into the deltoid tuberosity. 

Figure 1. Photomacrograph lateral view of the right arm of T. 
tetradactyla (A2), demonstrating the muscles: supraspinatus 
(1), teres major (2), forearm fascia tensor (3), triceps brachii long 
head (4), deltoid scapular part (5), deltoid acromial part (6), triceps 
brachii lateral head (7), anconeus (8). Scale bar: 1cm.
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The M. triceps brachii has three heads: long, lateral 
and medial; the long and lateral heads were observed later-
ally. These and have a lateral origin in the humerus and are 
inserted in the olecranon. The medial head is only visualized 
in the medial view of the arm, in which its origin is found 
in the middle third of the humerus and insertion also in the 
olecranon. The M. supraspinatus originates on the spine of 
the scapula and has the greater tubercle of the humerus as 
its insertion site. M. tensor fascia antebrachii is a continua-
tion of M. latissimus dorsi that runs caudally to the caudal 
border of the scapula and inserts into the olecranon, and M. 
anconeus originates from the caudal part of the olecranon and 
inserts into the proximal third of the ulna.

In the lateral view of the forearm, the following muscles were 
identified: lateral digital extensor, carpi ulnar extensor, common 
digital extensor, carpi radialis extensor, superficial head brachio-
radialis, deep head brachioradialis, index extensor and supinator 
(Figure 2). As for muscle origins and insertions, it was found that 
the lateral digital extensor, carpi ulnar extensor, common digital 
extensor and carpi radialis extensor originate on the lateral epi-
condyle of the humerus and insert on the fourth metacarpal, on 
the palmar surface of the hand, on the proximal phalanges and 
distal row of carpals dorsally to the hand, respectively. 

It was observed that the M. brachioradialis has two 
heads, superficial and deep, originating laterally in the dis-
tal third of the humerus and inserting in the final third of 
the radius, while the extensor index originates in the prox-
imal third of the ulna and its insertion tendon is divided 
into two branches, the medial branch with insertion on the 
dorsal surface of the distal phalanx of the first finger and 
the lateral branch with insertion on the dorsal surface of 
the phalanx. Finally, the M. supinator originates in the lat-
eral epicondyle of the humerus and inserts in the proximal 
third of the radius.

In the medial view of the arm, the following muscles 
were identified: subscapularis, latissimus dorsi, teres major, 
tensor fasciae antebrachii, triceps brachii long head, triceps 
brachii medial head, anconeus epitrochlearis, deltoid acromial 
portion, biceps brachii long head, biceps brachii short head 
(Figure 3). Next, the origin and insertion of the musculature 
identified were verified with the M. subscapular originating in 
the medial margin of the scapula and inserted in the greater 
tubercle of the humerus. Additionally, the M. anconeus epi-
trochlearis that originated in the caudal part was visualized for 
the olecranon, as well as its insertion in the anconeal process. 
It was also found that the M. biceps brachii has two heads, 
the long one originating in the coracoid process of the scap-
ula and inserted in the proximal third of the ulna, and the 
short one originating in the middle third of the humerus and 
inserting in the third proximal to the radius.

In the medial view of the forearm, the following muscles 
were identified: superficial digital flexor, superficial head bra-
chioradialis, deep digital flexor, carpi radialis flexor, teres pro-
nator, long head biceps, short head biceps, coracobrachialis 
and triceps (Figure 4). The origin and insertion of these was 
also detailed, and it was noted that the Mm. Superficial digital 
flexor and deep digital flexor originate in the medial epicon-
dyle of the humerus, when inserted the superficial inserts into 
phalanges III and IV, while the deep inserts into phalanx II.

Furthermore, the M. flexor carpi radialis originates in 
the lateral epicondyle of the humerus and inserts in the distal 
row of the carpi dorsally to the hand while the M. pronator 
teres originates in the medial epicondyle of the humerus and 

Figure 2. Photomacrograph of the lateral view of the right 
forearm of T. tetradactyla (A2), demonstrating the muscles: 
deep digital flexor (1), carpi ulnaris extensor (2), common digital 
extensor (3), carpi radialis extensor (4), deep head brachioradialis 
(5), superficial head brachioradialis (5*), extensor indicis (6) and 
supinator (7). Scale bar: 1 cm.

Figure 3. Photomacrograph medial view of the right arm of T. 
tetradactyla (A2), demonstrating the muscles: subscapularis 
(1), latissimus dorsi (2), teres major (3), forearm fascia tensor 
(4), triceps brachii long head (5), triceps brachii medial head (6), 
anconeus epitrochlearis (7), deltoid acromial part (8), biceps 
brachii short head (9), biceps brachii long head (*). Scale bar: 1 cm.
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inserts in the distal third of the radius. Finally, the M. cora-
cobrachialis originates on the coracoid process of the scapula 
and inserts on the middle third of the humerus.

Rete Mirabile of Tamandua Tetradactyla

After previous bilateral dissection and identification of the 
musculature of the thoracic limbs of animal A1, which had 
previously been injected with latex, the superficial and deep 
pectoral muscles were sectioned, divulsed and reflected to 
expose and identify the branches of the arm and forearm of 
the brachial plexus and rete mirabile (Figure 5). The complex 
arterial vascular network was visualized in the thoracic limb 
medially inserting in the muscles: superficial head brachiora-
dialis, teres pronator, deep digital flexor, carpi radialis flexor. 

Surgical Access for Humeral Shaft in 
Tamandua Tetradactyla

From analysis of the anatomical findings, it is suggested that 
the best surgical access to the humeral diaphysis is crani-
ally through the medial surface, since robust muscle groups 
are found on the lateral surface and are difficult to divulse. 

For surgical access, the specimen was positioned with the aid 
of a surgical drape in dorsal decubitus, and a skin and fascia 
incision were made from the proximal epiphysis to the medial 
epicondyle distally (Figure 6A). Subsequently, the biceps bra-
chii short head and long head muscles were identified and 
divulsed (Figure 6B), to expose the proximal portion of the 
humerus. The M. biceps brachii short head was retracted cra-
nially and the M. biceps brachii long head caudally, so as to 
enable visualization of the proximal diaphyseal surface of the 
humerus (Figure 6C). 

Surgical Access for Diaphysis of the Radius in 
Tamandua Tetradactyla

For access to the radial diaphysis, it is suggested that the best 
approach is through the cranial face, laterally, since the rete 
mirabile of the forelimb of the specimen is found on the 
medial face. For surgical access, the animal was positioned in 
dorsal decubitus using a surgical chute and a skin and fascia 
incision was made from the proximal epiphysis of the radius 
to the distal middle third of the limb, distally (Figure 7A). 
Subsequently, the extensor indicis and supinator muscles 
(Figure 7B) were identified and divulsed, the M. supinator was 

Figure 4. Photomacrograph of the medial view of the right 
forearm of T. tetradactyla (A2), demonstrating the muscles: 
superficial digital flexor (1 and 1*); brachioradialis superficial head 
(2); deep digital flexor (3); flexor carpi radialis (4); round pronator 
(5). Scale bar: 1 cm.

Figure 5. Photomacrograph of the medial view of the forearm of 
T. tetradactyla (A1), demonstrating the rete mirabile (1) inserting 
into the muscles: brachioradialis superficial head (2), pronator 
teres (3), flexor carpi radialis (4), deep digital flexor (5), superficial 
digital flexor (6). Scale bar: 1 cm. 

Figure 6. A - Skin and fascia incision in the medial approach of the 
right forelimb of T. tetradactyla. B - Identification and description 
of the short head (1) and long head (2) biceps brachii muscles; C 
– Exposure of the humeral shaft (1), biceps brachii short head (2) 
and biceps brachii long head (3) muscles. Scale bar: 1 cm.
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retracted cranially and the M. extensor indicis caudally, thus 
obtaining a view of the diaphysis of the radius (Figure 7C). 

Surgical Access to the Ulnar Shaft in 
Tamandua Tetradactyla

The best approach for surgical access to the ulnar diaphysis 
is caudally from the lateral face, since the rete mirabile of 
the forelimb of the specimen is found on the medial face. 
The animal was positioned in dorsal decubitus with the aid 
of a surgical trough and a skin and fascia incision was made 
distally from the proximal epiphysis to the tuberosity of 
the crest of the ulna (Figure 8A). Subsequently, the exten-
sor carpi ulnaris and the common digital extensor muscles 
were identified and divulsed (Figure 8B), the common digi-
tal extensor muscle was retracted cranially and the extensor 
carpi ulnaris caudally, thus obtaining a view of the diaphysis 
of the ulna (Figure 8C). 

DISCUSSION
Tamandua tetradactyla presented anatomical particularities in 
the forelimb that differ from those of domestic animals, spe-
cies of Xenarthras, such as Linnaeus’s two-toed sloth and the 
brown-throated sloth (Lima et al., 2019; Silva et al., 2021), and 
other arboreal species such as primates, due to the high mus-
cular development. However, they resemble the characteristics 

of Tamandua sp., the giant anteater (Magalhães, 2022; Sesoko, 
2012; Taylor, 1978). 

The musculature of the thoracic limb, arm and forearm 
have the general function of flexion and extension of the 
forelimbs (KARDONG, 2010), essential movements for T. 
tetradactyla, as they favor traction with the claws in feeding 
and defense. As for the muscular development of the arm and 
forearm of the species studied, robust muscle groups were 
observed in the arm and well-developed musculature in the 
forearm, like the giant anteater, while in the brown-throated 
sloth the arm has less muscle development in relation to the 
forearm musculature (Diniz et al., 2018). 

In the arm of T. tetradactyla, the triceps brachii muscle 
had three heads, lateral, long and medial, as occurs in giant 
anteaters, brown-throated sloths, capuchin monkeys, dogs, 
horses, cattle, pigs and rats (Diniz et al., 2018; Dyce, 2019; 
Greene, 1955; König, 2021; Lima et al., 2017; Magalhães, 
2022). This is in contrast with the night monkey, which only 
has two heads of the triceps brachii muscle, the long and 
the medial, and also the domestic dog and wild dogs, which 
have one more head, the accessory (Dyce, 2019; Rodrigues 
et al., 2013). 

In the forearm, the brachioradialis muscle, responsible 
for the supination movement, in T. tetradactyla presented 
two heads, superficial and deep, unlike the form that occurs 
in giant anteaters, brown-throated sloths, night monkeys, 

Figure 7. A - Skin incision by craniolateral approach to the 
right radius of T. tetradactyla and visualization of the fascia. B - 
Identification, divulsion and reflection of the extensor indicis (1) 
and supinator (2) muscles. C - Exposure of the radial diaphysis 
(1). Scale bar: 1 cm.

Figure 8. A - Cutaneous incision by lateral approach to the right 
ulna of T. tetradactyla. B - Identification and divulsion of the 
extensor carpi ulnaris (1) and common digital extensor muscles 
(2); C – Exposure of the ulnar diaphysis (*). Scale bar: 1 cm.
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dogs and cats, which have the brachioradialis muscle with-
out heads (Diniz et al., 2018; Dyce, 2019; Lima et al., 2017; 
Magalhães, 2022; Sesoko, 2012).

In addition, in T. tetradactyla some anatomical varia-
tions stand out, such as the epitocleo-anconeus muscle and 
the double ramification of the tendon at the insertion of the 
extensor indicis muscle, which is divided into a medial branch 
and insertion into the dorsal face of the distal phalanx of the 
first finger and a lateral branch and insertion on the dorsal 
face of the phalanx, which favor greater breadth in the move-
ment of the claws, which are essential for capturing food and 
for arboreal habits. 

In general, the muscles that compose the arm and fore-
arm of T. tetradactyla are the same as those found in domestic 
species and Xenarthas (Diniz et al., 2018; Dyce, 2019; König, 
2021; Magalhães, 2022; Martins et al., 2017; Sesoko, 2012). 
However, through the presence of some distinct muscles we 
suggest that these are anatomical variations between the differ-
ent species, these being any escape from what is more common, 
without prejudice to functionality (Thompson et al., 1988). 

For surgical access to the humeral diaphysis in T. tetra-
dactyla, we determined that the best visualization is cranially 
through the medial face, with the divulsion of the biceps brachii 
muscles long head and short head. The same access is reported 
in giant anteaters, as the humerus has structures on the cra-
niolateral surface that make this approach difficult (Sesoko, 
2012). In black howler monkeys and brown-throated sloths, 
unlike the species studied, the lateral approach is reported 
(Martins et al., 2017; Pacheco; Pacheco, 2021). With dogs, 
access occurs craniolaterally with the rebound of the Mm. 
brachiocephalic and superficial pectoralis cranially as well 
as the M. brachial caudally (Fossum, 2021; Latorre, 2012). 

Thus, we observed that the robust musculature of the arm 
laterally was a decisive factor in choosing the medial approach, 
since the great development of the triceps brachii long head 
and triceps brachii lateral head muscles, made it difficult to 
divulse and access the humeral diaphysis. It is worth mention-
ing the specialization of the teres major muscle, which allows 
a great capacity for shoulder retraction, unlike what occurs 
in other mammals, as well as providing caudal rotation of 
the entire limb, which demonstrates its usefulness in climb-
ing, attacking insect nests and in defensive behavior (Sesoko, 
2012; Taylor, 1978). 

Furthermore, we determined that the surgical access to 
the diaphysis of the radius in T. tetradactyla is performed lat-
erally through the cranial face; due to the presence of the rete 
mirabile, the medial approach is not indicated, since vascular-
ization is closely related to the muscles adjacent to the bone. 
The same approach is also reported in arboreal royal sloth and 
in Linnaeus’s two-toed sloth species (Lima et al., 2019; Martins 
et al., 2017), as well as in mandrills (Tong; Guiot, 2013). 

With dogs it is recommended to make the incision on 
the craniomedial surface, as the radius is more superficial in 

this region and does not have muscle coverage, in addition 
to being easily palpated, which allows exposure with minimal 
bleeding, but the craniolateral access is also performed because 
it provides access to the proximal shaft of the radius with 
simultaneous access to the shaft of the ulna (Johnson, 2022; 
Latorre, 2012; Piermattei; Flo; Decamp, 2016). The incision 
on the craniomedial surface is recommended to giant anteat-
ers, surgical access to the diaphysis of the radius can be per-
formed laterally or medially (Magalhães, 2022). 

Surgical access to the ulnar diaphysis in T. tetradactyla was 
determined by the lateral face, caudally, in which it is possible 
to palpate the bone, serving as a guide for the skin and fascia 
incision, followed by identification and divulsion of the Mm. 
common digital extensor and extensor carpi ulnaris. In dogs, 
access to the proximal ulnar shaft is performed on the caudal 
edge, from the tuberosity of the olecranon to the middle third 
of the forearm, until reaching the ulnar styloid apophysis, 
which is palpable (Latorre, 2012). In brown-throated sloths 
and Linnaeus’s two-toed sloths, the same access is performed 
through the caudal approach to the bone, releasing the fixation 
of the flexor carpi ulnaris muscle (Lima et al., 2019; Martins 
et al., 2017). In giant anteaters, there are more reports so far 
on the aforementioned issue. 

The presence of the rete mirabile on the medial face of the 
limb, previously undescribed in the species, had a direct impact on 
the suggestion of surgical accesses to the radial and ulnar diaphy-
sis, since the complex vascularization inserts and irrigates several 
muscles, these being: brachioradialis superficial head, pronator 
teres, flexor digitalis profundus, flexor carpi radialis. The complex 
vascular network is highly developed in arboreal mammals and 
is called the “muscle bundle” (O’dea, 1990); among its functions 
is to act as a blood reservoir and storage to prevent blood stasis 
during prolonged muscle contraction (Adam, 1999). 

In Xenarthras, Fernandes (2021) described the rete mira-
bile in sloths with a medial location on the forelimb, origi-
nating in the brachial artery and branching out in the dis-
tal portion, passing through the supratrochlear foramen, in 
order to irrigate the arm muscles. In the Mexican Tamandua, 
the rete mirabile appeared after a branching of the superficial 
antebrachial artery, divided into two branches, lateral and 
medial, and the distal ends of both arterial plexuses of the 
forearm anastomosed towards the back of the hand (Polania-
Guzmán; Vélez-García, 2019). As for armadillos, in them the 
aforementioned vascularization is present in the tail, a site that 
facilitates and accelerates venipuncture (Luaces et al., 2011). 

Finally, through the morphological analysis of the fore-
limb of T. tetradactyla, we observed that the development and 
modification of the muscles, as well as the presence of the rete 
mirabile, directly influenced the choice of surgical approaches 
to the humeral, radial and ulnar diaphysis. Therefore, it is 
important to consider anatomical variations when performing 
clinical procedures and suggesting assertive surgical approaches 
in the growing care of wild animals. 
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