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ABSTRACT.- Alcantara S.F, Amorim M.J.A.L, Albuquerque P.V,, Mesquita E.P, Miranda M.E.L.C.,
Andrade G.P, Nascimento N.E.O. & Nascimento J.C.S. 2020. Description of brachial plexus of
sloth (Bradypus variegatus). Pesquisa Veterindria Brasileira 40(10):824-829. Departamento
de Morfologia e Fisiologia Animal, Universidade Federal Rural de Pernambuco, Rua Dom
Manoel de Medeiros s/n, Recife, PE 52171-900, Brazil. E-mail: alcantarabio35@gmail.com

The species Bradypus variegatus is known as the common sloth, an endemic mammal
from neotropical regions, which has been suffering from devastating anthropogenic activities.
Our study aimed to describe the brachial plexus of B. variegates, regarding the origin and
distribution of nerves, through the sampling of 10 adult females. Analyses were carried out
at the Anatomy Section, “Departamento de Morfologia e Fisiologia Animal”, “Universidade
Federal Rural de Pernambuco”, under license no. 034/2015 of the Ethics Committee on
the Use of Animals. The results determined that the brachial plexus of the common sloth
starts from the fifth cervical spine segment until the second thoracic segment. This area
contains the long and suprascapular thoracic nerves, which originate immediately from the
medullary segment 5 and 6, respectively, and from the pectoral, subscapular, axillary, radial,
musculocutaneous, medial, forearm and ulnar medial cutaneous nerves, arising from a trunk
comprised of cervical spine nerves (C) 7, C8, C9, and thoracic (T) 1 and T2. Regarding other
wild and domestic animals, different suggestions were observed about the origin of the
plexus in B. variegatus, however, the constituent nerves and their innervation areas did not
demonstrate any discrepancies.

INDEX TERMS: Brachial plexus, sloth, Bradypus variegatus, Bradypodidae, thoracic members, spinal

nerves, neuroanatomy, nervous system, morphology.

RESUMO.- [Descri¢do do plexo braquial do bicho-preguica
(Bradypus variegatus).] A espécie Bradypus variegatus é
conhecida como pregui¢ca-comum. Trata-se de um mamifero
endémico de regides neotropicais que vem sofrendo com a
acdo antrépica devastadora. Esses Bradipodideos possuem
trés dedos nos membros toracicos e pélvicos, sdo arboricolas
consagrados e descem ao solo apenas para excretar e trocar
de arvore. O estudo teve como objetivo descrever o plexo
braquial de B. variegatus em relagdo a origem e distribui¢do
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dos nervos. Para tal, utilizou-se 10 fémeas adultas. As analises
foram realizadas no Pavilhdo de Anatomia do Departamento
de Morfologia e Fisiologia Animal da Universidade Federal
Rural de Pernambuco, sob a licengan® 034/2015 do Comité
de Etica no Uso de Animais. Os cadaveres foram obtidos apés
morte natural, fixados em formaldeido a 20%, conservados
em solucdo salina a 30% em tanques e dissecados para a
visualizacdo dos nervos destinados a inervar os membros e
musculos toracicos. Uma vez feito, constatou-se que o plexo
braquial da pregui¢ca-comum se origina do quinto segmento
espinal cervical, se estendendo até o segundo segmento toracico.
Sendo formado pelos nervos toracico longo e supraescapular,
de origem imediatamente do segmento medular 5 e 6,
respectivamente, e pelos nervos peitorais, subescapulares,
axilar, radial, musculocutaneo, mediano, cutidneo medial do
antebraco e ulnar, decorrentes de um tronco formado a partir
de nervos espinais cervicais (C) 7, C8, C9, e toracicos (T) 1 e
T2. Em comparacdo a outros animais silvestres e domésticos
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foram observadas diferentes disposi¢cdes em relacdo a origem
do plexo de B. variegatus, todavia, os nervos constituintes e
suas areas de inervacdo nao apresentaram discrepancias.

TERMOS DE INDEXACAO: Plexo braquial, bicho-preguica, Bradypus
variegatus, Bradipodideos, membro toracico, nervos espinais,
neuroanatomia, sistema nervoso, morfologia.

INTRODUCTION

Sloths are placental mammals that have a herbivorous diet and
low metabolism. They belong to the order Pilosa, superorder
Xenarthra, which is considered as the most distinct group
among the Eutheria, encompassing animals with distinct
behaviours, habitats and morphologies (Fernandez & Miranda
2007, Adami et al. 2013). Sloths are distributed across two
genera due to the quantity of data available on their thoracic
members, the genus Choloepus, two-toed and the genus
Bradypus, three-toed. These animals are easily found in the
neotropical regions. Bradypodidae are represented by four
species: Bradypus variegatus, Bradypus tridactylus, Bradypus
torquatus and Bradypus pygmaeus. The latter species is
endemic to the Escudo de Veraguas Island, located in Panama,
whereas the first species presents an extensive distribution
and for this reason is known as the common sloth (Azarias
2005, Wilson & Reeder 2005, Kaviar et al. 2012).

Characterised by their peculiar habitats, sloths live in the
forest canopy, suspended by their claws and their bodies are
covered by hairs which are covered by green algae which
aids in their camouflage. They descend to the ground only
to change tree or to defecate, as on the ground they become
more susceptible to predators such as snakes and jaguars,
due to their slow movements in this environment, which has
contributed to the decrease in the number of individuals (Pauli
etal. 2014). The introduction of exotic species and fragmentation
of environments as a result of anthropic activities, culminate
in their increased risk of extinction (Cullen Junior etal. 2001).
The genus Bradypus, has especially suffered from these impacts
and according to the International Union for Conservation of
Nature (IUCN 2019), some species are threatened such as B.
torquartus which is classified as vulnerable and B. pygmaeus
which is classified as critically endangered.

In terms of anatomical characteristics, sloths present
differences in the number of cervical vertebrae, with Choloepus
hoffmanni having five to six vertebra, Choloepus didactylus
having six to seven, and B. variegatus having between six and
nine vertebrae. This characteristic allows for these animals to
rotate their heads up to 270 degrees, facilitating the search
for food and better identification of potential predators. This
skeletal variation has been associated with the number of
spinal segments. However, between seven and eight cervical
vertebrae have been found in domestic mammals (Hautier
etal. 2010, Cruz et al. 2013).

It is already known that each pair of cervical spinal
nerves enter through the intervertebral foramina above each
corresponding vertebra, however the eighth pair of nerves
pass below the seventh cervical vertebra (Getty et al. 1986,
Adami etal. 2013). The ventral and dorsal roots are inserted
into the intervertebral foramen and join together to form
the brachial and lumbosacral plexuses (Dyce et al. 2010).
Considering that this is a fragile region of the peripheral
nervous system, with regard to trauma exposure, a lesion in

the brachial plexus can cause serious damage, such as the
paralysis of thoracic members, decreasing an individual’s
quality of life and impairing, principally, the locomotion of
tree species (Nowak 1999, Pereira 2015). As this is an area
of anatomical relationships with the mobile structures of the
neck and shoulders, tractions can occur, resulting in lesions
or even penetrating injuries (Flores 2006).

During the evolutionary process there was an ascension
in the cranial direction of the spinal nerve trunks which
contributed to the formation of the brachial plexus, where
the fourth spinal nerve was reached in monkeys (Parada et
al. 1989). Just as with these primates, it is expected that there
will be a pathway coming off the brachial plexus trunk in the
first cervical vertebrae in sloths, in a cranial direction, since
monkeys and sloths are both tree-living animals, inhabiting
similar habitats. In this context, we aim to describe the
anatomy of this plexus in B. variegatus indicating the origin and
distribution of constituent nerves, with the aim of providing
clinical medical data for this species.

MATERIALS AND METHODS

In order to carry out this research, the project was approved under
the license no. 034/2015 from the Ethics committee on the Use of
Animals at the “Universidade Federal Rural de Pernambuco” (UFRPE)
and SISBIO no. 46665-3, for which 10 adult female individuals of
the species Bradypus variegatus Schinz, 1825 (Mammalia: Pilosa)
were used. The animals were donated post natural death by the
“Centro de Triagem de Animais Silvestres”, CETAS-Tangara. The
animals were then sent to the collection of the Area of Anatomy of
the “Departamento de Morfologia e Fisiologia Animal” (DFMA) of
the UFRPE. The analyses performed were properly described and
the photos documented with the aid of a Canon T6 camera and a
schematic drawing was produced to facilitate the understanding
of the results. The names of the structures were based on the
determinations of the Nomina Anatomica Veterninaria in 2017.

The corpses were fixed by the cannulation of the common left
carotid artery, using 20% formaldehyde and conserved in 30% saline
solution in tanks. The dissection was performed through a medial
sagittal ventral incision, from the larynx to the xiphoid process
of the sternum bone and through transverse insertions with the
formation of lateral windows. A medial incision was then made from
the root of the thoracic limb to the wrist, with the opening of skin
and musculature for the identification of the nerves that constitute
the brachial plexus.

RESULTS

The brachial plexus of the common sloth did not demonstrate
anatomical variation between study specimens. The specimens
presented eight cervical vertebrae and seven pairs of spinal
nerves forming the plexus, with the emergence of the first pair
between the fourth and fifth cervical vertebrae and the last
between the second and third thoracic vertebrae. The plexus in
both antimeres was derived from the fifth to the ninth cervical
medullary segment and from the first and second thoracic
segments, corresponding to the cervical spinal nerves (C) 5, C6,
C7,C8 and C9 and the thoracis spinal nerves (T) 1 and T2 (Fig.1).

As for the brachial plexus arrangement in Bradypus variegatus,
it was found that the long thoracic nerve emerged from the
fifth cervical spinal segment, responsible for innervating the
lateral portion of the chest. The suprascapular nerve originated
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from the sixth segment and supplied the deep musculature
of the lateral region of the scapula (Fig.1 and 2).

A pattern comprised of two trunks was observed in the
study animals, a cranial trunk originating from the junction
of the convergence of the C7 and C8 nerves with the C9 nerve.
The nerve originating from C7 and C8 emitted subscapular
pathways, responsible for innervating the medial scapular
muscles. The other trunk was comprised of T1 and T2 with
the contribution of T3. The trunks, cranial and caudal, were
joined together in a common trunk, from which two fascicles
appeared, the ventral and dorsal, and from these came the
innervation of the chest muscles and limbs (Fig.1 and 2).

From the common trunk came two pectoral nerves which
innervated the pectoral muscles. The axillary nerve originated
from the dorsal fascicle and ran through the medial scapular
muscles, the thoracodorsal nerve (which innervated the
dorsal portion of the chest and the radial nerve), extending
in the direction of the deep lateral region of the arm. From
the ventral fascicle came the medial cutaneous nerves of the
forearm, the ulnar nerve, the median and musculo cutaneous
nerves, the last two originated from a single nerve that
suffered a bifurcation. The medial cutaneous nerves of the
forearm, ulnar nerve and median nerve were distributed up
to the forearm (Fig.2).

Fig.1. Photomacroscopy of the origin of the brachial plexus of the adult sloth (Bradypus variegatus). (A) Identification of the positioning of
the cranial (TCr) and caudal (TCa) trunks forming the common trunk (TC). (B) Origin of the ventral (FV) and dorsal (FD) fascicles. The
cervical vertebrae (VC), thoracic vertebrae (VT), cervical spinal nerves (C), thoracic spinal nerves (T), the nerve formed by the joining
of the seventh and eighth cervical spinal nerves (*), the suprascapular nerve (NSP), the subscapular nerves (NSBs), the pectoral nerves
(NPs), the contribution of the third pair of thoracic spinal nerves to the second pair (+).

Ja\
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Fig.2. Photomacroscopy of the brachial plexus of the adult sloth (Bradypus variegatus). (A) Identification of the pathways near the common

trunk (TC) and the dorsal fascicle (FD). (B) Identification of the distal pathways of the ventral (FV) and dorsal fascicles (FD). The
subscapular nerves (NSBs), the long thoracic nerve (NTL), pectoral nerves (NPs), the thoracodorsal nerve (NTD), the axillary nerve
(ND), the radial nerve (NR), the medial cutaneous nerve of the forearm (NCMA), the median nerve (NM), the musculocutaneous nerve

(NMC) and the ulnar nerve (NU).
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The pattern observed for the distribution of the brachial
plexus of the studied Bradypodidae can be seen schematically
in Figure 3.

DISCUSSION

The brachial plexus of the common sloth originated from C5 to
T2, with the contribution of T3. This information is different to
that found in previous studies on other eutherians. In domestic
animals, for example, the brachial plexus is more commonly
formed by the C6 to T2 nerves (Ghoshal 1986). In studies by
(Souza]Junioretal. 2014) and (Vieira et al. 2013), they found
thatin Cerdocyon thous and Mazama gouazoubira the plexuses
were comprised of the C6 to T1 nerves, whereas, for horses
and cattle the plexuses were comprised of the C6 to T2 nerves.
For wild mammals such as Hydrochoerus hydrochaeris, the
plexus is formed by C4 to T1 nerves (Fioretto et al. 2003).
Whereas, for Hystrix cristata, Agouti paca and Cebus apella,
the brachial plexus was observed to be comprised of C5 to T2
nerves (Aydin 2003, Ribeiro et al. 2005, Scavone et al. 2008).
C4 to T2 combinations were described for Tayassu tajacu
(Mouraetal. 2007), whereas Kawashima etal. (2007), Cruz &
Adimi (2010) and Santos et al. (2016) noted that for Leopardus
geoffrayi, Pongo pygmaeus, Logothrix lagotricha, Callithrix
jacchus and Callithrix penicillata the nerves extend from C5
to T1. According to (Moura et al. 2007), the variation in the
origin of the brachial plexus may be related to embryological

Fig.3. Schematic drawing of the brachial plexus of the adult sloth
(Bradypus variegatus). Cervical vertebrae (VC), thoracic vertebrae
(VT), cervical spinal nerves (C), thoracic spinal nerves, the nerve
formed by the joining of the seventh and eighth cervical spinal
nerves (*), the long thoracic nerve (NTL), the suprascapular
nerve (NSP), subscapular nerve (NSBs), cranial (TCr), caudal
(TCa) and common (TC) trunks, contribution of the third pair
of thoracic spinal nerves to the second pair (+), pectoral nerves
(NPs), ventral (FV) and dorsal (FD) fascicles, thoracodorsal
nerve (NTD), axillary nerve (ND), radial nerve (NR), medial
cutaneous nerve of the forearm (NCMA), median nerve (NM),
musculocutaneous nerve (NMC) and the ulnar nerve (NU).

factors due to the position of limb bud development in relation
to the neuro axis. According to (Hautier etal. 2010) and (Cruz
etal. 2013), these alterations occur in relation to the variation
in the number of cervical vertebrae. The formation of each
nerve varies notably between species, due to the differences
in their ability to use of thoracic limbs for defence, locomotion
or searching for food (Dyce et al. 2010) (Table 1).

In regard to the Bradypodidae, previous literature notes
that for the species Bradypus torquartus and Bradypus
tridactylus, the brachial plexuses occurred from C7 to T2
nerves (Bielik 1837, Cruz et al. 2013), which is in concordance
with the formation of nerve trunkes found in this study for
B. variegatus. The sloths in this study presented plexuses
formed by nerves that are distributed from a common trunk,
formed by cranial and caudal pathways, which has also been
described for B. torquartus, H. cristata, marsupials and lemurs
(Miller 1934, Aydin 2003, Cruz et al. 2013, Ricci etal. 2013).
However, this characteristic differs from that observed for
other Xenarthrans, such as Tamandua tetradactyla, whose
plexus is comprised of three trunks, as well as primates such
as P pygmaeus, L. lagotricha, C. jacchus and C. penicillata
(Kawashimaetal. 2007, Cruz & Adimi 2010, Santos et al. 2016),
and further demonstrates a difference from the description
of Chinchilla lanigera which has four trunks and for pacas
that do not present trunks (Gamba et al. 2007, Scavone et
al. 2008, Ricci et al. 2013).

In terms of the pectoral nerves, in B. variegatus they
originated from a common trunk, supplying the pectoral
muscles, however, in B. torquartus and in H. cristata, these
nerves emerged from the caudal trunk (Aydin 2003, Cruz et
al. 2013). In dogs and cats, the pectoral nerves are divided
into cranial and caudal nerves (Stiipp-De-Souza et al. 2010),
which was not observed in B. variegatus. In this species, the
suprascapular nerve came from the sixth cervical medullary
segment and was inserted into the shoulder musculature,
differing to B. torquartus, since the nerve presented a variation
in terms of origin, emerging from the seventh cervical
medullary segment or the cranial trunk (Cruz et al. 2013),
which is similar to the primates L. lagothricha, C. jacchus and
C. Penicillata (Cruz & Adimi 2010, Santos et al. 2016).

Tablel. The origin of nerves that comprise the brachial
plexus of mammals

Specie Origin Reference
Agouti paca C5to T2 Scavone et al. (2008)
Bradypus trydactylus C7 to T2 Bielik (1937)
Bradypus torquartus C7 to T2 Cruzetal. (2013)
Bovines C6to T2 Ricci etal. (2013)
Cerdocyon thous C6to T1 Souza Junior et al. (2014)
Cebus apella C5to T2 Ribeiro et al. (2005)
Equines C6to T2 Ricci et al. (2013)
Hystrix cristana C5to T2 Aydin (2003)
Hydrochoerus hydrochaeris C4toT1 Fioretto et at. (2003)
Leopardus geoffroxi C5to T1 Souza Junior et al. (2018)
Logothix logotricha C5to T1 Cruz & Adimi (2010)
Mazama gouazoubira C6toT1 Vieira etal. (2013)
Pongo pygmaeus C5to T1 Kawashima et al. (2007)
Tyassu tajuca C4to T2 Moura et al. (2007)
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The results indicate that four nerves originated from the
ventral fascicle in B. variegatus: the medial cutaneous nerve
of the forearm, the ulnar nerve, the median nerve and the
musculocutaneous nerve. A common origin was observed for
these last two nerves, however, they formed distinct nerves,
which differs from other mammals where a separation
does not occur, resulting in the formation of the median
musculocutaneous nerve as with B. torquartus, the Capricornis
crispus and H. hydrochaeris (Atoji et al. 1987, Fioretto et al.
2003, Cruz et al. 2013). In T tetradactyla, H. cristata and
Papio ursinus the median musculocutaneous nerve forks
in the distal third of the arm and thereby forms the median
and musculocutaneous nerves. However, in the anteater, the
origin of the median musculocutaneous nerve occurs before
the formation of the trunks, with T1 also contributing to this
(Booth etal. 1997, Aydin 2003, Cruz et al. 2012). It was found
that the medial cutaneous nerve of the forearm and the ulnar
nerve, continued to the forearm, as was observed by (Cruz
etal. 2013) for B. torquartus.

In the dorsal fascicle, the axillary nerve emerged from
the caudal trunk, similar to B. torquartus and M. Gouazoubira
(Cruzetal. 2013, Vieira etal. 2013). However, this differs to H.
cristata, Pursinus, T. Tetradactyla and L. lagotricha where the
origin of the axillary nerve came from the cranial and middle
trunks (Cruz & Adimi 2010, Cruz et al. 2012). In regard to
the radial nerve of the study specimens, it is comparable to
those analysed for B. torquartus, H. Crisyaya, C. jacchus and C.
penicillata with the nerve originating from the caudal trunk
(Aydin 2003, Cruz etal. 2013, Santos etal. 2016). However, this
characteristicis different from that described for C. lanigera,
where the nerve was observed to come from the middle and
caudal trunks (Gamba et al. 2007). In their studies on brachial
plexuses in T. tetradactyla (Cruz et al. 2012), confirmed that
the thoracodorsal nerve received contributions from all three
trunks, cranial, middle and caudal, which differs from that
found for the common sloth, where this nerve was found to
originate exclusively from the caudal trunk.

CONCLUSIONS

The brachial plexus of Bradypus variegatus arose from
the fifth cervical spinal segment, extending until the second
thoracic segment, constituting the cranial and caudal trunks.
Different anatomical dispositions were observed for the
common sloth when compared to domestic and wild mammals
in terms of constituent medullary segments of the brachial
plexus. However, this is likely associated with the number of
cervical vertebrae which varies between different species,
since the nerves that comprise the plexus and the structures
innervated by them, do not present discrepancies.

Changes in the origin of the plexus are due to variations
in the insertion position of limb buds in relation to the neuro
axis, since cervical vertebrae vary in terms of their quantity
and shape, both for wild and domestic animals, which
contributes to variation in the origin of nerves that comprise
the brachial plexus.
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