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Non-human primates have constituted an important group among animals subjected to
various studies. Ethological, evolutionary and paleontological studies have revealed changes
in anatomical structures linked to the evolution of primates, considered in studies on the
comparative anatomy between Cebus libidinosus and other neotropical monkeys or those
from the Old World, and the detailed knowledge on their anatomy may represent an important
factor for their preservation and protection when the animals are brought to veterinary clinics
after accidents or illnesses. In terms of veterinary importance, sometimes these animals
arrive in the veterinary medical clinics after accidents, needing surgery or clinical treatment,
but the little data available on anatomy has impaired the correct proceedings. The main
justification for studies on C. libidinosus, is due to little information about the anatomy
related to C. libidinosus in Brazilian and worldwide scientific literature. In this study, the
distribution, enervation and path of the femoral and sciatic nerves of the pelvic limb (thigh) of
C. libidinosus were studied and these results were compared with literature on the anatomy
of humans, chimpanzees and baboons. In general, the enervation model of the four primates
is identical, but in specific terms, the differences in enervations indicate evolution convergence
closer to the branch of baboons in the evolutionary tree, and these data corroborate other
comparative studies in relation to the same primates to vessels, muscles and nerves. In
conclusion, the nerve organization in the thigh of C. libidinosus is identical to baboon,
chimpanzee and homo, but more similar to baboon. The specific differences found indicate
an ancient phylogenic origin to C. libidinosus and baboons (data corroborated by other studies).

INDEX TERMS: Cebus libidinosus, comparative anatomy, capuchin monkey, thigh nerves, pelvic
limbs.

RESUMO.- [Anatomia comparativa dos nervos da coxa
de Cebus libidinosus (Rylands et al., 2000).] Primatas
nao-humanos tém constituido um importante grupo entre
0s animais submetidos a varios estudos. Estudos etoldgi-
Ccos, evolutivos e paleontolégicos revelaram alteracdes das
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estruturas anatdmicas ligada a evolugao dos primatas,
considerado em estudos sobre a anatomia comparativa
entre Cebus libidinosus e outros primatas neotropicais ou
provenientes do Velho Mundo, e as modalidades de co-
nhecimento sobre sua anatomia pode representar um fator
importante para a sua preservacao e protecao quando os
animais sao levados as clinicas veterinarias apés aciden-
tes ou doengas. Em termos de importancia veterinaria, as
vezes esses animais chegam na clinica médica veterina-
ria apés acidentes, necessitando de cirurgia ou tratamento
clinico, mas os poucos dados disponiveis sobre a anato-
mia tem dificultado o procedimento correto. A principal jus-
tificativa para os estudos sobre C. libidinosus é devido a
pouca informagao sobre sua anatomia na literatura cienti-
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fica no Brasil e no mundo. Neste trabalho, a distribuicao,
inervagao e os trajetos dos nervos femoral e isquiatico do
membro pélvico (coxa) de C. libidinosus foram estudados
e os resultados foram comparados com a literatura sobre
a anatomia dos seres humanos, chimpanzés e babuinos.
Em geral (Anatomia Macroscoépica), o modelo de inerva-
cao dos quatro primatas € idéntico, mas em termos espe-
cificos, as diferengcas nas inervacdes indicam uma con-
vergéncia evoluciondria em dire¢éo a arvore genealégica
dos babuinos, dados corroborados por outros estudos com-
parativos em relagdo aos mesmos primatas para vasos,
musculos e nervos. Em concluséo, a organizacdo dos
nervos na coxa de C. libidinosus é idéntico ao do babuino,
chimpanzé e homo, mas mais semelhante ao babuino. As
diferencas especificas encontradas indicam uma origem
filogenética antiga para C. libidinosus e babuinos (dados
corroborados por outros estudos).

TERMOS DE INDEXAQAO: Anatomia comparativa, macaco-
prego, Cebus libidinosus, nervos pélvicos, membros pélvicos.

INTRODUCTION

Studies on the comparative anatomy of mammals, especi-
ally those that can and are used in research laboratories,
whether clinical or anatomical-surgical, have been a signi-
ficant issue for many scientific works, which somehow seek
to establish probable phylogenetic correlations between the
animal studied and man.

Non-human primates have constituted an important group
among animals subjected to various studies. Ethological,
evolutionary and paleontological studies have revealed
changes in anatomical structures linked to the evolution of
primates (Tobias 1971, 1995, Holloway 1973, 1995), con-
sidered in studies on the comparative anatomy between
Cebus libidinosus (C.libidinosus) and other neotropical
monkeys or those from the Old World, and the detailed
knowledge on their anatomy may represent an important
factor for their preservation and protection when the animals
are brought to veterinary clinics after accidents or ilinesses
(Kindlovits 1999).

The genus Cebus has many similarities with other spe-
cies of primates, including man, especially with regard to
anatomy (Carvalho-Barros 2002). These primates are fre-
quent in the South American continent, in areas ranging
from Colombia to Venezuela, northern to southern Brazil
and northern Argentina (Cabrera 1957, Guerim et al. 2001,
Lopes 2004), are not in extinction (Carvalho-Barros 2002),
and present easy reproduction in captivity (Cabrera 1957,
Guerim et al. 2001).

The behavior, memory, use of tools and encephalization
index put the genus Cebus near, in cognitive terms, to chim-
panzees in these respects. Comparative anatomical studies
on Cebus and chimpanzees corroborate these data in
relation to muscles, nerves and vessels in the thoracic
members (Marin et al. 2009, Aversi-Ferreira 2009, Aversi-
Ferreira et al. 2005a,b, 2006a,b, 2007a,b).

The use of anatomical data to observe the behavior
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has been possible from works recently published focusing
comparative anatomy, as this area is still lacking of data
for these primates (Ferreira & Prada 2001, Carvalho-Bar-
ros et al. 2003, Aversi-Ferreira 2009, Aversi-Ferreira et al.
2005a,b, 2006a,b, 2007a,b, Aversi-Ferreira et al. 2010). The
dissection method is the most direct for the observation of
body structures, because, the anatomical preparations allow
the exposure of muscles, and can show their origin, direction
and insertion.

The neural system generally allows establishing phylo-
genetic relationships between species, mainly due to the
brain, which defines the size and shape of the skull, being
the region of the skeleton of most interest to anatomists,
physiologists, and anthropologists (Testut & Latarjet 1959).

Studies on the peripheral neural system present a high
relevance degree due to the innervation of the muscle
groups that may be similar or different in the various taxa
of primates in order to evaluate their behavior, such as
arborous or terrestrial habits. The similarities of innervated
muscles in the taxa are one of the characteristics of phylo-
genetic identity between species (Aversi-Ferreira et al.
2005, 2009).

In terms of veterinary importance, sometimes these ani-
mals arrive in the veterinary medical clinics after accidents,
needing surgery or clinical treatment, but the little data
available on anatomy has impaired the correct proceedings.

The main justification for studies on Cebus is due to
little information about the anatomy related to C.libidinosus
in Brazilian and worldwide scientific literature, and this ne-
otropical primate has attracted attention due to their
encephalization index (Roth & Dick, 2005), which is higher
than that of Old World primates, such as gorillas (Gorilla
gorilla) and identical to chimpanzees (Pan troglodytes), and
to their complex cultural behavior (Lopes 2004) such as
use of tools (Antinucci & Visalberghi 1986), and the well-
developed memory (Tavares & Tomaz 2002). In the Yerkes
National Primate Research Center in Atlanta, United States
of America, a research on the social behavior of these ani-
mals is being carried out (Waal 2005), showing the worldwide
interest on this primate. In Brazil, these primates are used
in the treatment of people with disabilities or with limited
mobility (Auricchio, 1995).

In this work, the distribution, enervation and path of the
femoral, obturator and sciatic nerves of the pelvic limb
(thigh) of Cebus libidinosus (before known as Cebus apella)
were studied and these results were compared with literature
on the anatomy of humans, chimpanzees and baboons,
associated with behavioral and evolutionary data.

MATERIALS AND METHODS

In this study, five specimens of adult and healthy Cebus
libidinosus (Rylands 2000) from different ages were used as
follows: three males and two female with 1-3 kg body weight,
black hair and with various brown hue, more commonly dark
brown. The animals were donated by the Brazilian Institute of
the Environment (IBAMA-GO). The animals were deposited in
the anatomical collection from the Federal University of Goias,
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Cataldo campus. This work was previously approved by the
institutional committee (Process CoEP-UFG no.81/2008,
authorization of the IBAMA no.15275). All animals were killed
by lethal injection of sodium pentobarbital, weighed and
perfused via abdominal aorta with latex 601-A (Dupot) mixed
with red colorant diluted in ammonium hydroxide solution;
included in water at room temperature for 10-12 hours and
10% formaldehyde mixed with 5% glycerin through femoral
vein perfusion for fixation. The animals were conserved on 10%
formaldehyde, in closed opaque box. The nerves were
dissected and documented with digital camera (Cannon, 7.1
megapixels). The denomination of structures was based on
description for humans (Gray 2000) and other primates
(Swindler & Wood 1973).

RESULTS

Sciatic nerve

In the proximal third, the sciatic nerve is located on the
belly of the ischiofemoralis muscle, covered by the caudal
fibers of the maximum gluteus, and is located above the
cranial margin of the biceps femoris muscle. At this point,
the sciatic nerve sends many branches to the biceps femoris
muscle, semitendinous, semimebranosus and accessory
to the ischiofemoral muscle (Fig.1).

In the medium third of the thigh, the sciatic nerve is
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Fig.1. Left tight of Cebus libidinosus, posteirior aspect. Sciatic
nerve (arrow); (1) semimembranosus; (2) femoral biceps;
(8) ischiofemoralis muscles. Scale Bar: 1cm
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Fig.2. Left tight of Cebus libidinosus, medial asp

found in the muscular channel laterally formed by femoral
biceps muscle, medially by the semimebranosus proprius
muscle, anteriorly by the ischiofemoralis muscle and
posteriorly by the semitendinosus muscle. In the distal third,
this nerve is divided into tibial, sural cutaneous medial and
common fibular nerves.

In one of the limbs studied (10%), a branch through the
caudal fibers of the glutaeus maximus muscle was
observed, also through the cranial fibers of the biceps femori
muscle that follows closely to safena magna vein and ends
in the caudal fibers of the femoral biceps muscle, where it
shows its final branches, the tibial and fibular nerves.

Femoral nerve

In two specimens, four limbs, the femoral nerve (Fig.2A)
penetrates into the thigh behind the inguinal ligament,
laterally to the artery and femoral vein. In the proximal third
of the thigh, this nerve shows two branches to the sartorius
muscle, the saphenous nerve, and two more branches to
innerve the vastus intermedius muscle, which penetrates
the fibers of the vastus medialis muscle, one branch to the
vastus lateralis muscle and four branches to the rectus
femoris muscle.

The saphenous nerve (Fig.2B) is large and follows the
artery and the femoral vein in its trajectory in the medial
aspect of the tight, being covered by sartorius muscle.

In its proximal third, this nerve crosses obliquely the
vastus medialis fibers, and in the medium and distal third,
the saphenous nerve follows the posterior margin of this
muscle.

In general (50%), the femoral nerves follows the standard
description cited above, therefore, there are some variations
cited bellow:

1) It penetrates into the thigh behind of inguinal liga-
ment, laterally to the artery and femoral vein; in the proximal
third of thigh, it shows the following branches: saphenous
nerve, 2 branches to the vastus intermedius muscle that
do not cross the vastus medialis fibers, 1 branch to the
vastus medialis muscle, 1 branch to the vastus lateralis
muscle and 2 branches to the rectus femoris muscle.

2) It exhibits 2 branches to the sartorius muscle; the
saphenous nerve shows 2 branches to the vastus interme-
dius muscle, and no branch penetrates into the fibers of

e s |
s

rtorius; 2.

glacilis muscles. (B) Saphenous nerve (black arrow); muscular branches (*). Scale Bar: 1cm.
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the vastus medialis muscle, 1 branch to each vastus me-
dialis and lateralis muscle, and 2 branches to the rectus
femoris muscle.

3) It shows 1 branch to the sartorius muscle, the sa-
phenous nerve, 1 branch to the vastus intermedius muscle,
3 branches to the vastus lateralis muscle, 1 branch to the
vastus medialis muscle and 1 branch to the rectus femoris
muscle.

4) In two limbs, it shows 1 branch to the sartorius mus-
cle; in the saphenous nerve, 1 branch to the vastus inter-
medius muscle that do not penetrate into the fibers of the
vastus medialis muscle, 1 branch to the vastus lateralis
muscle and 3 branches to the rectus femoris muscle.

Obturator nerve

In six limbs (60%), after penetrating into the thigh, it is
found between the muscular fibers of the origin of pectineus
and adductor brevis muscles and follows obliquely to the
fibers of the adductos brevis towards the glacilis muscle to
innerve it (Fig.3).

Fig.3. Left tight of Cebus libidinosus., medial aspect. Obturator
nerve (black arrow). Scale Bar: 1cm.

Roqueline A.G.M.F. Aversi-Ferreira et al.

In one limb (10%), the obturator nerve shows another
branch that crosses the adductor brevis muscle and inner-
vates the semimembranosus proprius and adductor magnus
muscles. In two limbs (20%), it shows one branch that
crosses the adductor brevis muscle, the adductor magnus
muscle and innervates the adductor longus muscle.

In other two limbs (20%), the obturator nerve shows
three branches, 1 branch that crosses the muscular fibers
in the origin of the adductor brevis muscle and innervates
the adductor magnus muscle; one branch that innervates
the adductor magnus muscle; and one branch that crosses
the adductor magnus muscle and innervates the adductor
longus muscle.

DISCUSSION

According to Swindler & Wood (1973), in human, chimpan-
zee and baboons the sciatic nerve is identical in distributi-
on, enervation and ramification, and the variations cited by
these authors are identical to observed in humans (O’Rahilly
1985, Gray 2000). In Cebus libidinosus no variations of
final ramification cited to human were observed; the
enervation of ischiofemoral muscle is inedited and the
adductor magnus muscle is not enervated by sciatic, but
by the obturator nerve (Table 1). Nevertheless, the skin
enervation, localization and path are identical to others
primates here studied (Swindler & Wood 1973). In all cited
species, the sciatic nerve is the largest nerve in the body
and gives off articular and muscular branches.

The femoral nerve in C. libidinosus does not enervate
the pectineus muscle, present different model of localization
and number of branches to specimens studied here. For
chimpanzees and humans, the femoral nerve has the
identical distribution and localization, in baboons, it is
located more laterally (Swindler & Wood 1973), which is
identical to C. libidinosus.

In all primates, the saphenous nerve is the largest cu-
taneous branch of the femoral nerve and has identical ge-

Table 1. Comparation of the thigh nerves in Cebus libidinosus, Papio, Pan and Homo sapiens

Pan

Humans

Adductor magnus, biceps
femoris, semitendinosus,
semi-membranosus pro-

Tibial and fibular common
Pectineus, sartorius, vas-

tus intermedius, vastus
medialis,vastus lateralis,

Adductor brevis, adductor

Nerves Features Cebus libidinosus Papio
Sciatic Innervated Biceps femoris, semiten-
nerve muscles dinosus, semimembrano-
sus proprious and aces-
sorius, ischiofemoral prious and acessorius
Main branches  Tibial and fibular nerves
nerves
Femoral Innervated Sartorius, vastus interme-
nerve muscles dius, vastus medialis, vas-
tus lateralis, rectus femo-
ris rectus femoris
Main branches  Saphenous nerve Saphenous nerve
Obturator Innervated Adductor brevis, adductor
nerve muscles magnus, adductor longus,

Main branches

gracilis, semimembrano-
sSus proprius
Muscular
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magnus, adductor longus,
gracilis, pectineus

Muscular

Adductor magnus, bi-
ceps femoris, semiten-
dinosus, semimembra-
nosus proprious and a-
cessorius

Tibial and fibular nerves

Pectineus (motor fibers),
sartorius, vastus inter-
medius, vastus media-
lis, vastus lateralis, rec-
tus femoris
Saphenous nerve
Pectinius, adductor bre-
vis, adductor magnus,
adductor longus, gracilis

Muscular

Biceps femoris, semitendi-
nosus, semimembranosus,
adductor magnus.

Tibial and fibular nerves

Sartorius, vastus interme-
dius, vastus medialis, vas-
tus lateralis, rectus femoris,
pectineus (motor fibers)

Saphenous nerve
Adductor brevis, adductor
longus, gracilis, pectineus
(rare)

Muscular and obturator
acessory
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neral characteristic, i.e., it is followed by the femoral artery,
but this vessel is thinner in human when compared to others
primates (Swindler & Wood 1973).

The obturator nerve was not described in the thigh by
Swindler & Wood (1973), but in the pelvis. In the thigh of
humans, it divides into anterior and posterior branch, which
is separated at first by some fibers from obturator externus,
and lower down by the adductor brevis muscle (Gray 2000),
description identical to C. libidinosus only about the part
from adductor brevis. In C. libidinosus, there are major
variations in the enervation and in branches emission.

In general, the enervation model of the four primates is
identical, but specifically, the differences in enervations
indicate a convergent evolution from C. libidinosus to baboon.

It is a fact that the encephalization index in C. libidino-
sus is higher than the encephalization index in baboons
(Sand 1995), and closer to chimpanzees in behavior,
memory and use of tool (Fragaszy et al. 2004).

Since the evolutionary tree of primates was divided
about 30 million years ago (Byrne 2000) into New World
and Old World primates, separating the ancestral of Cebus
from apes and hominids, these data may indicated a
important evolutionary aspect due to the occurrence of a
divergent and, at the same time, a convergent evolution as
for two aspects, tool use, identical to chimpanzee and C.
libidinosus, one divergent to locomotion; and convergent
to locomotion to baboon and C. libidinosus, but divergent
to tool use (Aversi-Ferreira et al. 2010).

In fact, the anatomical data indicate a identical model
of nerves, muscles and vessels closer to baboons than to
chimpanzees, except to forearm and hand muscle, that is,
the shoulder and arm vessels and nerves model is more
identical to baboons, but the models is identical to baboons
as for shoulder and arm, but not for forearm and hand,
which are more identical to chimpanzees (Aversi-Ferreira
etal. 2005a,b, 2006a,b, 2007a,b, Marin et al. 2009, Aversi-
Ferreira 2009, Aversi-Ferreira et al. 2010). Nevertheless,
both baboons and C. libidinosus have tail, climb trees and
walk on soil with the four hands most of the times, facts
that can justify the anatomical similarities between shoulder
and arm muscles.

The fact is that, based on data from anatomic and
behavioral comparative analysis, the genus Cebus (New
World primate) is closer to chimpanzees (Old World
primates) in cognitive terms, but even closer to baboons
(Old World primates) according to the anatomy of shoulder
and arm structures, therefore, they are closer to chimpanzee
as for the forearm and hand structures, and these are
important data to evolutionary studies, since there are
explanations to these facts so far.

On the other hand, in clinical and surgery terms, and
according with data obtained here about the position of the
nerves, after normal surgery proceedings, the lateral access
to thigh can be identical to dog cited by Ferrigno et al.
(2007a,b).

As an indication for surgical route on the medial side, it
is important to consider the size of the femoral vessels,

proportionally higher in Cebus; also take care with the
presence of the saphenous nerve and several muscular
branches.

Kindlovits (1999) reports clinical and surgical applicati-
ons to neotropical primates, including Cebus, but shows
no anatomical references as indicative points of access to
these proceedings, nor to anamnesis, therefore, A good
clinical and surgical work requires correct anatomical data.

Generally, any little anatomical aspect can be found in
The Complete Capuchin (Fragaszy et al. 2004), but this
publication is focused at the behavior and ecology of Cebus.

In reference to clinical and surgery of Cebus, many
anatomical works on thoracic members can be found in
specialized literature (Aversi-Ferreira et al. 2005a,b, 2006a,b,
2007a,b, Aversi-Ferreira 2009, Marin et al. 2009, Aversi-
Ferreira et al. 2010), but, to pelvic members, there is just
one work on the thigh muscle (Sousa et al. 2008), far.

Therefore, further studies on muscles, vessels and
nerves of Cebus are still necessary, notonly C. libidinosus,
because this primate has is very common in all Brazilian
territory and its presence in the clinical of veterinary
medicine is frequent, mainly in universities with partnership
with IBAMA, in consequence of trauma caused by
accidents; furthermore, new studies will help provide new
data to evolutionary comparative studies about these
primates.

CONCLUSION

It can be concluded that the nerve organization in the thigh
of Cebus libidinosus is identical to baboon, chimpanzee
and humans, but more similar to baboon.
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