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RESUMO.- [Estudo anatômico comparativo dos ner-
vos da perna de Cebus (macaco-prego) com babuínos, 
chimpanzés e humanos modernos.] Os estudos anatômi-
cos comparativos entre os primatas são importantes para 
pesquisas associadas com a etologia, evolução, taxonomia 
e compreensão dos usos de ferramentas pelos hominídeos. 
Especificamente, o conhecimento anatômico sobre Cebus 
contribui para sua própria conservação e para o desenvol-
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vimento de procedimentos cirúrgicos e tratamentos clí-
nicos destes animais, pois são frequentemente vítimas de 
acidentes automobilísticos. Recentemente, estudos sobre 
características comportamentais de Cebus indicaram con-
clusões erradas sobre sua anatomia, o que pode ser atribu-
ído aos poucos dados disponíveis sobre a anatomia desses 
animais na literatura especializada. Portanto, para fornecer 
dados anatômicos e fornecer suporte para as outras ciên-
cias relacionadas com a anatomia e também desenvolver 
procedimentos cirúrgicos e/ou clínicos, foram descritos os 
nervos das pernas de Cebus com enfoque sobre a posição, 
a trajetória e os músculos inervados, e comparar esses re-
sultados com os dos humanos modernos e outros primatas. 
Oito espécimes adultos de macacos-prego foram usados 
para este estudo. O estudo anatômico comparativo dos ner-
vos da perna de Cebus demonstrou que, em geral, a organi-
zação estrutural dos nervos é semelhante entre os quatro 
primatas aqui analisados (Cebus, chimpanzés, babuínos e 
humanos modernos), o que pode ser atribuído ao fato de 
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que os quatro primatas terem estruturas corporais seme-
lhantes. No entanto, a trajetória dos nervos e a inervação 
dos músculos em Cebus o aproximam dos babuínos.
TERMOS DE INDEXAÇÃO: Nervos, membros pélvicos, perna, ma-
cacos-prego, Cebus , primatas.

INTRODUCTION
The primate Cebus living abundantly in South American 
(Auricchio 1995) has high cephalization index, high me-
mory capacity, and high manual dexterity for tool use, whi-
ch characteristics until now are seen only in the old world 
primates (Aversi-Ferreira et al. 2010).

Previous studies reported, using Cebus, 1) anatomy of 
the thoracic members in the shoulder, arm (Aversi-Ferreira 
et al. 2007a, 2007b, 2007c), and forearm (Aversi-Ferreira 
et al. 2005a, 2005b, 2006, 2010, 2011b, Marin et al. 2009, 
2010), 2) anatomy of the pelvic members, thigh’s ner-
ves (Aversi-Ferreira et al. 2011a), retus femoralis muscle 
(Amado et al. 2011), 3) neuroanatomy (Watanabe 1982, 
Watanabe & Madeira 1982, Borges, Ferreira & Caixeta 
2010, Pereira-de-Paula et al. 2010), 4) behavior and tool 
use (Aversi-Ferreira et al. 2011a, 2010, Resende & Otto-
ni 2002), 5) cortical physiology (Lima, Fiorani & Gattass 
2003), 6) cephalization index (Areia 1995, Byrne 2000), 
and 7) memory capability (Tavares & Tomaz 2002). Recen-
tly wild capuchins were observed to fish for termites using 
twigs, which is a behavior that have been reported until 
now only in chimpanzees (Souto et al. 2011).

The anatomical comparative studies among the prima-
tes are important to researches associated with ethology, 
evolution, taxonomy and comprehension of tool uses by 
hominoids. Specifically, the anatomical knowledge of Cebus 
contributes to conservation of the animal, to development 
of surgical procedures and clinical treatments of these ani-
mals because these animals are frequently victims of au-
tomobile accidents (Kindlovits 1999, Aversi-Ferreira et al. 
2011a,) in urban environment where some groups live.

Anatomical studies of peripheral nervous system in-
dicates innervation of muscular groups that, possibly, are 
similar to different clades of primates, which allow evalua-
ting behavioral activities of the animals how arborous and/
or terrestrial habits are in terms of anatomy of the muscles 
(Aversi-Ferreira et al. 2011b). Similarity between innerved 
muscles of given animals in the taxon is a characteristic of 
phylogenetic proximity between the given species (Aversi-
-Ferreira et al. 2005b).

However, the morphological data of this genus in pre-
vious literatures are too few to evaluate behavioral activity 
of this animal in terms of anatomical data. Indeed, a lack of 
these data should result in confusion of evaluation of motor 
activity of the body structures used in tool use (Aversi-Fer-
reira et al. 2010, 2011a, 2011b). It has been reported that 
innervation and numbers of nerve fibers are associated 
with the level of dexterity and control of these structures 
by the animal (Machado 2006).

 Recently, anatomical studies made a wrong conclusion 
regarding behavioral traits of Cebus (Aversi-Ferreira et al. 
2010, 2011b), because few data were available in previous li-

teratures, and the studies did not encompass the all anatomi-
cal regions. Therefore, in the present study, to provide anato-
mical data to support the other sciences related to anatomy 
and to develop surgical and/or clinical procedures, we inves-
tigated the nerves of the legs of barbed capuchins foccusing 
on their positions and trajectory, and innerved muscles, and 
compared these results with those of humans (Standring 
2008) and other primates (Swindler & Wood 1973).

MATERIALS AND METHODS
Eight adult capuchin specimens (Cebus) were used weighing 1-3 
kg. No animal was killed for the purposes of this study; four of 
them died accidentally in their natural habitats and were acquired 
from anatomical collection of the Antropology, Biochemistry, Neu-
roscience and Behavior of Primates Laboratory (Labinecop) from 
the Federal University of Tocantins, Palmas, Tocantins. The remai-
ning animals belonged to the Brazilian Institute of Environment 
and Renewable Natural Resources (IBAMA) archive and were do-
nated to the University of Uberlandia in the 1970’s. This work was 
approved by the Institutional Ethical Committee from the Federal 
University of Goiás (CoEP-UFG 81/2008, authorization from the 
IBAMA number 15275).

The animals obtained from IBAMA arrived frozen and after 
the trichotomy with a razor blade, they were incubated in water 
at room temperature for 10-12 hr; then received, from the femo-
ral artery, perfusion by 10% of formaldehyde with 5% of glycerin 
for fixation. The animals were conserved in 10% of formaldehyde, 
in covered opaque cubes, to avoid the penetration of light and the 
evaporation of formaldehyde.

Dissection was performed with emphasis on the nerves of the 
leg, and registered with a digital camera and schemes. The no-
menclature, whenever it is possible, was applied to those used in 
human anatomy (The Federative Committee on Anatomical Ter-
minology, 1998). The anatomical positions of the nerves usually 
referred to those in human. When position was different from that 
in humans, this was clearly indicated in text. The data collected 
were analyzed and compared with the patterns in human, chim-
panzee and baboon species.

RESULTS
Sciatic nerve. The sciatic nerve is placed in the poste-

rior thigh region and is the largest nerve until now studied 
in the barbed capuchins. In the distal third of thigh, it bran-
ches into the fibular and tibial nerves. However, its division 
could occur in any area from the sacral plexus and distal 
third of thigh. The sural medial nerve is a branch from the 
sciatic nerve.

Tibial nerve. In Cebus, the tibial nerve (Fig. 1, 3 and 6) 
is a branch from the sciatic nerve passing through the pos-
terior region of the leg. After through the popliteus fossa 
in the proximal third, it penetrates between two heads of 
the gastrocnemius muscle, and travels deeply to the soleus 
muscle, laterally to the tibial flexors of the fingers and me-
dially to the tibial posterior muscle. In the distal part of the 
leg, the tibial nerve divides into two branches, the medial 
and lateral plantar nerves.

This trajectory was observed in 81.25% of analyzed 
species, and in 8.75% was observed a variation of the bran-
ching in the medial and lateral plantar nerves that divide at 
the plantar region.
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These nerves branch to innervate the muscles in the 
posterior region of the legs. These are the tibiofibular, po-
pliteus, gastrocnemius, tibial posterior, tibial flexor of the 
fingers (equivalent to the flexor longus digitorum to hu-
mans), and flexor fibular of the fingers (flexor hallucis lon-
gus).

Medial sural cutaneous nerve. The medial sural cuta-
neous nerve (Fig. 2 and 6) emerges from the sciatic nerves 
passes between two heads of the gastrocnemius muscle in 
the proximal part of the leg, and travels to the posterior 
part of this muscle. In the distal third of the leg, its divides 
into two terminal branches to innervate the lateral region 
of the foot.

Common fibular nerve. The common fibular nerve is a 
branch from the sciatic nerve. It travels through the popliteus 

fossa, and is placed medially to distal portion of the femoral 
biceps muscle. Then, it travels to a lateral aspect of the leg, 
and passes on dorsal surface of the lateral head of the gas-
trocnemius muscle, where it divides into terminal branches, 
i.e., the superficial and deep fibular nerves (Fig. 3 and 6).

1 2

43
Fig.1. A view of medial aspect of the right leg of Cebus. The num-

ber 1 indicates the tibial nerve, 2 the tibial bone, and the aste-
risk the saphena magna vein. 0.9x.

Fig.3. A view of lateral aspect of the right leg of Cebus. The number 
1 to 3 indicates the fibular common nerve, the tibial nerve, 
and the medial cutaneous nerve, respectively. An arrow indi-
cates the fibular superficial nerve. 1.25x.

Fig.2. A view of posterior aspect of the right leg of Cebus. The ar-
row indicates the medial sural cutaneous nerve, and the aste-
risk the saphena parva vein. 0.9x.

Fig.4. A view of anterior-lateral aspect of the right leg of Cebus. 
The arrow indicates the fibular superficial nerve. 1.25x.

Fig.5. A view of lateral-posterior aspect of the right leg of the Ce-
bus. The arrow indicates the fibular deep nerve. 1.25x

Fig.6. Schemes of the anterior view of the right legs of Homo, Pa-
pio and Cebus, in which the principal nerves and the similarity 
of arrangement of these nerves among these primates are in-
dicated. The number 1 indicates the sciatic nerve, 2 the tibial 
nerve, 3 the medial sural cutaneous nerve, 4 the fibular com-
mon nerve, 5 the fibular superficial nerve, and 6 the fibular 
deep nerve. The dashed lines indicate the posterior view and 
the continuous line the anterior. Schemes were made without 
considering the scale.
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Superficial fibular nerve. The fibular superficial nerve 
(Fig.4 and 6) is a branch from the fibular common nerve. 
It immediately penetrates the fibers of the fibular longus 
and extensor digitorum longus muscles, and travels under 
the skin in the distal third of the leg, and goes superficially 
to the extensor retinaculum. Then, it divides into various 
branches to the muscles in the dorsal foot; innervate the fi-
bular longus, fibular brevis, extensor digitorum longus and 
dorsal foot muscles.

Deep fibular nerve. In the proximal third of the leg, 
the deep fibular nerve (Figs. 5 and 6) penetrates the fibers 
of the fibular longus and extensor digitorum longus mus-
cles, and travels medially to the extensor digitorum longus 
muscle. Then, it travels under the extensor hallucis longus 
muscle and goes through under the retinaculum of the ex-
tensors muscles. The muscular branches of this nerve in-
nervate the extensor digitorum longus, extensor hallucis 
longus, tibialis anterior and tibial accessory muscles.

Saphenous nerve. This nerve is a thin branch from the 
femoral nerve that runs along with the saphenous artery.

DISCUSSION
Comparison of the individual nerves among the four 
primates

The description of trajectory and innervation of the tibial 
nerve of chimpanzee and baboons are reported by Swindler 
& Wood (1973). For human anatomy, we refer to the most 
new anatomical literature by Stranding (2008). Both the 
studies indicated similarity to barbed capuchins, in gene-
ral. However, locations of the final ramification of the tibial 
nerve are different; ramification occurs in the medial third 
of the leg in Cebus, while in other primates it occurs below 
and posteriorly to the medial malleolus. The innerved mus-
cles are similar among chimpanzees, baboons and Cebus, 
except the tibiofibular muscle, that exists in both the Old 
World primates (chimpanzees, baboons) and barbed capu-
chins, and is innerved by the tibial nerve (Swindler & Wood, 
1973), while this muscle does not exist humans (Testut & 
Laterjet 1958, Standring 2008). On the other hand, both ba-
boons and Cebus have the fibular digiti quinti muscle.

The medial sural cutaneous nerve in barbed capuchins 
has similar distributions, innervations and localizations to 
those in non-humans primates. However, those anatomical 
characteristics are different from those in humans where in 
the medium third of the leg it merges with the fibular com-
mon nerve to form the sural nerve (Standring 2008), diffe-
rent from that in humans. In the baboons and chimpanzees 
the fibular common nerve travels under the femoral biceps 
muscle (Swindler & Wood, 1973), what was observed in Ce-
bus but in humans its route is more posterior and medial 
to this muscle in distal portion located in popliteus fossa 
(Standring 2008).

Trajectory of the fibular superficial nerve is identical 
among the all primates studied here (Swindler & Wood 
1973) including Cebus. However, in baboon, the fibular 
quinti digit muscle is innerved by the fibular superficial 
nerve (Swindler & Wood 1973), how was verified in Cebus, 
but this muscle is vestigial in chimpanzee and absent in hu-
mans. Differently to other primates, in barbed capuchins, 
the fibular superficial nerve emits the branch to the exten-
sor digitorum longus muscle.

The trajectory of the deep fibular nerve is similar among 
the all primates studied here (Swindler & Wood 1973, Stan-
dring, 2008). However, it innervates the additional muscles 
in Cebus i.e. the accessory tibial (Table 1).

Comprehensive comparison
In general, the comparison of the results indicates that 

the innervation of the muscles is similar among the four 
primates. However, there are minor differences between 
the non-human primates (Cebus chimpanzees, and ba-
boons) and humans; the common existence of the fibular 
quinti digiti muscles in the non-human primates. Another 
minor differences indicate that nerve trajectory and mus-
cles innervation in barbed capuchins was similar to babo-
ons. Indeed, in others studies on comparative anatomy of 
thoracic members was reported higher similarity between 
baboons and Cebus rather than chimpanzees and modern 
humans, except the abductor pollicis longus and extensor 
pollicis brevis in barbed capuchins that are more similar 

Table 1. Comparison of muscles innervation of the leg in Cebus with chimpanzees, baboons and humans

 Nerves Cebus (barbed Chimpanzees Baboons Modern humans
  capuchins)   

 Tibial  Gastrocnemius, soleus,  Gastrocnemius, soleus,  Gastrocnemius, soleus, plan- Gastrocnemius, soleus, plan-
  plantaris, popliteus, tibia- plantaris, popliteus, tibia- taris, popliteus, tibialis pos- taris, popliteus, tibialis pos- 
  lis posterior, tibiofibu lar, lis posterior, tibiofibu lar, terior, tibiofibular, fibular terior, flexor hallucis longus,
  flexor tibial digi torum, fibular flexor digitorum flexor digitorum muscles flexor longus digitorum
  flexor tibial muscles muscles  
 Medial cutaneous  Terminal branches on foot Terminal branches on foot Terminal branches on foot Terminal branches on foot
 Common fibular  Fibular superficial and  Fibular superficial and Fibular superficial and deep Fibular superficial and deep
  deep nerves, lateral head deep nerves nerves nerves
  of gastrocnemius   
 Superficial fibular Fibular longus and bre- Fibular longus and bre- Fibular longus and brevis,  Fibular longus and brevis
  vis, extensor digitorum vis, fibular digiti quinti fibular digiti quinti mus- 
  longus, fibular digiti quin- muscles cles 
  ti muscles   
 Deep fibular Tibialis anterior and ac- Tibialis anterior, exten- Tibialis anterior, extensor Tibialis anterior, extensor di-
  cessory, extensor digito- sor digitorum longus, ex- digitorum longus, extensor gitorum longus, extensor hal-
  rum longus, extensor hal- tensor hallucis longus hallucis longus muscles lucis longus, fibular tertius
  lucis longus muscles muscles  muscles
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to chimpanzees and modern humans (Aversi-Ferreira et al. 
2010, 2011b). The similarity between Cebus and baboons is 
consistent with the behavioral and structural similarity be-
tween these 2 primates; similar body structures, terrestrial 
quadrupedal locomotion, presence of tail, and arborous 
habit (Aversi-Ferreira et al. 2005a, 2005b, 2006, 2007a, 
2007b, 2007c, 2009, 2010, 2011b).

Kindlovits (1999) in the book “Clinical and Therapeu-
tics in Neotropical Primates” cited previous studies for cli-
nical and surgical applications to these primates, but scar-
cely cited the anatomical data. Therefore, it is difficult to 
choose the best surgical access and perform correct clini-
cal procedures in general, especially in Cebus although this 
monkey is the most common neotropical primates in vete-
rinary clinics in Brazil and South America (Aversi-Ferreira 
et al. 2011a).

Choice of surgical access in the Cebus’s leg is important 
to avoid cutting in the proximal lateral region of the leg 
because the fibular common nerve travels superficially af-
ter the exit from the biceps femoral muscle. Furthermore, 
we must pay attention to the posterior region because the 
cutaneous sural medial nerve travels in the superficial po-
sition between the gastrocnemius heads proximally, and af-
ter medium third this nerve crosses laterally and obliquely. 

CONCLUSIONS
The anatomical comparative study of the leg’s nerves in 

barbed capuchins demonstrated that, in general, the pat-
terns of organization is identical among the four primates 
analyzed here since the primates have similar body struc-
tures and consequently the muscles are positioned in the 
similar sequence.

However, nerve trajectory and muscles innervation in 
Cebus was similar to baboons, as reported in previous stu-
dies of the thoracic members.
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