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INTRODUCTION

It is needed to know the morphological conditions of
all the animals, in special those under some extinction risk.
The various Leontopithecus species are in this group, because
we can’t find in the specialized literature, enough data to
allow us analyze diverse sectors functions of these animals
anatomy.

There are references to several studies about skeletal
muscles Tidball  & Quann, (1992); Yan et al. (1998);
Yoshitake et al. (2002); Abmayr et al. (2003); Schwander et
al. (2003), in members muscles, as on the  chimpanzee Miller

(1952); and Alouatta (Grand, 1968). Schon (1968) studied
posterior members muscles of the Alouatta. Marques et al.
(1999) studied the Leontopithecus sartorius muscle.

Getty (1986) described a muscle union between the
SM and GM in several animals: horse, cow, dog and cat,
with no references to functional conditions.

In addition to the lack of descriptive data about the
muscle union on the Leontopithecus, there is also no presence
of hypotheses related to the isolated or joint action of these
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SUMMARY: The Golden Lion Tamarin (Leontopithecus rosalia) is an endemic primate of the Brazilian Atlantic coastal rainforest,
still under serious extinction risk. Just a few is know about its anatomy, specifically the muscle unions. Due to the reasons exposed before,
aiming understanding the locomotion of this and others primates, we decided to study the morphology and morphometry of the gracilis
and sartorius  muscles, and the relation between them, in three Leontopithecus species.

The current study examined 18 adult animal carcasses, of both sexes and with no physical abnormalities on the studied region.
The material belongs to the Rio de Janeiro Primatology Center collection. The posterior members were dissected till the gracilis  and
sartorius muscles level, when were executed the morphometry, obtaining the cross section area and the histological analysis of the
macroscopic between the gracilis muscle and the sartorius muscle.

We described the morphology of the gracilis muscle and sartorius muscle, obtained the average muscle morphometry values and
studied, histologically, the union between these muscles.

The morphological and morphometric analysis allow us suggest descriptive parameters for these muscles the histological analysis
allow us conclude the gracilis muscle and sartorius muscle fibers are not linked, but kept together by a conjunctive tissue, thus, being
inserted into the medial side of the tibia. Functionally, we believe the gracilis muscle and the sartorius muscle shall contribute on the
active containment of the knee joint and on the biomechanics of the posterior members, of these primates, known as runners.

KEY WORDS: Leontopithecus; Muscle union; Gracilis muscle; Sartorius muscle; Anatomy.

*      MS. Department of Anatomy, Estácio de Sá University, RJ - Brazil.
* *    MD, PhD. Department of Anatomy, State of Rio de Janeiro University and Medicine Faculty of Petrópolis, RJ – Brazil.
* * *  PhD. Department of Histology, State of Rio de Janeiro University - Brazil.



216

muscles, in the general mobility and locomotion of these
animals. These facts leaded us to study the morphology,
macro and microscopic, of the muscle union found on the
Leontopithecus.

MATERIAL  AND  METHOD

The studied samples numbered 18 carcasses, from
adult animals, considering the presence of the molar teeth
Hershkovitz (1977). Three Leontopithecus species were
used: rosalia (Golden Lion Tamarin), chrysomelas (Golden
Headed Lion Tamarin) and chrysopygus (Black Lion
Tamarin), all captive bred, of both sexes and with no visual
deformations, belonging to the Rio de Janeiro Primatology
Center (CPRJ- FEEMA) collection.

The biometry of these animals was executed after
death in order to obtain the measures and the data were
recorded on a proper model. Afterwards, the animals were
stored immerse in a formol solution (15%), backwards down,
with anterior and posterior members abducted and deflexed
Coimbra-Filho, (1985) (Fig. 1).

After fixing the carcass in a table, in the position used
for conservation, the dissection started with plans through a
longitudinal and a anterior incision, at the medial portion of
the thigh, and through two more transverse incisions: one at
the anterior superior iliac spine level and another one at the
tibia tuberosity. After fascia removal, the muscles were
visualized and individualized (Fig. 2).

Muscle Morphometry: The muscle morphometry was
achieved obtaining the following measures: tl – total length:
the distance, in a straight line, from the origin to the insertion
point; pw – proximal width: at the level of the 1/3 superior
portion of the origin tendon (1mm underneath its fixation);
mw – medium width: at the level of the medium 1/3 of the
muscle; dw – distal width: at the distal edge, before the
macroscopic union between the muscles (Fig. 3).

Fig. 1. Position of the animal for the dissection

Fig. 2. Sartorius and
gracilis muscles. The
union of the muscles on
the insertion.

Fig. 3. Scheme about the morphometry of the muscles. Lp –
proximal width; Li – intermediate width; Ld – distal width; Ct –
total length.

Cross Section Area (CSA): The cross section area is a useful
resource in calculating the possibility of muscle strength (S)
and work (W) development. An specially designed device,
that allows a direct CA reading Santo Neto et al. (1984);
Vasconcellos (1987); Marques (1995) is employed to obtain
the CSA. After sectioning, the widest portion of the muscle
is place inside the device and then, compressed, without being
deformed, by the mobile part, thus the CSA value can be
read (Fig. 4). All obtained data were recorded by its mean
value, after 3 sequenced measures, on a proper model.

Fig. 4. Dispositive to measure the
cross section área of the muscles.
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Histological Study: A small fragment of muscle
tissue were taken, by a transversal cut, from the location
where the GM and SM union can be macroscopically
observed, for studying in optical microscopy, using
hematoxilin-eosin coloration.

The lamina was made using by cutting off a fragment
formolized at 10%. All the specified times for the hematoxilin
and eosin coloration technique (alcoholic solution at 70%,
and then at 90%, following pure alcohol, each solution one
hour long,  with two repeated pure alcohol baths) were
observed. Following, two xilol baths (one hour long each).
We used paraffin, in two baths, one hour long each, for
inclusion. After the microtomy, the laminas, were put on the
stove/heather for 24 hours. The final stage was coloration,
by hematoxilin-eosin.

Statistic study: The Microsoft® Excel (Windows
XP®) was used to calculate the muscle morphometry mean
value.

RESULTS

Muscle Morphology Gracilis muscle (GM) – Located in
the medial compartment of the thigh, maintaining the same
width from the origin point until its union with the sartorius
muscle. It belongs to the medial muscles group of the thigh.
The origin is located in the pubic synphisis, presenting a
few amounts of tendon fibers. The insertion is fixed in the
superior third of the medial side of the tibia, through muscle
fibers coated by a tough fascia. There were no morphological

Table I. Statistic results of the three studied species: M (muscle); FC (captive female); MC (captive male); SD (Standar
desviation); Vhigh (maximum value); Vmin (minimum value); CV% (variation coefficient); tl( total length); pw ( proximal
width); mw (media width);  dw  (distal width)
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differences considering sides and sexes. In two animals, the
GM was linked to the long adductor muscle.

Sartorius muscle (SM) – A plain muscle, flat shaped,
that crosses the thigh anterior and medial. In the origin point
it is fixed to the anterior superior iliac spine, through a short

and flat tendon and in the insertion point, through muscle
fibers, in the proximal third of the medial side of the tibia
body, with its fibers coated by a tough and linked to the GM.

Muscle Morphometry. The results for the muscle
morphometry are in Tables I and II.

Table II. CSA (Cross section area result); S (strength); W (muscle work), from the 3 studied; M (muscle); R (right); L (left); PM (primatology
museum).

DISCUSSION

Muscle morphology. Beattie (1927) describes the
musculature of the Callitrichix jacchus emphasizing that the
SM does not have any relation with the GM.

Miller described the SM and GM in chimpanzees.
The SM originates from the iliac anterior edge through a
tendon arch, running at the surface, in the medial side of the
thigh, being inserted over the superior third of the tibia, being
involved by a aponeurotic sheath, linked to the gracilis and
semitendinous muscles; the GM originates, in its main
portion, in the inferior (lower) part of the pubis, merged to
the short adductor muscle, and fixed in the antero-medial
side of the tibia. According to this description, we can ob-
serve that there is similarity between these primates and the
Leontopithecus.

Grand (1968) studied the GM and SM in the Alouatta

emphasizing the link between them and the surrounding of
both by an aponeurosis. Although the Alouatta them are
classified as brachiators, they show runner characteristics,
what should justify the muscle morphology, similar to the
one found on the Leontopithecus.

In the musculature description of the Allouata, Schon
(1968), tells the SM contributing in the as pes anserinus
(Bursa anserinus) formation, being important in the animals
locomotion, and also in helping the thigh flexion and
abduction, and leg flexion. The GM is described showing,
in the insertion point, only muscle fibers, what can also be
observed in the Leontopithecus.

Getty studied the GM and SM of domestic animals.
These muscles were found linked in the equine and in the
bovine. The GM relates to the posterior muscles of the leg,
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being surrounded, together with these, by only one fascia.
In dogs, the GM joins the SM from the origin to the insertion.
In cats, both muscles are fixed by only one tendon to the
insertion, this characteristic resembles the one found in
Leontopithecus, although, cats do not show tendon fibers in
this union. The locomotion of these animals is typically
runners like, what also happen to the Leontopithecus.

The SM and GM description in humans shows that
they are fixed by tendons in the medial side of the tibia
tuberosity and that they are surrounded by a sheath
aponeurotic, denominated as pes anserinus (bursa anserinus)
Baptista Netto; Dangelo & Fattini (2002), Moore (2001) and
Didio (2002). In Leontopithecus, the fixation of these muscles
can be observed in the same location, but through muscle
fibers, and them, surrounded by a sheath aponeurotic.
Baptista Neto emphasizes that the GM in the man executes
the flexion and aduction of the thigh, what can also be
observed in Leontopithecus, as this animal, in its habitat,
maintains thighs and legs in flexion and adduction.

The SM, in Baptista Netto’s (1944) description, shows
fixation in the anterior superior iliac spine in the medial side
of the tibia tuberosity, through an aponeurotic expansion that
together with the gracilis and semitendinous muscles form
the pes anserinus (bursa anserinus), not existing any kind
of union between them. In Leontopithecus, this union is
evident. The function of thigh flexioning executed by these
muscles, in man, resembles to the observed in
Leontopithecus.

Basmajian (1976) mentions the SM as a tibia medial
rotator. In the Leontopithecus, whose topography in the thigh
is similar to humans, we believe that the action of tibia medial
rotation may also be done by these animals, due to its habi-
tual posture.

Brunnstrom (1979) and Platzer (1988) mentions that,
in humans, the muscles of thigh present tough unions with a
fascia, or with an intermuscular tendon, or both. In our study,
the SM and GM were found linked and involved by a fascia,
in the insertion. Perhaps, this muscle union is used to enhance
the action of the leg’s flexion or to improve the muscle strength
during the movements they are used. Similar unions can also
be observed in the lombrical muscle of humans that reinforces
the action of the finger’s extensor muscle during interfalangical
extension  Basmajian (1976). It may also be observed in the
action of the GM and SM of the Leontopithecus.

Bergman (1984) mentioned the GM fixation, in the
leg’s fascia, similar to the found in the Leontopithecus. These
characteristics, in these animals, may allow the stabilization
of this region.

While studying a black male corpse, Garbelotti (1999)
identified a SM, biceps presenting a double origin, as it is
observed in domestic animals. This sort of morphology was
not observed in the Leontopithecus.

Muscle morphometry.The highest measure values of
muscle morphometry were found in Leontopithecus rosalia
females, what may suggest that, in this species and sex, there
was a higher flexion potential. In Leontopithecus
chrysomelas, a higher TL value was observed in males. In
the females, the highest MW value was found in the right
side. We found the highest TL values, for SM and GM, in
the Leontopithecus chrysopygus males.

The VC% in both PW sides of the three species, and,
all the Leontopithecus chrysopygus items, presented high
values, what shows great variation among the measures,
preventing its use as a parameter. In the Leontopithecus
chrysomelas, the DW presented a constant VC%, what is due
to the small variation of this measure, independent of sex.

The angle between the SM and GM did not present
any alterations, what shows that the muscle disposition is
the same in the three species.

The CSA and the muscle strength values were highest
in the GM, especially in Leontopithecus chrysopygus
females. The Leontopithecus rosalia presented the highest
values in the left side of this muscle.

Comparing the CSA of the GM and SM in
Leontopithecus with the results found by Brunnstrom (1979)
in humans, it can be observed that these animals have low
CSA values.

Dângelo & Fattini states that the GM and SM are,
respectively, inervated by the n obturatorius (L2, L3 and L4)
and femoral nerves (L2, L3 and L4). This inervation is
repeated in the Leontopithecus, what can be an indication of
similar strengths or even a strength improvement.

Histological evaluation. According to what was evaluated,
histologicaly, the GM and SM did not present union among
muscle fibers, but were maintained, side by side, by
conjunctive tissue tape, parallel until fixation. A clear
separation between both muscles fibers is observed, and
therefore, it can’t be affirmed that there is muscle fusion,
but a partial macroscopic union, probably allowing an
improvement in muscle actions.
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RESUMEN:  El Tití León Dorado,  (Leontopithecus rosalia) es un primate (especie de los Tamarinos y Titíes) de la foresta atlántica brasileña en serio
riesgo de extinción. Poco se conoce acerca de su anatomía, específicamente de las uniones musculares. Debido a ello, con el objetivo de comprender la locomoción
de éste y otros primates, estudiamos la morfología y morfometría de los músculos grácil  y sartorio  y la relación entre ellos, en 3 especies de Leontopithecus rosalia.

Se examinaron 18 animales adultos, de ambos sexos, sin anormalidades físicas en la región estudiada. El material pertenece a la colección del Centro de
Primatología de Rio de Janeiro, Brasil. Los miembros posteriores fueron disecados hasta el nivel de los músculos grácil y sartorio, donde se efectuó la morfometría,
obteniéndose, entre los músculos mencionados un área para su análisis histológico.

Describimos la morfología de los músculos grácil y sartorio. Se obtuvieron valores promedio de la morfometría muscular y se estudió histológicamente la
unión entre esos músculos. El análisis morfológico y morfométrico permite sugerir parámetros descriptivos de esos músculos. El análisis histológico  permite
concluir que las fibras del músculo grácil y del músculo sartorio no están fusionadas sino que se mantienen juntas a través de tejido conjuntivo, así, se insertan en el
lado medial de la tibia. Funcionalmente, creemos que los músculos grácil y sartorio contribuyen a una activa contención de la articulación de la rodilla y sobre la
biomecánica de los miembros posteriores de esos primates, conocidos como corredores.
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    Received. 14-12-2005
   Accepted: 27-02-2006


