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ABSTRACT

Primates have various type of locomotion according to adaptation to their habitat. Orangutans, gorillas, and
chimpanzees are primates belong to the same family, Hominidae. Despite their anatomical and physiological
similarities, there are differences in adaptation and life behavior that cause differences in the distinctive anatomical
structures of all three hominids. This research aims to study the anatomical characteristics of Bornean orangutans’
pelvic and thigh muscles associated with the function and daily behavior. This research was conducted by
observing the morphology of the orangutan’s pelvic and thigh muscles, also observing the orangutans’ arboreal
and terrestrial behavior through video observations. The results showed that the pelvic muscles and extensor
muscles of the hind limb of the orangutans were less developed than in gorillas and chimpanzees. Orangutans
have well-developed m. scansorius to compensate the absence of m. tensor fasciae latae. Musculus ischiofemoralis in
orangutans has a unique structure because it is separated into a distinctive muscle. The absence of m. adductor
minimus is associated with the orangutans’ standing posture that more open than in gorillas. The differences in the
development of these muscles are due to the adaptation of the orangutans’ arboreal behavior to its habitat.
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INTRODUCTION

Primates have various types of locomotion
depending on their adaptation to their
environment. Generally, primates have
quadrupedal locomotion, although some other
primates use different types of locomotion. These
types of locomotion include bipedal, brachiation,
knuckle walking, and vertical clinging and leaping
(Schmitt, 2010). Orangutans are large apes that
have predominantly arboreal behavior with a
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semi-bipedal type of locomotion (Oishi et al., 2009).
Several types of orangutan locomotion have been
observed, including quadrupedal, bipedal, and
brachiation. Orangutans perform quadrupedal
locomotion using all four of their legs, and this
type of locomotion is usually used when walking
on the ground. Bipedal locomotion in orangutans
is performed using both hind legs to walk.
Generally, bipedal locomotion is performed when
orangutans are carrying something with their
front legs/hands. Brachiation using both front legs
is performed to swing from one branch to others.
This movement utilizes the strength of the upper
arm muscles of both arms. Brachiation is generally
performed when foraging, playing, or defecating
(Muslimah et al., 2020).

The locomotor structure influences the
locomotion patterns, habits, and behavior of
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primates. Orangutans  undergo specific
adaptations in both their front and hind legs,
resulting in the characteristic locomotion and
behavior of orangutans. The muscles in the
forelegs of orangutans are more developed than
those in the hind legs (Ankel-Simons, 2007). This
supports orangutans' movement in trees as
predominantly arboreal primates (Oishi et al.,
2009). Meanwhile, orangutans' hind legs are used
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for bipedal walking and are relatively flexible with
strong muscles for gripping tree branches.
Orangutans rarely stand bipedally without the aid
of hand contact with a nearby surface or object
(Tuttle et al., 1979). This is because the hind legs
are used more to propel the body forward than to
support it. These significant differences in the
structure and function of the front and rear
locomotor systems are an interesting topic for

Figure 1. Superficial and deep layers of the pelvic muscles of the Bornean orangutan, viewed dorsally,
along with a schematic diagram. A. Superficial layer; B. Deep layer after the m. gluteus maximus has
been retracted; C. Deep layer after the m. gluteus medius has been retracted; Scale bar = 5 cm. Legend: 1.
M. gluteus maximus*, 2. M. gluteus medius *, 3. M. piriformis, 4. M. gluteus minimus *, 5. M. scansorius**, 6.
M. gemellus superior*, 7. M. obturatorius internus, 8. M. gemellus inferior*, 9. M. quadratus femoris, 10. M.
biceps femoris, 11. M. semitendinosus, 12. M. adductor magnus, 13. M. vastus lateralis, 14. M. rectus femoris,
15. M. ischiofemoralis**, 16. anus. Naming based on: *FIPAT (2019), **Diogo et al. (2013a).
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further study. Therefore, research on the structure
of the pelvic and thigh muscles of Bornean
orangutans (Pongo pygmaeus) is important to
determine the relationship between the rear
locomotor structure of orangutans and their
behavior and type of locomotion. In addition, this
research can be used to distinguish the type of
locomotion and behavior of orangutans from other
great apes such as gorillas and chimpanzees.

MATERIALS AND METHODS

Place and Time of Research

This research was conducted at the Anatomy
Laboratory, Division of Anatomy, Histology, and
Embryology, School of Veterinary Medicine and
Biomedical Sciences, IPB University from January-
May 2023.

Research Procedure
Muscle morphology observation

This study used a set of pelvic and thigh
specimens from adult male Bornean orangutans
preserved in 10% formalin. The specimens were
obtained from the Pathology Division of SKHB
IPB. The specimens were opened by incising the
skin on the dorsomedial side to the caudal part of
the pelvic. The incision was continued to the distal
knee joint, then a circular incision was made
around the distal knee area. The skin was reflected
and the fatty tissue and loose connective tissue
located in the profundal skin were removed. The
pelvic and thigh muscles were observed from the
dorsal, cranial, lateral, and medial views in the
superficial and deep layers. The parameters
observed were the characteristic structures of the
pelvic and thigh muscles in adult Bornean
orangutans. Photographs of the morphological
observations of the pelvic and thigh muscles were
taken using a Canon® EOS 700D camera.

Observation of hind leg function

The observation of orangutan hind leg
function was conducted exploratively through
video observation of the behavior and daily
activities of orangutans and other great apes,
accessed on the YouTube platform as follows:
Orangutan —Man of the Forest HD (Heiman, 2014),

A Rare Look at the Secret Life of Orangutans
(National Geographic, 2018), and Orangutan: King
of the Treetops (Animalogic, 2018). The
parameters observed were the main arboreal and
terrestrial activities related to the use of the pelvic
and thigh muscles.

Data analysis

The results of muscle morphology
photographs and video observations of orangutan
behavior were schematically drawn and processed
using Adobe® Photoshop 2021 software. The
pelvic and thigh muscles were named based on
Nomina Anatomica Veterinaria (ICVGAN, 2017)
and other literature. These muscles were analyzed
descriptively and comparatively with other great
ape species, such as gorillas and chimpanzees.

RESULTS AND DISCUSSION

Orangutans are arboreal primates that use
their forelegs more as their primary means of
locomotion than their hind legs, although Bornean
orangutans have a higher frequency of terrestrial
locomotion than Sumatran orangutans (Kralick et
al., 2024). Based on research, there are several
differences in the characteristics of the limb
muscles in orangutans compared to other great
apes (Oishi et al., 2018; Kartjito et al., 2022;
Pietrobelli et al., 2024), including the abundance of
the iliopubic eminence associated with the
musculus adductor longus (Shearer et al., 2019). The
most developed muscles in the dorsal pelvis
consist of the gluteal muscle group, especially the
m. gluteus maximus (Figure 1). This muscle is thin
and wide, covering almost the entire dorsal pelvic
region. The proximal part of this muscle is thinner
than the distal part. The m. gluteus maximus has an
insertion at the cranial third of the lateral side of
the femur, so this muscle works to perform thigh
extension by pulling the femur until it is parallel to
the body. The m. gluteus medius is located just deep
to the m. gluteus maximus (Figure 1).

This muscle is relatively thinner in the cranial
region, while the caudal region of this muscle is
relatively thicker, and inserts laterally from the
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greater trochanter (trochanter major). So that when
this muscle contracts, it works synergistically with
the m. gluteus maximus as a thigh extensor. In

addition, the m. gluteus medius, together with the m.

gluteus minimus, plays a role in supporting the
stability of the pelvis and body when lifting the
leg during walking (Warwick & Williams, 1973;
Gottschalk et al., 1989). The m. gluteus minimus is
fan-shaped and inserts into the trochanter major
(Figure 1). This muscle, together with the m.
gluteus medius, abducts the hind leg. The pelvic
muscles of orangutans are relatively less
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developed than those of gorillas and chimpanzees,
which are more terrestrial. This is because these
muscles play a lesser role in supporting the
arboreal behavior of orangutans. Larger primates
require larger and stronger leg muscle structures
than those needed for fast movement, especially
the hind legs, which have relatively short muscle
fascicles to generate greater force (Marchi et al.,
2018).

Generally, the balance of primates when
walking is supported by the presence of the m.
tensor fasciae latae, but in this study, this muscle

Figure 2. The superficial and deep layers of the thigh muscles of the Bornean orangutan, viewed cranially
and laterally, along with a schematic diagram. A. Cranial view of the superficial layer; B. Cranial view
of the deep layer after the m. rectus femoris has been retracted; C. Lateral view; Scale bar = 5 cm.
Legend: 1. M. rectus femoris, 2. M. vastus medialis, 3. M. vastus lateralis, 4. M. vastus intermedius, 5. M.
gluteus maximus*, 6. M. gluteus medius*, 7. M. scansorius**, 8. M. sartorius, 9. M. adductor longus, 10. M.
iliacus, 11. M. gracilis, 12. M. ischiofemoralis**, 13a. M. biceps femoris caput longum, 13b. M. biceps femoris
caput brevis, 14. M. semitendinosus, 15. M. adductor magnus, 16. Anus. Naming based on: *FIPAT (2019),

**Diogo et al. (2013a).
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Figure 3. The superficial and deep layers of the thigh muscles of the Bornean orangutan are shown
medially, along with a schematic diagram. A. Medial view of the superficial layer; B. Medial view of
the deep layer after the m. sartorius, m. adductor longus, and m. gracilis have been retracted; C. Medial
view of the deep layer after the m. adductor magnus has been retracted; Scale bar = 5 cm. Legend: 1. M.
vastus medialis, 2. M. sartorius, 3. M. adductor longus, 4. M. gracilis, 5. M. semitendinosus, 6. M. iliacus, 7. M.
piriformis, 8. M. pectineus, 9. M. adductor brevis, 10. M. adductor magnus, 11. M. semimembranosus, 12. M.
quadratus femoris, 13. M. obturatorius externus, 14. M. rectus femoris, 15. M. ischiofemoralis**. Naming
based on: **Diogo et al. (2013a).

was not found. According to Diogo et al. (2013a), bipedally, orangutans rarely stand stably, so that
the m. tensor fascine latae in orangutans is their front legs or arms usually hold on to
underdeveloped and rarely found. With the surrounding objects (Tuttle ef al., 1979). Although
absence of the m. tensor fasciae latae, when walking the m. tensor fasciae latae was not found, the
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function of this muscle is thought to be replaced
by the m. scansorius, which is more developed than
in gorillas and chimpanzees. This is thought to be
a compensation for the absence of the m. tensor
fasciae latae, which plays a role in thigh flexion
(Sigmon, 1969) and balancing body weight when
standing and walking (Gottschalk et al., 1989). The
m. scansorius is a triangular-shaped muscle with a
relatively flat surface. This muscle is located deep
within the m. gluteus medius and runs along the
lateral edge of the ilium (Figure 1). In gorillas and
chimpanzees, the m. scansorius is rarely found as a
separate muscle (Diogo et al., 2010; Diogo et al.,
2013b). This is because both species have a
relatively well-developed m. tensor fasciae latae, so
the m. scansorius is not significant in replacing the
function of the m. tensor fasciae latae.

The abduction function of the hind leg is
supported by the role of the m. piriformis. This
muscle is located on the dorsal ilium, which is
more medial than the m. gluteus minimus and m.
scansorius (Figure 1). The abduction movement of
the femur is very important for shifting the body's
weight to the opposite side and preventing falls. In
addition to supporting abduction, the m. piriformis
also plays a role in rotating the hind leg laterally
together with the m. gemellus superior et inferior, the
m. obturatorius internus et externus, and the m.
quadratus femoris (Chang et al., 2023). The lateral
rotation of the hind leg plays a role in the
flexibility of orangutans when moving and
swinging in trees. These muscles rotate the
orangutan's hind legs laterally so that the hind
legs open and extend the reach of the feet to grasp
the surrounding tree branches. With these muscles,
the orangutan's hind legs become very flexible for
grasping and moving from one tree branch to
another.

The posterior leg flexor muscles are composed
of the m. ischiofemoralis, m. biceps femoris, and m.
semitendinosus on the lateral side (Figure 2), and
the m. semimembranosus, m. sartorius, and m. gracilis
on the medial side (Figure 3). In general, these
flexor muscles act as extensors of the hip joint and
flexors of the knee joint. The m. ischiofemoralis in
orangutans is unique because it appears as a
separate muscle from the m. gluteus maximus. This
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muscle in orangutans is thought to help
strengthen the flexor muscle group to reach tree
branches during arboreal movement. In
chimpanzees, this muscle is still found to be fused
and is considered part of the posterior portion of
the m. gluteus maximus (Kaseda et al., 2008), while
in gorillas this muscle is not found.

The m. biceps femoris in orangutans has two
heads, namely the long head (caput longum) and
the short head (caput brevis) (Figure 2). The caput
longum inserts into the caput tibia, while the caput
brevis inserts into the caput fibula and the fascia
cruris. The insertion location of the m. biceps femoris
indicates the role of this muscle in lateral knee
flexion, while medial knee flexion is performed by
the m. sartorius, m. gracilis, m. semitendinosus, and m.
semimembranosus. The role of the posterior leg
flexor muscles is essential for orangutans during
arboreal activities. These muscles in orangutans
serve to bring closer the tree branches they reach
for. This is consistent with the research by Tuttle et
al. (1979) that the m. biceps femoris plays a role in
helping orangutans climb and move from one tree
to another as well as during bipedal walking. In
addition, the developed hamstring muscles in
orangutans are related to this animal's standing
activity. When standing, orangutans' knees appear
bent due to several flexor muscles that insert
distally at the knee joint.

The extensor muscles of the hind leg are
composed of the m. quadriceps femoris, which
consists of the m. rectus femoris, m. vastus lateralis,
m. vastus intermedius, and m. vastus medialis (Figure
2). These muscles are well developed, but
relatively smaller than the flexor muscles of the
hind leg. These muscles work synergistically to
extend the knee joint and protract the hind leg.
The hind limb protraction movement is performed
by lifting the leg and directing it forward during
bipedal walking and climbing. The m. rectus
femoris assists the terrestrial movement of this
animal during bipedal walking. During the
bipedal walking process, the m. rectus femoris
works antagonistically with the m. biceps femoris
(Tuttle et al., 1979).

The antagonistic action of the m. rectus femoris
and m. biceps femoris also plays a role in the
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arboreal activities of orangutans when reaching
for branches to move. The orangutan's hind legs
extend when reaching for tree branches, and then
flex when the branches are brought closer (Figure
4). The extension and protraction of the hind legs
are reinforced by the m. vastus lateralis et medialis
and m. vastus intermedius. The m. vastus lateralis
plays a role when orangutans straighten their legs

while climbing. Orangutans rarely use their thighs
to grip tree trunks while climbing, so the m. vastus
medialis is relatively less developed than the m.
vastus lateralis. According to Zihlman et al. (2011),
the extensor muscles play a role in generating
strong propulsive force on the ground. Therefore,
in gorillas, the extensor muscles of the hind legs
are relatively more developed than in orangutans,

\

Figure 4. Arboreal and terrestrial behavior of Bornean orangutans. A. Brachiation movement (Heiman,
2014). B. Climbing process (Heiman, 2014). C. Bipedal position on a tree (National Geographic, 2018).
D. Quadrupedal position when walking (Heiman, 2014). E. Bipedal position on the ground
(Animalogic, 2018). Description: 1. Body leaning forward and one arm reaching for a tree branch, 2.
Front and rear limbs grasping the tree branch, 3. Orangutan moving to the next tree branch.
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which live arboreally. The adductor muscles of
orangutans are composed of the m. adductor longus,
m. adductor magnus, m. adductor brevis, and m.
pectineus (Figure 3). In this study, no m. adductor
minimus was found, whereas in gorillas, a more
developed m. adductor minimus was found (Raven
et al., 1950). The m. adductor minimus in orangutans
and chimpanzees is generally not found and is
often referred to as part of the m. adductor magnus
(Diogo et al., 2013a; Diogo et al, 2013b). The
absence of the m. adductor minimus in orangutans
is thought to cause the hind legs to be more open
and farther apart (Figure 4). In addition, the wide
stance of orangutans serves to distribute body
weight across both hind legs due to the bent knee
position. This differs from gorillas, which have a
well-developed m. adductor minimus. The hind legs
of gorillas appear relatively more closed and
closer to each other.

CONCLUSION

In general, the structure of orangutan pelvic
and thigh muscles is similar to that of gorillas and
chimpanzees. Orangutan pelvic muscles are
relatively less developed than those of gorillas and
chimpanzees, which are more terrestrial. The m.
tensor fasciae latae is not found, and the function of
this muscle is thought to be replaced by the m.
scansorius, which is more developed than in
gorillas and chimpanzees. The flexibility of
orangutans during arboreal activities is supported
by the rotator, extensor, and abductor muscles of
the hind legs. The m. ischiofemoralis is unique to
orangutans and appears as a separate muscle from
the m. gluteus maximus. The hind leg extensor
muscles of orangutans are relatively less
developed than those of gorillas and chimpanzees
because extensor muscles are more active during
terrestrial movement. The m. adductor minimus is
not found in orangutans, which is related to the
more open standing posture of orangutans
compared to gorillas.
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