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Abstract:

The study of myology is relevant for both functional understanding of and distinguishing
different species. The pine marten (Martes martes) is a small carnivore found in Europe and
Western Asia and belongs to the Mustelidae family. For the purpose of this study, a fresh car-
cass which was found in the hunters’ trap, was brought to the anatomy hall of veterinary fac-
ulty, for anatomical studies. After the routine preparation of the specimen, extrinsic muscles of
forelimbs and intrinsic muscles situated on the shoulder and brachium regions were studied by
gross dissection. Here we aim to describe the morphology of extrinsic as well as shoulder and
brachium muscles of pine marten forelimb and compare them to the other carnivores. Overall,
our findings indicated that forelimb muscles in pine marten are highly conservative. However,
some significant differences in origin, insertion and the number of sections were observed in
some muscles. These results will be useful for comparative myological studies of Mustelidae
family and other carnivores. Meanwhile, further studies with more samples are needed to pres-
ent clear information for Mustelidae family.
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Anatomical Study of Pine Marten
Case history

The study of myology is relevant for both
understanding of the muscular system and
distinction of different species. Carnivores
are the order of mammals which are suc-
cessful in hunting, currently with about 128
living species (Wilson, 2009). However, in
comparison with this diversity, the docu-
mented knowledge of myological variation
within this order 1is still scarce, except for
the canine and feline (Evans, 1993). Par-
ticularly for mustelids, a clade with broad
locomotion strategies, only a few publica-
tions have dealt with postcranial muscu-
lature (Fisher et al. 2008). In this family,
some of the characteristics of the muscular
system have been considered useful in or-
der to distinguish between species. (Fisher
et al. 2008; Moore et al. 2013).

Extrinsic muscles of the forelimb are the
muscles that arise from the neck, thorax, or
cranium and extend to the forelimb. All the
extrinsic muscles of pine marten are visu-
ally distinguishable. The extrinsic muscles
are divided into two divisions: 1. The dorsal
division includes the trapezius, rhomboide-
us, latissimus dorsi and omotransversarius
and 2. The ventral division which includes
the serratus ventralis, omotransversarius,
brachiocephalicus and pectoral muscles. In-
trinsic muscles include those that are asso-
ciated only with the limb itself and situated
on the scapula, brachial and antebrachial re-
gions. These muscles act (extension or flex-
ion) on shoulder, elbow, carpal and digital
joints (Dyce et al. 2018).

The Iranian pine marten (Martes mar-
tes) 1s a species, distributed in Europe and
Western Asia belonging to the Mustelidae
family. They have a cream to yellow color
bib-like marking on their throats (Hickman
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et al. 2008).

All the previous myological studies for
the Mustelidae family have been collected
and presented by Ercoli et al. in 2014. To
the authors’ knowledge, there are no myo-
logical descriptions of Iranian pine marten
and all the previous studies were related to
other species. Only a few studies have been
performed on forelimb of other Mustelidae
species such as American badger (7axidea
taxus) (Mooreetal.2013; Hall, 1926), Amer-
ican Martes (Martes americana) (Leach
, 1977), Lesser Grison (Ercoli et al. 2014)
and other studies had different target organs
such as lumbar region, tail, hind limbs and
bones (Maed et al. 2000; Macdonald et al.
1995). Also, almost all presented pictures in
literature studies were drawings and overall,
few high resolution images for comparison
can be found in the literature.

For these reasons, the principal goal of
this study is to present a general description
of muscles of forelimbs of pine marten and
present high quality photographs instead of
drawings. We hope that in the future, more
morphologic and morphometric findings
and a more comprehensive comparison of
carnivorous fore limb myology will be pre-
sented.

Clinical presentation

The carcass of one male adult pine mar-
ten was provided by the environmental de-
partment of Semnan province in Iran. The
animal was caught in the hunter’s trap and
died in Golestan province. Because of the
scarcity of this species, environmental de-
partment separated the head, fore limb and
hind limb paws in order to prepare taxono-
my and statistical samples. For this reason,
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the rest of the thoracic limb muscles on the
fore arm could not be studied. The carcass
was sent to the faculty of veterinary medi-
cine of Semnan University for anatomical
studies. To increase the durability and fix-
ation of the carcass, 500 ml of 10% forma-
lin was injected into the abdominal and the
thoracic cavity, and the carcass was placed
into 10% formalin for 10 days. After the fix-
ation period, extrinsic and intrinsic muscles
on the shoulder and brachium of the fore-
limbs were studied by gross dissection. The
judgment of muscle size was done visually.
At each stage of the dissection, the relevant
description and also the clear images of the
sample were taken.

Extrinsic muscles: The brachiocephali-
cus was extended from the arm to the head
and neck. It was made up of two portions
including cleidobrachial and cleidocephal-
ic, and most likely the cleidocephalic con-
sisted of the clediomastoid and the cled-
icervical. The Proximal -cleidobrachialis
was separated from the cleidocephalic by a
typical claviclular intersection just cranial
of the shoulder joint. The cleidobrachialis
originated from the clavicular intersection
and inserted on the cranial of humeral crest
just distal to the insertion of the deltoide-
us. The omohyoideus could be seen after
removal of cleidomastoid muscle which
originates from the cranial border of scap-
ula and is attached to the sternothyrohyoid
in its path (Fig.1).The delicate fibers con-
nected to the cleidobrachial were probably
cutaneous coli muscles.

The trapezius was segregated into two
portions including cervical and thoracic,
which were joined by a typical aponeurosis.
Also, it was noticeable that the distal end
of this aponeurosis terminated just about
the caudal angle of the scapula. The cervi-
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cal portion was larger in comparison to the
thoracic portion and it covered some parts
of the infraspinatus and the supraspinatus
muscle. It just started caudally to cleidoce-
phalic of brachiocephalicus and originated
from nuchal ligament and spinous process
of the 3rd cervical to 3rd thoracic vertebrate,
independently and was inserted in the prox-
imal half of the scapular spine. The thoracic
portion stretched from 3rd to 8th thoracic
vertebrae and inserts on the proximal ex-
tremity of the scapular spine (Fig. 1 and 2).

Omotransversarius was a strong, belt-like
muscle originating from caudoventral of
the atlas wings and runs caudoventrally to
the medial side of the brachiocephalicus. It
was inserted on distal of the scapular spine
and the suprahamate process of the scapula
(Fig. 1 and 2).

The rhomboideus muscle could be ex-
posed after removal of trapezius, omotrans-
versarius and brachiocephalicus muscles. It
contained four parts: the thoracis, cervicis,
capitis and atlantis (Fig. 3).

Rhomboideus thoracis was the largest
division of this muscle. It originated from
the dorsal midline raphe and the supraspi-
nous ligament associated with the third and
fourth thoracic vertebrae. The rhomboideus
cervicis and the rhomboideus thoracis in-
serted on the scapular cartilage (Fig.3).

Regarding the animal size, rhomboideus
capitis had a significant size. It originated
from the nuchal crest of the occipital bone
and inserted near the cervical portion of the
serratus ventralis on the cranial angle of the
scapula. The rhomboideus atlantis was origi-
nated from near the omotransversarius in at-
las and inserted on the most proximal part of
the scapular spine, and its fibers were not as-
sociated with the other two muscles (Fig. 3).

The serratus ventralis was a well devel-
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Figure 1. Superficial muscles of the left forelimb. (Lat-
eral view). 1. Latisimus dorsi. 2. Trapezius / cervicis (a)
thoracis (b). 3. Omotransversarius. 4. Brachiocephalicus
(cleidocephalicus). 5. Brachiocephalicus (cleidobrachia-
lis). 6. Deltoideus (Scapular part) .7. Deltoideus (Acromi-
al part). 8. Tensor Fascia antebrachii. 9. Triceps (Lateral
head). 10. Triceps (Long head).

Figure 2. Insertions of some extrinsic muscles of the left
forelimb. (Lateral view). 1. Trapezius (a) thoracis (b) cer-
vicis. 2. Serratus ventralis thoracis. 3. Omotransversarius.
4. Latissimus dorsi. 5. Cliedobrachialis.

oped, fan-shaped muscle which had strong
muscular digitations. It arose from the
transverse processes of the last five cervical
vertebrae and lateral surface of the first sev-
en ribs. The muscle inserted on two small
serrated faces located on the medial surface
of the scapula and scapular cartilage. The
thoracic part had more tendentious intersec-
tion (Fig.4).

The latissimus dorsi was a wide muscle
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which originated from the lateral surface of
the 9th to 11th ribs and the spines of the 9th
to 13th thoracic vertebrae. The muscle be-
came narrower as it went to the insertion.
The lower end of this muscle was located
next to the ascending pectoral muscle and
finally inserted on the medial surface of hu-
merus next to the insertion of the teres ma-
jor (Fig. 1, 4 and 6).

The pectoral muscle was divided into
three well-developed heads including P. as-
cending, P. descending, and P. transverse.
The P. descending and P. transverse were
superficial and P. ascending had superficial
and deep portions. The deep portion was
situated in medial and upper than the su-
perficial portion and inserted on the medial
surface of the clavicular intersection. Also,
the superficial portion of the P. ascending
was more oblique while the deep portion
was approximately straight. The P. ascend-
ing originated from the ventral surface of
the sternum and the lower half of the costal
cartilages (7th to 8th) and finally inserted on
the cranial surface of the proximal extrem-
ity of the humerus. Regarding the animal
size, the P. ascending was big and bulky and
the fibers of P. ascending muscle were strait
(Fig. 5 and 6).

The P. descending originated from the
cranial 1/3 of the sternum and inserted in
humeral crest of humerus. The P. transverse
was located between P. descending and P.
ascending. This muscle was the smallest
head of pectoral muscle and it originated
from the cranial half of the ventral border
of sternum from the second to fourth costal
cartilages and inserted on the medial sur-
face of humeral fascia (Fig. 5 and 6).

Intrinsic muscles: Scapular and bra-
chial muscles were also dissected. Like
the domestic cat, mustelidae family had
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Figure 3. Some deep extrinsic muscles of the right fore-
limb (Dorsal view). la. Rhomboideus atlantis. 1b. Rhom-
boideus capitis. 1c. Rhomboideus cervicis. 1d. Rhomboi-
deus thoracis. 2. Latissimus dorsi. 3. Cleidocephalicus.
4a. Trapezius thoracis. 4b. Trapezius cervicis. 5. Serratus
ventralis cervicis.

Figure 4. Some deep extrinsic muscles of the left forelimb.
1. Latissimus dorsi. 2. Serratus ventralis thoracis. 3. Serra-
tus ventralis cervicis. 4. Subscapularis.

well-developed flexor and extensor mus-
cles surrounding the shoulder joint. Import-
ant flexors of this joint, such as the triceps
brachii (long head), deltoideus, teres major,
and infraspinatus, were particularly well
developed as extensors such as the biceps
brachii and supraspinatus.

The deltoideus was composed of two por-
tions that fuse and act in the shoulder. These
two heads were completely divided and
well developed. The smaller scapular por-
tion arose from the length of the scapular
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spine and covered the infraspinatus muscle.
The larger acromial portion of the deltoide-
us arose by fleshy fibers from both hamate
and suprahamate processes (acromion and
metacromion processes) and has a fusiform
shape. Both portions of the muscle fused
before they inserted on the deltoid tuberos-
ity of the humerus by a strong flat tendon
(Fig. 3 and 4).

The supraspinatus which was almost
twice as wide and bulkier than the infraspi-
natus, was largely covered by the trapezius
cervicis and the omotransversarius. It lied
in the supraspinous fossa and extended over
the cranial border of the scapula. However,
it was bigger than the fossa and thus could
be seen from medial view. It originated from
supraspinous fossa in the scapular cartilages
and inserted on both greater and lesser tu-
bercle of the humerus (Fig. 7).

The infraspinatus was a fusiform muscle
which lied in the infraspinatus fossa and ex-
tended caudally beyond it. The infraspina-
tus originated from the supraspinatus fossa
in the lateral aspect of the scapula. It insert-
ed on the caudal part of greater tubercle of
humerus (Fig. 7).

The teres minor, a very small fusiform
muscle, was located in the caudal of the
shoulder joint. It was covered superficially
by scapular part of the deltoideus. It origi-
nated from distal part of the caudal border
of the scapula’s adjacent edge of the glenoid
region. It inserted on the greater tubercle,
caudoventral to the insertion point of the in-
fraspinatus (Fig. 7).

The multipennate subscapularis occupied
the entire subscapular fossa. The supraspi-
natus was closely associated with it crani-
ally, whereas the teres major had a similar
relation caudally. It had six different parts
which were easily differentiable and sepa-
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Figure 5. Pectoral muscles of the left forelimb.(Ventral
view). 1. Pectoralis descending. 2. Pectoralis transversus.
3. Pectoralis ascending.

Figure 6. Insertions of some extrinsic muscles of the left
forelimb. (Medial view). 1. Serratus ventralis (a) cervicis
(b) thoracis. 2. Rhomboidus (a) cervicis (b) thoracis. 3.
Cleidobrachialis. 4. Pectoralis (a) descending (b) transvers
(c) ascending. 5. Latissimus dorsi. 6. Axilary limph node.

rated by deep notches. It originated from all
of the subscapular fossa and inserted by a
thick tendon on the caudal part of lesser tu-
bercle of the humerus (Fig. 8).

The teres major muscle was also very well
developed. Its proximal extremity arose
from the proximal half of the caudal border
of the scapula by fleshy fibers. It inserted
on the teres major tuberosity, which was lo-
cated on the medial surface of the proximal
third of the humerus (Fig. 6).

The single and fleshy coracobrachialis
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muscle was fairly large regarding the ani-
mal size and originated from the coracoid
process of the scapula and ran distally on
the middle third of the medial face of the
humerus (Fig. 8).

The tensor fascia antebrachii was a
well-developed, thin strap muscle which
had two portions in pine martens. The first
part arose from the caudal angle of the scap-
ula in the caudal border of the teres major
and the second part arose from the fascia on
the latissimus dorsi. Also, the first portion
was thicker and situated in the lateral sur-
face in the back of the triceps brachii. One
part inserted on the proximal extremity and
caudal border of olecranon and the other
part inserted on the medial surface of the
long head of triceps brachii (Fig. 1 and 8).

The triceps muscle consisted of four
strongly developed heads including a long
head, lateral head, medial head and acces-
sory head, all of which inserted on the olec-
ranon tuberosity (Fig. 3 and 4).

The lateral head arose from the tricipital
line just caudal to the greater tubercle of the
humerus by a short flat tendon. The later-
al head was larger than the long head. This
portion inserted on the lateral surface of the
olecranon. The medial head arose from a
ridge situated just under the humerus. This
portion blended with the long head and in-
serted on the medial side of the olecranon.
The long head was a large muscle that orig-
inated on the caudal border of the scapula
immediately caudal to the glenoid cavity. It
inserted by a strong tendon to the dorsal and
cranial aspects of the olecranon. Accessory
head originated from the common tendon of
insertion of the teres major and latissimus
dorsi and inserted on the medial face of the
olecranon (Fig. 8).

The biceps brachii was a large fusiform
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Figure 7. Some intrinsic muscles of the left forelimb.
(Lateral view). 1. Triceps (Long head). 2. Triceps (Lateral
head). 3. Triceps (Accessory head). 4. Brachialis. 5. Teres
minor. 6. Teres major. 7. Supraspinatus. 8. Infraspimatus.

Figure 8. Intrinsic muscles of the left forelimb. (Medial
view). 1. Teres major. 2. Subscapularis. 3. Coracobrachi-
alis. 4. Tensor fasciae antebrachii. 5. Triceps (Long head)
6. Triceps (Medial head). 7. Triceps (Accessory head). 8.
Biceps brachii.

muscle that originated from the supragle-
noid tubercle of the scapula and was insert-
ed by a strong, flat tendon to the radial tu-
berosity of the radius (Fig.8).

Assessments

The present study reveals that brachioce-
phalicus is composed of cleidocephalicus
and cleidobrachialis, and cleidocephalicus
muscle like the other carnivores has two
heads: clediomastoidus and cledicervicalis
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(Fig. 3.) (Dyce et al. 2018). However, it has
been mentioned that in American marten,
cleidocephalicus is consisted of cleidomas-
toideus and cleido-occipitalis. (Leach, 177).
The clavicular intersection of Iranian pine
marten is well developed like other cats
(Getty, 1975).

The present study also shows that the tra-
pezius is clearly separated into a larger cer-
vical part and a smaller thoracic part, which
is joined by a typical aponeurosis, around the
caudal angle of the scapula (Fig. 1). In other
carnivores, this ridge is placed slightly ahead
(Getty, 1975). The cervical part of trapezius
in this specimen inserts in the proximal half
of the scapular spine, while this part of the
trapezius inserts along the entire length of
the scapular spine and metacromion process
in American marten (Leach, 1977).

The present work showed that rhomboi-
deus muscle contained four parts: the tho-
racis, cervicis, capitis and atlantis, with the
thoracic part, being the largest of them all
(Fig. 3). Studies on other carnivores showed
that in these animals, rhomboideus muscle
has three parts. In cheetah, ocelot, cat and
dog rhomboideus is composed of cervica-
lis, capitis and thoracis. Unlike the literature
studies, the fibers of the rhomboideus capi-
tis and rhomboideus cervicis are complete-
ly separate in their insertion on the scapula
(Dyce et al. 2018; Hudson et al. 2011; Julik
et al. 2012). Also, in grison there are cervi-
cis, thoracis, capitis and profundus divisions
with the cervical division being the largest
(Ercoli et al. 2014). In American marten,
this muscle is made up of cervicalis, capi-
tis and profundus (deep part) (Leach, 1977).
However, due to attachments of the muscle
in grison and American marten, the deep
part is equipollent of rhomboideus atlantis.

Our case showed that latissimus dorsi is
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an integrated muscle which originates from
the spines of the 9th to 13th thoracic verte-
brae (Fig. 1). While in American marten and
ocelot this muscle originates from the spines
of the 4th to 10th and 7th to 9th thoracic
vertebrae respectively and divides near its
insertion point into a dorsal and ventral part
(Leach, 1977; Julik et al. 2012).

Concerning the pectoral muscle, this
study showed that the muscle can be divid-
ed into four well-developed heads and P. as-
cending has two separated deep and super-
ficial divisions itself (Fig. 6 and 7). These
results correspond to a study done by Leach
in 1977, however, with the difference that
in American marten, two bellies of pecto-
ral ascending are fused at their insertion. In
other carnivores, pectoral muscle is divided
into three divisions (Evans, 1993).

This research showed that the small-
er scapular portion arises from the length
of the scapular spine, while in ocelot and
American marten this portion originates
from the caudal border of the metacromion
process (Fig. 3 and 4) (Leach, 1977; Julik
et al. 2012). In the other carnivores like
dog, cat, and grison, the scapular is larger
and bulkier and originates from the scapular
spine (Getty, 1975; Ercoli et al., 2014).

The subscapularis muscle in the Iranian
Pine Marten consisted of six muscular bun-
dles which were separated by some deep
notches (Fig. 7). This is in agreement with
previous observations about the dog, cat,
cheetah, and grison (Dyce et al. 2018; Julik
et al. 2012; Ercoli et al., 2014). However,
this feature has not been reported in Ameri-
can marten (Leach, 1977).

The present work also reported that
coracobrachialis is an integrated muscle
which, compared to the size of the animal, is
a relatively large muscle (Fig. 8). However,
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a similar study on American marten showed
that coracobrachialis is a small muscle and
consists of two bellies: a short belly inserts
on the humerus at a point caudodorsal to the
teres major tuberosity and the main belly
passes distally to insert on the medial sur-
face of the humerus just proximal to the su-
pracondyloid foramen. (Leach, 1977).

This research reported that tensor fascia
antebrachii has two divisions which arise
from the caudal angle of scapula and fascia
on the latissimus dorsi respectively (Fig. §).
This is similar to the observations in study
of leach in 1977 and differs from other car-
nivores. In other carnivores, this muscle
is originated from latissimus dorsi muscle
individually. (Dyce et al. 2018). Also, Er-
coli et al. in 2014 reported that this muscle
is absent or modified in grison because no
belly originating from the latissimus dorsi
reaches the olecranon. It seems due to at-
tachments of the muscle in grison, angular
part of triceps brachii is equipollent of ten-
sor fascia antebrachii.

Our study showed that triceps brachii pos-
sesses four well-developed heads of origin:
a long, a lateral, a medial and an additional
accessory head (Fig. 7 and 8). This result is
matched with previous observations about
dog and cat, but is different from studies
on ocelot, American marten, and grison.
In these species, the medial head of triceps
brachii has two separated divisions itself
(Dyce et al. 2018; Hudson et al. 2011; Julik
et al. 2012; Ercoli et al. 2014).

This study provided, for the first time, a
detailed description of fore limb muscles
morphology in Iranain Pine Marten. Ac-
cording to our study, it could be conclud-
ed that the extrinsic, shoulder and brachial
muscles of the thoracic limb in the marten
resembles closely that of American marten
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and other carnivores in general. However,
there are also certain differences in origin,
insertion and number of bellies of some
muscles which were detected in the present
study. These results will be useful for com-
parative myological studies of Mustelidae
family and other carnivores. Meanwhile,
further studies with more samples are need-
ed to present clear information for Musteli-
dae family.
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