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Abstract

Background The structure and function of the serratus
anterior muscle are partitioned into three parts. If the
morphological characteristics in each part can be demon-
strated in more detail, the cause of dysfunction will prob-
ably be identifiable more accurately. The purpose of this
study was to demonstrate the details of the structure and
innervation in each part of the serratus anterior muscle.
This macroscopic anatomic study
was conducted using ten sides from five cadavers. The struc-
ture and innervation in each part of this muscle were examined.
Results In the superior part, the independent branch was
divided from a branch innervating the levator scapulae
muscle. In the middle part, the long thoracic nerve des-
cended on one-third of the anterior region between the
origin and insertion. In the inferior part, the long thoracic
nerve which ramified into many branches and branches
from the intercostal nerves were distributed on all sides.
Conclusion This study demonstrated that the innervation
of the serratus anterior muscle was different in each part.
The difference indicates that the superior part has an inti-
mate relation with the levator scapulae muscle while the
middle and inferior parts could be the actual serratus
anterior muscle. Moreover, the distribution of branches
from the intercostal nerves shows that the inferior part has
a connection with some trunk elements. Understanding
these characteristics of innervation is useful to identify
the cause of dysfunction. In addition, we assert that the
constant distribution of branches from the intercostal
nerves is significant for the morphology.
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Introduction

The serratus anterior muscle originates from the first to
ninth rib and is inserted into the superior angle, medial
border and inferior angle of the scapula. This large muscle
is generally partitioned into three parts based on the defi-
nition by Eisler [5]. The superior part originates from the
first and second ribs and is inserted onto the superior angle,
the middle part originates from the second and third ribs
and is inserted onto the medial border, and the inferior part
originates from the ribs inferior to the third rib and is
inserted onto the inferior angle.

The serratus anterior muscle is innervated by the long
thoracic nerve, which is usually composed of the fifth cervical
nerve (C5), C6, C7, and sometimes C8 [5]. Branches from C5
and C6 often pierce the middle scalene muscle [5, 29].

The superior part forms the main axis of rotation, the
middle part draws the scapula forward, the inferior part
rotates upward [6]. If the serratus anterior muscle is
impaired by a disorder of the long thoracic nerve, patients
cannot elevate or reach their upper limb because of what is
called scapular winging. The causes of this condition have
been thought to be various, such as compression by the
middle scalene muscle, the second rib or the fascial sheath,
entrapment in the middle or posterior scalene muscle, and
traction [15, 18, 24]. That is, the disorder of the long tho-
racic nerve is likely to result from various causes. There-
fore, when a physical therapist treats the dysfunction of the
serratus anterior muscle, it is essential to evaluate what
causes are related to its dysfunction. However, little has
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been reported on the arrangement and insertion of muscular
fascicles or the course and distribution of nerves overall and
in detail. If these morphological characteristics can be
demonstrated in each part, physical therapists will be able to
identify the cause of dysfunction more accurately.

The purpose of this study, therefore, is to demonstrate
the details of the structure and innervation in each part of
the serratus anterior muscle.

Materials and methods

The study was carried out on ten sides of five adult Japa-
nese cadavers fixed in 8 % formaldehyde and preserved in
30 % ethanol (average age: 77.8). Four males and one
female were dissected under the stereomicroscope (mag-
nification: 12x, Operation Microscope OLYMPUS OME-
1000, Olympus Optical, Tokyo).

First, the clavicle was cut and the middle scalene, levator
scapulae, rhomboid which includes the rhomboid major and
rhomboid minor muscles, serratus anterior muscles, and
cervical and brachial plexuses were identified. The courses of
the nerves innervating the levator scapulae, rhomboid, and
serratus anterior muscles were examined. Then, the inser-
tions of these three muscles were cut off the scapula. The
upper limb including the scapula was separated from the
thorax, and the arrangement of muscular fascicles of the
serratus anterior muscle was examined. The origin of the
rhomboid muscles was also cut off from the thoracic verte-
brae. As the connective tissues between the serratus anterior
muscle and thoracic wall were carefully removed using
tweezers, the rhomboid and serratus anterior muscles were
reversed laterally. After the branches from the intercostal
nerves were found in the connective tissues, they were
marked by threads, and their segments were identified. Then,
the branches were cut to separate the serratus anterior muscle
from the thoracic wall, so that a mass of these three muscles
and nerves of cervical and brachial plexuses were obtained.

Second, the segments and distribution of the nerves
innervating these three muscles were investigated. On five
sides, the intramuscular distribution of the serratus anterior
muscle was also investigated. The courses and distribution
of the branches from the intercostal nerves were examined.

Results
The structure in each part of the serratus anterior muscle

The origin, insertion, and muscular arrangement in each part
were examined (Fig. 1a). Some muscular fascicles of the
superior part were hanging over the superior angle and were
inserted onto not only the superior angle but also the medial
border (Fig. 1b). The muscular fascicle was bounded by the
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levator scapulae muscle. The middle part originated from the
narrow space of the second and third ribs and was inserted
onto the broad space of the medial border. The middle part
was thinner than the other parts. In one case, the muscular
fascicles were changed into connective tissue (Fig. 1c). In
the inferior part, most of the muscular fascicles were attached
to the inferior angle of scapula. The rest of the muscular
fascicles were adjoined to the rhomboid major muscle
(Fig. 1d). On one side, these muscular fascicles were mixed
with the rhomboid major muscle throughout its tendon.

The serratus anterior muscle was divided into each part with
a small fusion. The superior part overlapped the middle part,
and a part of the middle part was covered by the inferior part.

The innervation of levator scapulae, rhomboid
and serratus anterior muscles

The segments and courses of the nerves innervating three
muscles were examined (Fig. 2). The nerves originating
from C3 and C4 mainly innervated the levator scapulae
muscle. These nerves turned dorsolaterally and entered the
levator scapulac muscle from the lateral surface. The
nerves originating from C4 and C5 mainly innervated the
rhomboid muscles. The nerve from C4 entered the levator
scapulae muscle from the lateral surface, penetrated it and
communicated with the nerve from C5 which passed
behind the levator scapulae muscle, then these nerves
innervated the rhomboid muscles. The serratus anterior
muscle was mainly innervated by the nerves originating
from C5, C6, and C7. The nerve from C4 was related to the
three sides and the nerve from C8 to the five sides.

The innervation in each part of the serratus anterior
muscle

The innervation in each part was examined (Fig. 3). The
nerves innervating the superior part had two different
sources: one was an independent branch not related to the
main trunk of the long thoracic nerve, and the other was the
long thoracic nerve. The independent branch was found on
nine sides. On six sides, the independent branch was
divided from a branch innervating the rhomboid muscles
(Fig. 2a). On one sides, it was divided from a branch
innervating the levator scapulae muscle. On two sides, it
was divided from both branches (Fig. 2b). The independent
branch was related to branches from C4, C5, or C6. Out of
nine sides, the independent branch on eight sides pierced
the middle scalene muscle (Fig. 2b). The long thoracic
nerve ramified into three or four short branches. These
branches turned dorsolaterally and entered the superior part
and the cranial area of the middle part from the lateral
surface. This course was similar to that of the nerves
innervating the levator scapulae muscle (Fig. 2).
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Fig. 1 a Three parts of the
serratus anterior muscle, right
side. b The anterior view of the
superior part. The region of the
white square is magnified. Some
muscular fascicles were hanging
over the superior angle (arrow),
and the insertion expanded to
the medial border (arrowhead).
¢ The lateral view of the
serratus anterior muscle. The
muscular fascicles originating
from the second rib were absent.
Instead, the space was
composed of connective tissue.
d The posterior view of the
inferior part. Most of the
muscular fascicles were
condensed to the inferior angle
(circle), and a part of the
muscular fascicles (asterisk)
was adjoined to the rhomboid
major muscle (arrow).

LS levator scapulae muscle,

LT long thoracic nerve, R rib,
RH rhomboid muscles

In the middle part, the long thoracic nerve descended on
one-third of the anterior region between the origin and
insertion and ramified into a few branches (Fig. 3).

The inferior part was also innervated by the nerve origi-
nating from two sources: one was the long thoracic nerve,
the other was a branch from the intercostal nerve. The long
thoracic nerve ramified into many branches and they were
distributed throughout the inferior part (Fig. 3). The bran-
ches from the intercostal nerves were found on all sides, and
they were mainly composed of the nerve originating from T6
to T8 (Table 1). These branches penetrated the external
intercostal muscles, turned caudally and posterior on the
medial surface of the inferior part, and entered the inferior
part (Fig. 4). On eight sides, the branches composed of one

segment or two segments were distributed (Fig. 5a, b). On
one side, the branches from T3 to T9 were involved (Fig. Sc,
d). On three sides, this branch communicated with a branch
from the long thoracic nerve (Fig. 5e, f).

Discussion

Differences of the characteristics of innervation
in each part

In the superior part, the nerves from two different sources

were distributed throughout: one was an independent branch,
the other was the long thoracic nerve. The independent
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Fig. 2 The segments and courses of the nerves innervating LS, RH,
and the serratus anterior muscle. In the cervical region of the right
side, the nerves to LS (open arrowhead), the nerves to RH and the
nerves to the serratus anterior muscle (arrowhead) are shown. LS was
mainly innervated by the nerves from C3 and C4, RH by the nerves
from C4 and C5, and the serratus anterior muscle by the nerves from
C5 to C7. The nerves distributed to the superior part and cranial area

Fig. 3 The course and
distribution of the nerves
innervating each part of the
serratus anterior muscle. a The
lateral view of the right serratus
anterior muscle. The insertion to
the medial border of the scapula
(open arrowhead) is shown.

b Drawing of the same
specimen as photograph (a).
The superior part; the
independent branch
(arrowhead) which formed a
common trunk (arrow) with the
nerve innervating RH and three
or four short branches from the
long thoracic nerve were
distributed (asterisk). Middle
part LT descended while
ramifying a few branches.
Inferior part LT ramified into
many branches. DS dorsal
scapular nerve

branch is defined as an unrelated branch for the long thoracic
nerve forming the main trunk, a ramified branch before the
main trunk is formed, and a comparatively thick branch [10].
Kato and Sato [10] reported that the superior part was much
closer to the rhomboid muscles because the independent
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of the middle part turned dorsolaterally and entered from the lateral
surface (asterisk). a The independent branch formed a common trunk
(arrow) with the nerve to RH. The nerve from C8 also innervated the
serratus anterior muscle. b The independent branch formed common
trunks (arrow) with not only the nerve to RH but also the branch to
LS. The common trunk between the independent branch and the nerve
to RH pierced MS. MS middle scalene muscle

branch was divided from the branch innervating the rhom-
boid muscles, which indicated the superior part was different
from the middle or inferior part. However, we observed that
the independent branch formed a common trunk with the
branch from C4 innervating the levator scapulae muscle on
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Table 1 Segments of the distributed branches from the intercostal
nerves

Case Right Segments

Left

T3 T4 T5 T6 T7 T8 T9

1 R @)

L (@)
2 R @)

L @)
3 R ©) ©] ©) ©) ©) ©] (@)

L O ©)
4 R (©) ©]

L ©)
5 R O @) @)

L (@) @]

O: the segments of concerned

three sides. This is inconsistent with the report by Kato and
Sato [10]. However, ontogenetically, the levator scapulae
and serratus anterior muscle formed a continuous fibrillated
mass in the 9 mm human embryo [16]. A variant muscle
between the serratus anterior and levator scapulae muscles
was also reported in 32.2 % of the cases [19, 20]. In addition,
phylogenetically, the serratus anterior and levator scapulae
muscles existed earlier than the rhomboid muscles, and these
muscles have been considered to be a continuous muscle
before the prosimian [5, 8, 11, 12]. Moreover, Ribbing [22]
stated that although in reptiles the anterior part of the serratus
magnus originated from the inferior cervical vertebrae, its
origin had gradually transferred to the superior ribs during
the evolutionary process. Thus, judging by both the ontogeny
and phylogeny, we think it is natural that the independent
branch forms the common trunk with the branch innervating

Fig. 4 Distribution of branches
from the intercostal nerves.

a The posterolateral view of the
right thoracic wall. The serratus
anterior muscle is retracted
laterally. These branches
penetrated the external
intercostal muscle (arrow) and
entered the inferior part. b The
medial surface of the obtained
serratus anterior muscle. The
region of the white square is
magnified. Branches turned
caudally and posterior and were
distributed to the inferior part.
The asterisks correspond to
each other in both figures

the levator scapulae muscle. Meanwhile, the long thoracic
nerve ramified into three or four short branches. These
branches turned dorsolaterally and were distributed
throughout the superior part and the cranial area of the
middle part. This was very similar to the innervation of the
levator scapulae muscle. These characteristics of the inde-
pendent branch and the short branches from the long thoracic
nerve lead us to conclude that the superior part of the serratus
anterior muscle has an intimate relation with the levator
scapulae muscle and is an intermediary between the levator
scapulae and the rest of the serratus anterior muscles.

The middle part was thinner than the superior or inferior
part. In one case, the muscular fascicles were even absent.
Bergman [1] also reported the presence of connective tis-
sue instead of muscular fascicles. The long thoracic nerve
descended on the middle part and ramified into compara-
tively fewer branches than the superior or inferior part. The
characteristics of the middle part are obviously different
from that of the superior part. However, this could be
natural, based on the comparative anatomy. Besides pre-
viously mentioned Reptilia, Aves, Monotremata, or
Mammalia such as Chiroptera, Erinaceidae, Leporidae, the
serratus anterior muscle is considered to be composed of
two parts: the cranial part and caudal part [22]. Both parts
move away from each other, namely, the middle part in
humans does not exist. That is to say, based on comparative
anatomy, it could be said that the region corresponding to
the middle part was immature. We suppose that the middle
part could be the beginning part of the actual serratus
anterior muscle which is innervated by the main trunk of
the long thoracic nerve and may be just a connecting part
between the superior part and inferior part.

In the inferior part, we found that the branches from the
intercostal nerves were distributed to the serratus anterior

@ Springer



926

Surg Radiol Anat (2012) 34:921-928

Fig. 5 Variations on the
distribution of branches from
the intercostal nerves. The
medial surface of the obtained
serratus anterior muscle is
shown. The region of the white
square is magnified and drawn,
respectively. a, b Only the
branches from T6 were
distributed. ¢, d Many branches
from T3 to T9 were involved.
e, f The branch communicated
with the long thoracic nerve

muscle on all sides. Kodama [14] also reported that the
branches from the intercostal nerves were distributed to the
serratus anterior muscle or to a variant muscle under the
serratus anterior muscle, however, the frequency was only
17 %. We maintain that the frequency is much higher in
the Japanese cadavers because these branches are con-
stantly distributed to the serratus anterior muscle. More-
over, we suppose that the serratus anterior muscle is
affected by not only the cervical somites but also the
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thoracic somites. The cervical and thoracic elements often
coexist in a structure or region. Kida et al. [13] reported a
case of the serratus posterior superior muscle supplied by
both the intercostal and dorsal scapular nerve. Kasai et al.
[9] stated that although the intercostobrachial nerve was
usually distributed in the brachial region, a part of the
nerve remains on the thoracic wall. In addition, some
reports examined the pectoralis major muscle innervated
by the intercostobrachial nerve [17] or the levator scapulae
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muscle innervated by the posterior branch of the second
cervical nerve [28]. In this study, we showed that the
branches from the intercostal nerves communicated even
with the long thoracic nerve. In other words, the boundary
between the cervical and thoracic region is not clear and
both regions overlap. Moreover, in their developmental
studies, Huang et al. [7] and Shearman [23] found that the
scapular blade and the attaching muscle in chicks did not
originate from somites 13—16, which were related to the
formation of the shoulder girdle, but from the somites
17-24. Valasek et al. [25, 26] demonstrated that the medial
border and a part of the attaching muscles in mice did not
express Met and Pax3; namely, these muscles did not
migrate to become limb muscles. In conclusion, the dis-
tribution of the branches from the intercostal nerves on all
sides leads us to believe that the inferior part of the serratus
anterior muscle has a connection with some trunk elements.

Function of each part based on the structure
and innervation

In the superior part, some muscular fascicles were hanging
over the superior angle of the scapula, and were inserted
onto not only the superior angle but also the medial border.
This characteristic supports the idea that the superior part
plays a role as the anchor [6]. In the inferior part, a part of
the muscular fascicles was connected with the rhomboid
major muscle by tendon. Braus [3] has indicated that this
connection forms a straight structure from the ribs to the
vertebrae which has an effect on respiration or postural
control. We consider that this connection would be an
essential structure affecting the expansibility of the serratus
anterior and rhomboid major muscles for the upper rotation
of the scapula.

Recent studies on the innervation have shown the seg-
ments, division, length, and diameter of the long thoracic
nerve [2, 27, 29, 30]. However, the characteristics of each
part have not been previously mentioned. In this study, we
demonstrated that each part of the serratus anterior muscle
has its own characteristic in terms of innervation. From
these characteristics, the superior part has an intimate
relation with the levator scapulae muscle. The levator
scapulae muscle is generally considered to be antagonistic
to the serratus anterior muscle because it functions for
lower rotation of the scapula. However, we suggest that
only the superior part can act to coordinate with the levator
scapulae. In the middle part, the long thoracic nerve des-
cends with comparatively fewer branches, while in the
inferior part, the nerve ramifies into many branches. This
characteristic provides evidence that upper rotation of the
scapula by the inferior part is much stronger than the for-
ward draw by the middle part. We think that understanding

these characteristics of innervation in each part is useful to
identify the cause of dysfunction.

In addition, the serratus anterior muscle has been con-
sidered to play a role as an accessory muscle of respiration
[21]. However, recently Cannon et al. [4] have concluded
that the serratus anterior muscle shows little muscular
effort in respiration. These views are inconsistent with each
other. Considering that the inferior part is constantly
innervated by the branches from the intercostal nerves, the
serratus anterior muscle has the potential to cooperate with
other respiratory muscles to help ventilation. However, this
function is not clear because a histological study has not
been conducted to prove whether the branch is a motor or
sensory neuron. In the future, additional study is needed to
prove the function of the branch from the intercostal nerve
distributed to the serratus anterior muscle.

Conclusion

The structure and function of the serratus anterior muscle
have been partitioned into three parts based on its origin
and insertion. This study showed that the innervation was
also different in each part. Understanding the characteris-
tics of the innervation in each part is useful to identify the
cause of dysfunction. In addition, we found that the ser-
ratus anterior muscle was innervated by the branches from
the intercostal nerves on all sides. We assert that this fact is
very significant for morphology of the serratus anterior
muscle. In the future, additional study is needed to prove
the function of the branch from the intercostal nerve dis-
tributed to the serratus anterior muscle.
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