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Abstract When making a sternocleidomastoid (SCM)
osteomuscular flap to include the clavicle and deter-
mining the rotation arc of the osteomuscular flap, it is
very important to know the location and the origin of
the superior thyroid artery and the distribution pattern
of the SCM branch. Accordingly, in this study, the 50
SCM muscles and their arteries were dissected in 26
Korean cadavers, and the results were analyzed. The
average distances from the origin of the superior thyroid
artery to the clavicular and sternal heads of the SCM
muscle were 87.6 mm (57.7-123.8 mm) and 131.2 mm
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(99.7-166.8 mm), respectively. The average distance
from the origin of the superior thyroid artery to the
SCM branch entering the SCM muscle was 30.1 mm
(16.0-37.7 mm). After entering the SCM muscle, the
SCM branches of the superior thyroid artery bifurcated
into the clavicular and sternal branches at a point lo-
cated an average of 58.8 mm (28.4-130.4 mm) above the
clavicle. The distribution patterns of the superior thy-
roid artery were classified into six types based on the
branching order and the dual supplies to the SCM
muscle. Among them, type I in which the laryngeal
branch first divided from the superior thyroid artery was
the most common case (36%).

Keywords Sternocleidomastoid muscle - Osteomuscular
flap - Superior thyroid artery - Anatomy

Introduction

Understanding the anatomy of the arteries that are
distributed to the sternocleidomastoid (SCM) muscle,
the clavicle and the thyroid gland is necessary not only
because this muscle can be used as a pedicle for flaps,
such as osteomuscular flaps, but also because it is in-
volved in other types of head and neck surgical proce-
dures such as orofacial and oromaxillofacial surgery.
The SCM musculocutaneous flap was first introduced by
Jianu [11] as a treatment for facial paralysis, but it has
subsequently been used for a variety of different pur-
poses such as the reconstruction of the trachea or eso-
phagopharyngeal fistula [6-8, 22], ensuring the
continuity of the trachea after a tracheotomy [13], in-
traoral reconstruction that includes the floor of the
mouth [2, 3, 20], mandible reconstruction [5] and the
repair of large defects after parotidectomy [4, 12, 14, 23].
Although the SCM osteomuscular flap has many
advantages with its long rotational arc, its use is limited
by the variations in the course and distribution pattern
of the artery supplying the SCM muscle. Mathes and
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Eshima [18] noted that the results of the SCM osteo-
muscular flap are not always satisfactory, with 20% of
their surgical procedures being unsuccessful, and the
proportion of postoperative complications reaching
30%. Yugueros and Woods [24] concluded that the
infrequent use of this flap was due not only to the fre-
quent complications but also to the limited rotation arc
when the two blood vessels are preserved. Moreover,
Larson and Goepfert [15] stated that too much tension
on the flap might be the cause of failure of flap surgery
because the rotation arc may be limited not only by the
superior thyroid artery but also by the accessory nerve.
These results indicate the necessity of knowing the pre-
cise course and branching pattern of the arteries sup-
plying the SCM muscle. Although there are many
studies on the practical importance of the SCM osteo-
muscular flap, the anatomy of the blood supply of the
SCM, its distribution pattern within the SCM and the
flap length, which determines the length of the rotation
arc, have not been examined in detail.

This study examined the branching pattern of the
superior thyroid artery supplying the SCM muscle and
the clavicle, and evaluated the rotation arc for a man-
dibular reconstruction, with the aim of providing
essential information for oral and maxillofacial surgery.

Materials and methods

Fifty sides from 26 Korean adult cadavers (24 bilateral
specimens and two unilateral specimens) were carefully
dissected. Thirty-three sides of the specimens were males
and 17 were females (average age 58 years, range 17—
93 years).

The skin overlying the neck, the superficial layer of
the cervical fascia and the platysma were removed to
expose the SCM muscle. The superior thyroid artery,
which is the first branch of the external carotid artery,
was dissected. The SCM branch, the thyroid branch and
the superior laryngeal branch of the superior thyroid
artery were found at the medial margin of the SCM
muscle. In order to determine the distribution pattern of
the SCM branch of the superior thyroid artery, the SCM

branch was dissected in detail by retracting the SCM
muscle.

The topographic course of the superior thyroid artery
was investigated by measuring the following six dis-
tances using digital calipers (Fig. 1).

1. The distance from the origin of the superior thyroid
artery to the anterior margin of the SCM, parallel to
the sagittal plane.

2. The distance from the origin of the superior thyroid
artery to its point of division into the SCM branch
and the thyroid branch.

3. The distance from the origin of the superior thyroid
artery to the point where the SCM branch enters the
SCM.

4. The distance from the origin of the superior thyroid
artery to the origin of the clavicular head of the SCM.

5. The distance from the origin of the superior thyroid
artery to the origin of the sternal head of the SCM.

6. The distance from the point of division of the SCM
branch into the clavicular branch and the sternal
branch in SCM to the clavicle. The distribution pat-
terns of the superior thyroid artery were classified
into six categories according to the branching order
of the superior laryngeal branch, the thyroid branch
and the SCM branch (Fig. 2).

Results

Among the branches of the external carotid artery, the
major branches supplying the SCM muscle were the
occipital and the superior thyroid arteries. The SCM
branch of the occipital artery entered the SCM muscle at
its superior and posterior portions, and supplied the
upper half of the muscle. The SCM branch of the
superior thyroid artery entered at the middle portion of
the medial margin of the SCM muscle and ran down to
the periosteum of the clavicle. This branch supplied the
lower half of the SCM muscle. The branch of the thy-
rocervical trunk was found distributed to the lower
portion of the SCM muscle, but its diameter was quite
small.

Fig. 1 Measurements of the superior thyroid artery. The explanations about the number of this figure are described in the text. SCM

sternocleidomastoid muscle, 7" trapezius muscle



Fig. 2 The branching patterns 1A EA

of the superior thyroid artery.
CA common carotid artery,
EA external carotid artery,
1A internal carotid artery,

S sternocleidomastoid branch

of superior thyroid artery, CA
T thyroid branch of superior
thyroid artery, L laryngeal
branch of superior thyroid s
artery Type I
S
S
Type IV

The distances from the origin of the superior thyroid
artery to the three points—anterior margin of the SCM,
the point where the artery bifurcates into the SCM
branch and the thyroid branch and the point where the
SCM branch enters the SCM muscle—were 34.4, 20.6
and 30.1 mm, respectively (Table 1; Fig. 3). The dis-
tances from the origin of the superior thyroid artery to
the origin of the clavicular and sternal heads of the SCM
muscle were 87.6 and 131.2 mm, respectively. The point
where the SCM branch bifurcated into the clavicular
and sternal branches was 58.8 mm above the clavicle
(Table 1). The clavicular branch continued to the clav-
icle to form a periosteal branch that supplied the peri-
osteum of the clavicle (Figs. 4, 5). Most of the SCM
branches of the superior thyroid artery entered the
muscle through only one branch (60%), with the inci-

Table 1 Distance (in millimeters) between the origin of the superior
thyroid artery and the branching points of its branches

Items Average

Distance from the origin of the superior thyroid 35.5+9.9
artery to the anterior margin of the SCM

Distance from the origin of the superior thyroid
artery to the point of division into the SCM
branch and the thyroid branch

Distance from the origin of the superior
thyroid artery to the point of the SCM
branch entering the SCM

Distance from the origin of the superior
thyroid artery to the origin of the clavicular
head of the SCM

Distance from the origin of the superior
thyroid artery to the origin of the sternal
head of the SCM

Distance from the point of division of the SCM
branch into the clavicular branch and the
sternal branch in the SCM to the clavicle

20.6+9.9

30.1£6.0

87.6+16.7

131.2+15.4

58.8+20.3

N}

L
T s e
Type 11 Type 111

s S s
Type V Type VI

dences of two and three branches entering the muscle
being 34 and 6%, respectively.

The superior thyroid artery was classified into six
categories based on the branching patterns. In 18 cases
(type I, 36%), the superior laryngeal branch was divided
first, followed by the SCM branch and the thyroid
branch. In eight cases (type II, 16%), the three branches
were divided at one point. Five cases (10%) were ob-
served as type III, where the SCM branch was divided
first from the superior thyroid artery, followed by the
superior laryngeal branch and the thyroid branch. In six
cases (type IV, 12%), the SCM branch was divided at
two points above and below the superior laryngeal

Fig. 3 Measurements of the superior thyroid artery. The explana-
tions regarding the number are described in the Materials and
methods section. SCM sternocleidomastoid muscle
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Fig. 4 Sternocleidomastoid branch (SCM br) of the superior
thyroid artery. ¢/ clavicular head of sternocleidomastoid muscle,
st sternal head of sternocleidomastoid muscle

branch. In seven cases (type V, 14%), the SCM branch
was divided directly from the external carotid artery. Six
cases (type VI, 12%) showed that the SCM branch was
divided directly from both the external carotid artery
and the superior thyroid artery (Fig. 6).

Discussion

The major complications of an SCM osteomuscular flap
are ischemia, partial necrosis and fistula formation,
which are attributed to the pre-operative radiation
therapy or an incomplete blood supply to the flap [10,
18]. Therefore, preserving the blood vessels in the SCM
osteomuscular flap is one of the most important meth-
ods for minimizing the number of complications and
successfully preparing for surgery.

Fig. 5 The distribution of
sternocleidomastoid branch
(SCM br) of the superior
thyroid artery. ¢/ clavicular
head of sternocleidomastoid
muscle, st sternal head of
sternocleidomastoid muscle,
OH omohyoid muscle

The SCM branch of the occipital artery is usually the
largest and plays a major role in supplying blood to the
SCM [9]. Also, the branches of the posterior auricular
artery, superior thyroid artery and thyrocervical trunk
are known as the other three minor arteries supplying the
SCM [2, 10, 16, 17]. Therefore, the SCM was classified as
a type II muscle [19]. Froes et al. [9] reported that the
SCM branch of the occipital artery supplied the upper
two-thirds of the SCM in 43.3% of cases, the upper five-
sixths in 36.6% of cases and the upper half in only 20%
of cases. However, in the Korean specimens investigated
in the present study, the superior thyroid artery entered
the SCM at the height of the middle part of the muscle
and supplied the lower half of the SCM, while its upper
half was supplied by the branch of the occipital artery. In
many cases, the occipital artery and the superior thyroid
artery were anastomosed, and the area supplied by the
superior thyroid artery could be misinterpreted as the
area supplied by the occipital artery.

In contrast, the surgical planning of an SCM osteo-
muscular flap should be limited in cases where two
arteries are supplied to the SCM separately without
anastomosis. The SCM muscle could become necrotic if
the superior thyroid artery is cut since it supplies the
lower half of the muscle.

According to the branching pattern of the branch of
the superior thyroid artery, type I (36%) has many
advantages such as minimal limitations of the rotational
arc and a better possibility of preserving the superior
laryngeal and thyroid branches of the superior thyroid
artery in flap surgery. In contrast, it would be difficult to
preserve the superior laryngeal and thyroid branches of
the superior thyroid artery in type III cases (10%). In
cases where the SCM branches directly divide from the
external carotid artery (type V and type VI; 26%), the
superior laryngeal and thyroid branches do not affect
the rotational arc in the SCM osteomuscular flap sur-
gery, including the clavicle.

The distance from the origin of the superior thyroid
artery to the SCM muscle is important in the construc-
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Fig. 6 The branching patterns of the superior thyroid artery. SCM
sternocleidomastoid muscle, OH omohyoid muscle, S sternoclei-
domastoid branch of superior thyroid artery, T thyroid branch of
superior thyroid artery, L laryngeal branch of superior thyroid
artery

tion of an osteomuscular flap because of its possible
limitation in the length when the muscle is rotated or
flipped over. In this study, the most important mea-
surement was the distance from the origin of the supe-
rior thyroid artery to the point where the SCM branch
enters the SCM. As the distance increased, it became
easier to relocate the flap. This length was 30.1 mm, and
was long enough to relocate the osteomuscular flap.

In order to recover a defect of the neck after SCM
osteomuscular flap surgery, Siemssen et al. [21] sug-
gested a method using only the clavicular head of the
SCM, leaving the sternal head of the SCM intact.
Moreover, Alvarez et al. [1] reported that the method
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using only one head of the SCM has many advantages
in preventing a neck deformity in cases of a benign
tumor in the face and neck. If the dividing point of the
SCM branch of the superior thyroid artery into the
clavicular and sternal branches is located lower in the
SCM, the rotational arc for osteomuscular flap surgery
might be limited. Likewise, the use of the clavicular
head or the sternal head for flap surgery could be
easily carried out, if the dividing point is located
higher. The distance of the dividing point through
which the SCM branch of the superior thyroid artery
runs into the SCM is an important factor. The mean
distance from the bifurcation point of the SCM branch
into the clavicular branch and the sternal branch to
the clavicle was 58.7 mm. This length was sufficient to
rotate the only clavicular head of the SCM and the
clavicle towards the mandible. However, if this point is
located too close to the clavicle, as was found in a few
cases in this study, the rotation of the flap with one
head might be difficult to perform.

In conclusion, the superior thyroid artery that sup-
plies the SCM lower half should be preserved in order to
minimize the number of complications after SCM flap
surgery. It is believed that a study on the distribution
and branching pattern of the branches of the superior
thyroid artery will provide useful information for clini-
cal applications in the fields of oral and maxillofacial
flap surgery and an alternative option to bone free flaps
(fibula, iliac crest, scapula), when such microsurgical
transfers should not be performed for local or general
disfavorable reasons.
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