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Abstract: At present, there is no photographic evidence of splitting of the trapezius and sternocleidomastoid muscles (SCMs),
which share a common anlage that extends caudally toward the limb bud in the embryo at a length of 9 mm. Therefore, the
aim of the present study was to identify which structures divide the caudal end of the common anlage at the first sign of
splitting into two muscles. In 11 mm-long specimens, the SCM and trapezius muscles were identified as a single mesenchymal
condensation. In 15 and 18 mm-long specimens, the SCM and trapezius muscles were separated and extended posteriorly and
lymphatic tissues appeared in a primitive lateral cervical space surrounded by the SCM (anterior). In 21 mm-long specimens,
the lymphatic vessels were dilated and the accompanying afferents were forming connections with the subcutaneous tissue
through a space between the SCM and trapezius muscles. In 27 mm-long specimens, cutaneous lymphatic vessels were
evident and had entered the deep tissue between the SCM and trapezius muscles. Vascular dilation may be viewed as a result

of less mechanical stress or pressure after muscle splitting.
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Introduction

The trapezius and sternocleidomastoid muscles (SCMs),
which are also referred to as the trapezius—-SCM system [1],
share a common anlage and are the main muscles inner-
vated by the accessory nerve in the mammalian neck [2]. In
mice, the endochondral medial part of the clavicle and part
of the sternum originate from the postotic neural crest [3].
Moreover, the myotubes of the trapezius and SCM muscles
do not originate from the somite, but rather the lateral plate
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mesoderm [3, 4], in contrast to other skeletal muscles. Split-
ting of the trapezius and SCM occurs at the caudal part of
the common anlage, which extends caudally toward the limb
bud when the embryo is about 9 mm in length [5]. Likewise,
a recent study using a three-dimensional reconstruction
technique demonstrated splitting of the trapezius and SCM
at the caudal end of the common anlage at embryonic day 41
[6]. However, in spite of extensive research, there is no photo-
graphic evidence of the splitting of these muscles. Therefore,
there is lack of information regarding the topographical
anatomy during splitting of the trapezius and SCM muscles.
Also, it remains unclear as to whether the developing clavicle
and scapula enhance the separation between the trapezius
and SCM muscles, and whether caudal extension of the tra-
pezius below the shoulder occurs after splitting. Hence, the
aim of the present study was to identify which structures di-
vide the caudal end of the common anlage when splitting of
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the trapezius and SCM occurs.

Materials and Methods

The study protocol was approved by the Ethics Com-
mittee of the Complutense University of Madrid (approval
no. B08/374) and conducted in accordance with the ethical
principles described in the Declaration of Helsinki (as re-
vised in Edinburgh 2000). A total of 19 embryos and fetuses
at gestational week 6 to 7 (crown-rump length of 15-27 mm)
were obtained following miscarriages and ectopic pregnan-
cies managed at the Department of Obstetrics, Complutense
University of Madrid (Madrid, Spain). Serial horizontal and
sagittal sections of the fetal heads were stained with hema-
toxylin and eosin, Masson trichrome, or Azan trichrome
according to our recent research methods [7-9]. After exami-
nation, the stained sections were donated to the collection
maintained by the Institute of Embryology, Complutense
University of Madrid. During observations, we paid special
attention to which structures existed at and around the split-

Kwang Ho Cho, et al

ting site of the SCM and trapezius muscles.

Results

At Carnegie stage (CS) 16 (6 weeks of development [WD]),
the SCM and trapezius muscles were identified as a single
mesenchymal condensation (Fig. 1A-C), located at the lateral
side of the inferior vagal ganglion (the nodose ganglion) and
showed indications of division into the two muscles at the
inferior end (Fig. 1D). The accessory nerve which pass lateral
to the inferior vagal ganglion entered into a single mesenchy-
mal condensation of the SCM and the trapezius (Fig. 1B, C).
Another mesenchymal condensation, a candidate digastricus
posterior belly, was located anterior to the upper part of the
SCM-trapezius complex (Fig. 1B, C). The posterior cervi-
cal muscles (intrinsic back muscles) had not yet divided and
were identified together as a single mass.

At CS 18 (7 WD) and CS 20 (8 WD), the SCM and trape-
zius muscles were separated and extended posteriorly, but
connected by a fascia in the upper half. At the inferior half,

pG3 TZ+SCM

PG2 PG3 SCM Tz

Fig. 1. A single mesenchymal condensation of the SCM and trapezius muscles. CS 16 (6 WD) human embryo (maximum length, 11 mm).
Horizontal sections stained with H&E. (A or D) is the most cranial (or caudal) level of the figure. The SCM and trapezius muscles were
identified as a single mesenchymal condensation (A-C) located at the lateral side of the nodose ganglion, which started dividing into the

two muscles at the inferior end (D). CS, Carnegic stage; D, digastric muscle; IJV, internal jugular vein; IVG: inferior vagal ganglion; IX,

glossopharyngeal nerve; NC, notochord; PCM, posterior cervical muscles; PG2, second pharyngeal groove; PG3, third pharyngeal groove; PP4,

forth pharyngeal pouch; PTH4, parathyroid IV; PX, pharyux; R, Reichert’s cartilage (second pharyngeal cartilage); SCM, sternocleidomastoid

muscle; TZ, trapezius muscle; VII, facial nerve; XI, accessory nerve; WD, weeks of development.
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the two muscles were identified as the anterior and posterior
muscle masses, respectively (Figs. 2B, C, 3B, C). The accesso-
ry nerve which ran with the lymphatic vessels innervated the
SCM (Fig. 3D). The posterior belly of the digastricus muscle
was located between the second pharyngeal cartilage (the
Reichert’s cartilage) and the SCM (Figs. 2C, D, 3). Although
in close proximity, the digastricus muscle was not attached to
the SCM (Fig. 3A, B). Lymphatic tissues appeared in a primi-
tive lateral cervical space surrounded by the SCM (anterior),
splenius (posterior), internal jugular vein (medial), and tra-
pezius (lateral). The efferent lymphatic vessels ran along the
internal jugular vein toward the level of the clavicle (Fig. 2D).
In 21 mm-long specimens, the lymphatic vessels were dilated
and the associated afferents were forming connections with
the subcutaneous tissue through a space between the SCM
and trapezius muscles (Fig. 4D). Finally, along the cranial
half of the trapezius and SCM in which these muscles were
still fused, the splenius increased in thickness and area (Figs.
2B, 3B, 4C).

In 27 mm-long specimens, depending on the upper growth
of the digastricus muscle, the splenius muscle was sandwiched
between the digastricus and SCM muscles (Fig. 5A, B). The
splenius increased so greatly in area that the muscle sheet
appeared wavy along the trapezius and SCM. The upper pos-
terior end of the SCM muscle was attached to the splenius
muscle, with the latter extending anterolaterally to create a
convex-like appearance. The trapezius extended more poste-
riorly than in the earlier stages of development and provided
a large space in front of the SCM muscle (Fig. 5A, B). Cutane-
ous lymphatic vessels were evident and had entered the deep
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tissue between the SCM and trapezius muscles (Fig. 5D).
Until 7 weeks, the clavicle and scapula occupied almost one-
thirds of the anteroposterior length of the base of the neck,
while the humerus (especially of the head) occupied an-
other one-thirds. During 8 weeks, these cartilage structures
reached a length almost same as the left-right length of the
base of the neck.

Discussion

The results of the present study found that splitting of the
trapezius and SCM muscles started from the superior part of
the common anlage and extended inferiorly. Initial splitting
seemed to correspond to the level of the inferior vagal gan-
glion (the nodose ganglion) of the vagus nerve and the infe-
rior end of the styloid process or the cranial half of Reichert’s
cartilage. Thus, near the mastoid process, the trapezius and
SCM muscles were still combined at 6-7 weeks, while the
cartilaginous mastoid portion of the temporal bone was es-
tablished much later [10]. The SCM and trapezius muscles
started to divide in 11 mm-long specimens and the separa-
tion was almost complete in 13-15 mm-long specimens (5
weeks). Notably, the posterior belly of the digastricus muscle
was located closely to the SCM muscle or the common an-
lage of the trapezius and SCM muscles. The antero-inferior
shift of the digastricus muscle due to formation of the inter-
mediate tendon [11] seemed to drive separation of the SCM
and trapezius muscles. Thus, bone formation at the muscle
attachment can be affected by the mechanical load from the
tendon [12-14]. However, the major driver underlying this

gt

Fig. 2. Differentiation of a single mesenchymal condensation into individual muscles D. CS 18 (6 WD) human embryo (maximum length,
15 mm). Sagittal sections were stained with H&E. (A or D) is the most lateral (medial) side of the figure. The SCM and trapezius muscles
were separated and extended posteriorly, but were connected by a fascia in the upper half (A), while the inferior halves of the two muscles were

identified as the anterior and posterior muscle masses, respectively (B, C). The digastricus posterior belly is located between R and the SCM (C,

D). CL, clavicle; CS, Carnegie stage; D, digastric muscle; E, external acoustic meatus; I, incus; IJV, internal jugular vein; L, lymphatic vessels; M,

mallevs; MK, Meckel’s cartilage (first pharyngeal cartilage); OC, Otic capsule; R, Reichert’s cartilage (second pharyngeal cartilage); S, stapes;

SC, splenius capitis muscle; SCM, sternocleidomastoid muscle; T, temporalis; TZ, trapezius muscle; WD, weeks of development.
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Fig. 3. Differentiation of a single mesenchymal condensation into individual muscles @. CS 20 (8 WD) human embryo (maximum length, 18
mm). Horizontal sections were stained with H&E. (A or D) is the most cranial (caudal) side of the figure. (a, b) is a high magnification view of
the square in (A, B). The SCM and trapezius muscles were separated and extended posteriorly, but connected by a fascia in the upper half. The
inferior halves of the two muscles were identified as the anterior and posterior muscle masses, respectively (A-C). The digastricus posterior
belly is located between Reichert’s cartilage and the SCM (A-D). The digastricus muscle is close, but not attached, to the SCM (a, b). CCA,
common carotid artery; CS, Carnegie stage; D, digastric muscle; E, external acoustic meatus; IJV, internal jugular vein; IX, glossopharyngeal
nerve; L, lymphatic vessels; LC, longissimus capitis; R, Reichert’s cartilage (second pharyngeal cartilage); SC, splenius capitis muscle; SCM,
sternocleidomastoid muscle; SSC, semispinalis cervicis; TZ, trapezius muscle; WD, weeks of development; X, vagus nerve; VA, vertebral artery;
VII, facial nerve.

Fig. 4. Lymphatic vessels forming connections with the subcutancous tissue. CS 20 (8 WD) human embryo (maximum length, 21 mm).
Horizontal sections. (A or D) is the most cranial (caudal) side of the figure. The SCM and T extended more posteriorly than in the carlier stages
(A-D). The L were dilated and the accompanying afferents formed connections with the subcutaneous tissue through a space between the SCM
and TZ (D, arrow heads). CS, Carnegic stage; D, digastric muscle; IJV, internal jugular vein; L, lymphatic vessels; LC, longissimus capitis; SC,
splenius capitis muscle; SCM, sternocleidomastoid muscle; SSC, semispinalis cervicis; TZ, trapezius muscle; WD, weeks of development; X,
vagus nerve.

separation seemed to be the developing clavicle. Likewise,
the developing scapula and the head of the humerus seemed
to provide a posterolateral traction to the common anlage
or trapezius muscle. In addition, we noted a rapid increase
in thickness and area of the splenius along the deep aspect
of the trapezius and SCM: the rapid growth might accelerate
splitting of the latter two muscles especially at the upper part
(Fig. 6).

It is well known that the lesser or smaller occipital nerve
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sometimes or often penetrates the anterior part of the tra-
pezius muscle. According to Fujita [1], the timing and dis-
crepancy between nerve growth and muscle splitting likely
causes the perforating course of the nerve. The course of the
lesser occipital nerve acutely changes after perforation [1].
When the nerve passes through the common muscle anlage
before or during splitting, the nerve might be pulled more
posteriorly than the target area after establishment of the an-
terior margin of the trapezius muscle.
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Fig. 5. The upper posterior end of the SCM connecting the splenius capitis muscle. CS 23 (8 WD) human embryo (maximum length, 27 mm).

Horizontal sections. (A or D) is the most cranial (caudal) side of the figure. Depending on the upper growth of the digastricus muscle, the

splenius muscle was sandwiched between the digastricus and SCM muscles (A, B). The upper posterior end of the SCM was attached to the

splenius muscle (A, B, oval). Cutancous lymphatic vessels had entered the deep tissue between the SCM and trapezius muscles (D, arrow heads).

CS, Carnegie stage; D, digastric muscle; IJV, internal jugular vein; LC, longissimus capitis; R, Reichert’s cartilage (second pharyngeal cartilage);

SC, splenius capitis muscle; S , sternocleidomastoid muscle; SSC, semispinalis cervicis; , trapezius muscle; , weeks of development.
SC, spl p le; SCM, sternocleidomastoid muscle; SSC, semispinal TZ, trap le; WD, weeks of development

The embryonic lymphatic vessels were dilated in a loose
space between the trapezius and SCM muscles, which may
have been a result of less mechanical stress or pressure after
splitting of the muscles. Conversely, because the embryonic
lymphatic vessels are thin and weak, vascular dilation was
unlikely to cause or facilitate splitting of the muscles. At this
site, corresponding to the lateral or occipital triangle of the
adult neck, the lymphatic vessels are usually well developed
even in mid-term fetuses [15]. Moreover, the fetal occipital
triangle is a major drainage route from the so-called nuchal
translucency (a pathologic or nonpathologic accumulation of
great amount of lymphatic fluid in the nuchal subcutaneous
tissue) to the venous angle [16]. Pathologically severe nuchal
translucency is due to the genetic background and accom-
panies morphological abnormalities [17]. However, nuchal
translucency usually occurs at gestational week 12-16, rather
than the embryonic stages, during which the trapezius and
SCM are separating [16]. Likewise, the external jugular vein
forms a drainage route to the internal jugular or subclavian

27 mm

18 mm

SC

Vil

Fig. 6. Schematic representations of the muscle splitting. Growing
of the splenius capitis muscle might allow a single mesenchymal
condensation of the SCM and trapezius muscles to divide. D, digastric
muscle; L, lymphatic vessels; R, Reichert’s cartilage (second pharyngeal
cartilage); SC, splenius capitis muscle; SCM, sternocleidomastoid
muscle; TZ, trapezius muscle; VII, facial nerve.

vein through a loose space between the trapezius and SCM
muscles, which also seemed to be a result of splitting.
Consequently, the SCM inserting to the clavicle and the
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trapezius attaching to the scapula were divided soon after de-
velopment of the upper limb depending on early growth and
lateral shift of these cartilage structures. However, the grow-
ing digastricus and splenius might accelerate a cranial exten-
sion of the muscle splitting (Fig. 6). The splitting allowed a
great increase of lymphatic vessels that rescues pathological
nuchal lymph edema.
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