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Abstract

chest wall lesions and tumors.

Over the recent years, an increased alertness for thorough knowledge of anatomical variants with clinical
significance has been recorded in order to minimize the risks of surgical complications. We report a rare case of
bilateral strap-like sternalis muscle of the anterior chest wall in a female cadaver. Its presence may evoke alterations
in the electrocardiogram or confuse a routine mammography. The incidental finding of a sternalis muscle in
mammography, CT, and MRI studies must be documented in a patient’s medical records as it can be used as a
pedicle flap or flap microvascular anastomosis during reconstructive surgery of the anterior chest wall, head and
neck, and breast. Moreover, its presence may be misdiagnosed as a wide range of benign and malignant anterior

Background
The sternalis muscle is an anatomical variant of the
anterior thoracic region musculature well documented
and familiar to anatomists but quite unknown among
clinicians and radiologists [1]. It lies superficially and
perpendicular to the pectoralis major muscle and paral-
lel to the sternum. Many more terms have been used in
the literature to describe sternalis muscle such as “para-
sternalis” and “rectus sterni” muscle [2,3]. The muscle
usually arises from the upper sternum and the infracla-
vicular region and can display variable insertion points
such as the pectoral fascia, lower ribs, costal cartilages,
rectus abdominis muscle sheath or the abdominal exter-
nal oblique muscle aponeurosis [4,5]. However, there is
a great variation in height (4.8+£1.97 cm), width (15.1
+6.84 mm), and thickness (3£0.91 mm) [6]. Its presence
ranges from a few short fibers to a well-formed muscle,
found unilaterally or bilaterally. Variation also exists in
the reported incidence among different populations ran-
ging from 1% in Taiwanese to 18.2% in North Chinese
[7,8]. According to Scott-Corner et al, it is more usual
in females (8.7%) than in males (6.4%) [9].

The early detection of its presence is critical in regular
mammogram screening in order to avoid possible
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differential diagnostic dilemma. Additionally, there are
potential surgical benefits, as it can be used as a flap in
reconstruction surgery of the head and neck, anterior
chest wall, and breast. We describe a rare observation of
a bilateral sternalis muscle in a female cadaver, and we
discuss about the muscle’s possible embryological origin,
innervation, and clinical significance.

Case presentation

During an educational thoracoabdominal dissection of a
female formalin-fixed cadaver, a long well defined verti-
cal muscle was encountered on each hemithorax. Both
muscles were strap-like, flattened, located parallel to the
sternum in a paramedian position, and lying superficial
to the pectoralis major muscle and the pectoral fascia
(Figure 1). Specifically, on the right hemithorax, the
muscle tendon arose from the sternal origin of the right
sternocleidomastoid muscle, and the upper segment of
the pectoralis major. The muscle fibers passed down-
wards in a convex-shaped course and terminated at the
right sternocostal arch and onto the right external obli-
que muscle aponeurosis. On the left side, a bicipital
sternalis muscle was observed and although its tendon
arose in identical pattern as in the right side, at the level
of the sternal angle it split into a medial (wide) and a
lateral (narrow) bundle. The muscle gradually inserted
onto the left 10™-12™ costal cartilages and costochon-
dral junctions and terminated on the left sternocostal
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Figure 1 Bilateral strap-like sternalis muscle (SM) in a female
cadaver. The muscle arises from the tendon of the sternal origin of
the sternocleidomastoid muscle (St) and the upper segment of the
pectoralis major on each corresponding hemithorax. On the right
side, it runs in convex course and terminates at the right
sternocostal arch and onto the right external oblique muscle
aponeurosis. While on the left, the muscle split into two bellies
(arrows) and is inserted onto the left 101-12" costal cartilages and
costochondral junctions and terminates on the left sternocostal
arch. PM: pectoralis major.

arch. The schematic representation of the findings can
be seen in Figure 2.

According to a classification described by Jelev et al,
the bilateral sternalis muscles we describe can be classi-
fied as Type I1 and 12 on the right and left side, respec-
tively [10], while according to a recent classification by
Raikos et al. it can be classified as Type A on the right
and Type C and left side of the thorax [4].

Discussion

The unilateral sternalis muscle has been reported to be
present in 4.5% of subjects, while the bilateral manifesta-
tion is found in less than 1.7% [6]. There are many the-
ories to explain the embryological origin of sternalis
muscle. It is postulated that it is a derivative of the
hypaxial myotomes/dermomyotomes from which the
ventral and lateral body wall muscles of thorax and
abdomen are developed. Moreover, it is claimed to ori-
ginate from the adjacent muscles or their blastemas,
such as sternocleidomastoid, rectus abdominis, and pan-
niculus carnosus muscle sheet [11], abdominal external
oblique muscle or from the ventrolateral part of the dia-
phragm [4]. Other authors support that the muscle
develops either from the rectus abdominis sheath or

Figure 2 Schematic representation of Figure 1. SM: sternalis
muscle, St: sternocleidomastoid muscle, PM: pectoralis major. LB:
lateral belly, MB: medial belly.

A

from pectoralis major due to a defect in the muscle pat-
terning. Particularly, in the latter case, the defective pre-
cursor migration of the prepectoral mass which gives
rise to the pectoralis major and minor muscles may also
contribute to the sternalis muscle development, while
mechanical disturbances may lead to atypical clockwise
rotation of the muscle fibers [12,13].

Sternalis muscle innervation is quite enigmatic, imply-
ing that the rule of the close relationship between mus-
cle ontogeny and innervation may not apply for this
muscle. O” Neil and Folan-Curran reported that in 55%
of the cases the muscle was innervated from the exter-
nal or internal thoracic nerves, 43% of the cases it was
supplied by the intercostal nerves, while the remaining
cases were supplied by both nerves [11]. However, it is
quite challenging to preserve the accurate innervation
during dissection and surgery because the nerves
supplying the muscle may be easily damaged during
conventional pectoral fascia dissection, thus a microdis-
section technique is preferred [12]. Eisler as cited by
Schaeffer, found a sternalis muscle in almost half anen-
cephalic fetuses in his investigation, while the frequency
in healthy fetuses was significantly lower [14]. A future
study focused on individuals or cadavers with neurologi-
cal history may shed light on the possible connection
between sternalis or other muscular variations of the
thoracoabdominal region and nervous system. On the
other hand, the innervation of muscles depends on local
signals, as the growth cones of the axons are known to
react to guidance cues [15]. Thus, we propose that the
varying innervation of the sternalis muscle is to be
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Table 1 Summary table of sternalis muscle of the anterior thoracic wall.

Etiology

Congenital

Incidence

Cadavers: 1-18.2%. Mammograms: 0.019%. Multidetector CT: 6.2%

Gender ratio

Slightly higher incidence in females

Appearance risk
factors

Unknown - Uninvestigated

Symptoms

Usually asymptomatic. Minor aesthetic complains and a subject with areola-nipple deviation has been reported so far

Treatment

No treatment needed in asymptomatic cases. In reported symptomatic case surgical removal or release was recommended

Findings on imaging

Mammogram: Irregular structure medially on the craniocaudal projection. Plain X-ray: Not visible. CT/MRI: Flat and parallel to
the sternum structure overlying pectoralis major muscle. 3D reconstruction from CT or MRI: Very helpful in cases of narrow

strip-like sternalis muscle

Differential diagnosis

Alterations in electrocardiogram. In imaging: may mimic breast carcinoma, fat necrosis, abscess, diabetic mastopathy,

hematoma, lymphadenitis, surgical scar, extra-abdominal desmoids tumor, medial insertion of the pectoralis muscle,

granular cell tumor, sclerosing adenositis

Points of surgical
interest

Can be used as an individual or conjoined sternalis-pectoralis muscle flap for breast reconstruction after mastectomy, as a
flap in the reconstruction of the anterior chest wall and head & neck

expected, and depends on its individual topographical
location from where it can attract fibers of different
adjacent nerves during development.

The function of sternalis muscle is still unknown. It
may participate in the shoulder joint movement or have
an accessory role in the lower chest wall elevation [6].
Although its entity has been described for more than 400
years [16], while medical students and physicians are
unfamiliar with sternalis muscle variant partially due to
insufficient references in standard medical textbooks
[5,17,18]. This ignorance may lead to diagnostic dilemma
and complications during anterior thoracic region inter-
ventions. Other muscles of the anterior chest wall with
prominent surgical significance include the transversus
thoracis muscle and the axillary arch [19].

The sternalis muscle has never been related to any
clinical symptoms. However, its existence may present
alterations in the electrocardiogram [2] or confuse a
routine mammography [20]. Therefore, it may lead to
misdiagnosis, giving the false impression of an irregular
structure, often mistaken with a wide range of benign
and malignant chest wall and breast lesions, such as
breast carcinoma or hematoma (Table 1). Utilization of
various imaging techniques, multidetector CT, MRI, and
modern techniques such as the 3D volume reconstruc-
tion acquired from CT or MRI studies may assist in
order to avoid the diagnostic dilemma [4,6]. Sternalis
muscle presence may cause breast or chest asymmetry
or deviation of the ipsilateral nipple-areola complex
[17,21], while it may co-exist with other pectoralis
major defects [11,18,22].

The sternalis muscle can easily confuse the inexper-
ienced because it mimic a variety of benign and mali-
cious conditions [23]. Significant caution should be paid
during mammogram interpretation due to a potential
blind spot on the median side of the mammography.

Craniocaudal projection with adequate traction of the
breast may facilitate in inclusion of obscure portions
[18]. The awareness of the aberrant structures is impor-
tant in anterior thoracic wall surgical dissection and par-
ticularly in breast, and cardiothoracic surgery. Especially
in augmentation mammoplasty, the muscle may inter-
fere with the submuscular pocket dissection causing a
different outcome than the expected, whereas due to its
insignificant functional importance, sternalis can be
used as a muscle flap in anterior chest wall, head and
neck, and breast reconstruction [17,24].

Conclusion

The sternalis muscle is a muscular variant of the ante-
rior chest wall, with an uncertain teleology, function and
origin, well known to anatomists but quite unknown to
clinicians. The trait must be familiar to anyone interven-
ing in the region in order to avoid diagnostic dilemma
or surgical malpractice such as unnecessary mastectomy
[10]. In case of diagnostic dilemma, CT and MRI studies
may appear helpful.
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