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SUMMARY: The sternalis muscle (SM) is an anatomical variant found in the anterior thoracic wall. While the attachment sites
of SM are generally agreed upon, the innervation and function of this muscle are not well established. Cadaveric axguegionte
to date report that SM is innervated by either the pectoral nerves or the anterior branches of the intercostal nerveg)atica aim
both. Knowledge of SM is relevant to health care providers specialising in imaging and/or surgery of the anterior thor&his wall
paper aims to raise awareness in the medical community of the clinical relevance of SM through two case reports aedadubeief lit
review.
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INTRODUCTION CASE REPORTS

The sternalis muscle (SM) is an anatomical variarf@ase 1An aborted female fetus at approximately 20 weeks
found in the anterior thoracic region with a reported generaf development (Note: therapeutic abortion took place due
incidence of approximately 3-8% of the population (Peregn a lumbosacral rachischisis, ultrasonographically
et al, 2008). SM is most frequently reported as an incideiagnosed) was examined by dissection (Fig. 1). Upon su-
tal finding during routine anatomical dissection, making aperficial examination of the anterior thoracic wall of the
interesting surprise. Although this variant muscle has beégtus, a right breast mass was revealed. After removing
described by anatomists as early as 1867, the anatomited skin, a unilateral sternalis muscle was found superfi-
and functional descriptions of this muscle are not wetlial to the thoracic fibers of pectoralis major, coursing along
established (Turner, 1867). While there is a genertie right sternal border. The muscle was flat and triangu-
agreement amongst scholars regarding SM attachment sitasjn shape, with its base situated distally, and its muscle
the innervation and function of this muscle remains an arébers running in a cranio-caudal direction. It attached
of debate. Cadaveric and surgical studies to date report thadximally to the manubrium sternalis via a long and thick
SM is innervated by either the pectoral nerves (Kilal, tendon. The distal attachment was along the superior
2000) or the anterior branches of the intercostal nervbsrder of the 5th costo-cartilage. This part of the muscle
(Sarikglogluet al,, 2008), or a combination of both (O'Neillwas covered by the pectoralis tertius muscle, which
& Folan-Curran, 1998). The challenge in identifying theepresented a secondary muscle variant of this case. After
presence of SNh vivohas limited the ability of anatomists resecting SM’s tendon and reflecting it inferiorly, an
to establish the function of this muscle. Knowledge of SMhcomplete development of the sternocostal head of
is relevant to health care providers dealing with surgery pectoralis major was observed. The nerve supply to the
the anterior thoracic wall, oncology (particularly breasmuscle was visualized by direct macroscopic observation
cancer), and diagnostic imaging of the anterior thoracic walbf the specimen. The medial pectoral nerve (MPN)
It is important that physicians are aware of SM as this wilhnervated the pectoralis minor and major muscles; then
aid in diagnosis, prevent misdiagnosis, and help direcoursed through the substance of the sternocostal part of
surgery. This paper aims to raise awareness in the medipattoralis major to course medially toward the deep surface
community of the clinical relevance of SM through two casef SM, supplying SM. The lateral pectoral nerve had the
reports and a brief literature review. typical course of supplying the clavicular head of pectoralis
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major, and did not appear to pierce pectoralis major
to send branches to SM. The anterior cutaneous branc
of the 2nd, 3rd and 4th intercostal nerves hooked aro
the medial border of SM to supply the skin of the ante
rior thoracic wall parasternally. Macroscopically, the
intercostal nerves did not appear to send branches to
We did not encounter anterior cutaneous branch
originating from the first intercostal nerve. The anterio
cutaneous branches of the 5th intercostal nerve were
affected by the presence of SM and followed a regul
course.
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Fig. 1. Sternalis Muscle in 20 week old fetus A) Sternali
Muscle and Pectoralis tertius B) Pectoralis major reflecte
superolaterally, Sternalis muscle reflected inferiorly pm
pectoralis major, pt — pectoralis tertius, sm — sternalis musc
arrows — anterior branches of 2nd to 4th intercostal nerves (c
winding around the medial border of sternalis (reflecte
caudally).

Case 2 An 83-year-old female cadaver was examined K
dissection. After removing the skin from the anterio

thoraclzlc wall of th? gnd spe_c:lmerll, a l::lr:at(?r?tl St?jmal\fﬁ;. 2. Sternalis Muscle in 83 year old Female A) Sternalis muscle
muscie was revealed, coursing along the left and ngikyin 5 sternalis sheath B) Sternalis muscle with sternalis sheath

sternal borders just s_uperficial to t_he pectoral fascia. 30} moved jn — jugular notch, xp — xiphoid process, a — right sternalis
SMs were located within a sternalis Sheath, located W|thiﬁusc|e’ b — left sternalis muscle, ¢ — pectora“s major, d- pectoraj

the pectoral fascia (Fig. 2). fascia, e — sternalis sheath.
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The transverse diameter of the left muscle belly was
double the size of the right SM. The muscle was flat, strap-like
in shape, with its fibers running in a cranio-caudal direction
bilaterally. It attached proximally to the manubrium sternalis
bilaterally via a flattened tendon bilaterally. The distal attachment
of the right SM was into the pectoral fascia at the level of the 4th
and 5th costal cartilages. The distal attachment of the left SM
was into the pectoral fascia at the level of the 5th and 6th costal
cartilages. The nerve supply to the muscle was visualized by
direct macroscopic observation after deep dissection of the SMs.
Both muscles were supplied by the anterior branch of the 2nd
intercostal nerve on their respective sides (Fig. 3).

Proximal

DISCUSSION

The relatively large quantity of literature dedicated to SM
(a search performed on PUBMED retrieved 44 articles published
between 1867 and 2009) depicts this muscle as one of the most
well known variant muscles in the human body. Prominent
anatomists of the 19th century contributed much to the anatomical
knowledge of SM (According to Turner, SM was first observed

Distal and described by Cabrolius), though interest in the muscle
dwindled until the late 20th century (Turner; Shepperd, 1885;
Proximal Wallace, 1886; Cunningham, 1888; Windle, 1893). The recent

surge in attention to the muscle has likely been driven by
advancements in soft tissue imaging together with a lack of
coverage of SM in medical education curricula. Despite the large
range of publication dates, the questions raised by these articles
have not changed (namely the innervation and function of SM).

Anatomy. SM is generally presented as a uni- or bilateral muscle
located in the anterior thoracic wall between the superficial fascia
of the anterior thoracic region and the pectoral fascia, with its
muscle fibers running parallel to the sternum. Variable
attachment sites have been reported, although generally SM is
described as inserting proximally at the manubrium sterni and
distally to the 5th and 6th costal cartilages, aponeurosis of the
external obligue abdominis muscle, and the sheath of the rectus
abdominis (Jeleet al, 2001). Jeleet al.created a classification
system to categorize different morphologies of SM, based
primarily on unilateral (type 1) or bilateral disposition (type II).
There are 4 sub classifications under each type, based on the
number and symmetry of muscle bellies, and relationship with
other muscles. According to this system, the SM in case report 1
is classified as type 11 and the SM in case report 2 is classified as
type 112.

o Y S Distal b |
&= [ =
Fig. 3. Deep dissection of sternalis muscle in 83 year old While the attachment sites and presentation of SM are

female showing the (A) Right and (B) Left sternalis musclélenerally agreed upon, th? innervation and embryological origi_n
innervation. ¢ — pectoralis major; arrow (in A and B) — anteOf the muscle remain topics of debate. Nerve supply to SM is

rior branch of 2nd intercostal nerve. commonly reported as coming from the pectoral nerves (medial
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or lateral pectoral) (Wallace; Lamont, 1887; Cunninghantiferature review did not retrieve any histological studies with
Patten, 1934; Harper, 1936; Kidaal, 2000; Kumaet al, regards to muscle spindles in SM.
2003) or anterior cutaneous branches of the intercostal nerves
(Shepperd, 1889; Shenal, 1992; Jeng & Su, 1998; O’Neill Epidemiology. The general incidence of SM reported by
& Folan-Curran; Jeleet al; Saeecet al, 2002; Arraez- authors is 3-8%, but varies significantly between races
Aybaret al, 2003; Motabagarit al, 2004; Gupta & Harjeet, (Arraez-Aybaret al, 2003; Péreet al). Reported incidence
2004; Sarik¢ioglet al). According to Barlow (1935), a of SM ranges from 2.3% (Turner) to 6.4% (Barlow) in
literature review of 146 SM cases, reported by 17 authoiByuropeans, from 1% (Jeng & Su) to 13.1% (Barlow) in
found that SM is supplied by the pectoral nerves in 68.5%siatic populations, and is approximately 11% in African
of cases, intercostal nerves in 26.7%, and a combinationpafpulations (Barlow). The incidence of SM between genders
the two in 4.8%. In a literature review spanning 191 SMas been reported by some authors to be identical (Barlow),
cases reported by 34 authors, O’Neill & Folan-Curran founghile others have reported a slightly higher frequency in
SM to be supplied by pectoral nerves in 55% of cases, fgmales (8.7%) than in males (6.4%) (Scott-Conner & Al-
intercostals in 43%, and a combination of the two in 2% dfurf, 2002). This difference between genders may be
cases. Kideet al. (2000) and Loukast al. (2004) have confounded by the higher rates of medical imaging and
suggested that the delicate and fine nature of the branckasgery of the anterior thoracic wall for breast-related
of the pectoral and intercostal nerves make them difficult tonditions in females than in males.
dissect due a to their susceptibility to being damaged,
misidentified as connective tissue, or overlooked. These SM has been reported to present with equal frequency
factors lead to difficulty in tracing their potential innervationn a right sided or left sided asymmetric form or symmetric
to SM. (bilateral) form; while unilateral muscles occur
approximately twice as frequently as bilateral muscles
Based on attachment sites and innervation of SNBailey & Tzarnas, 1999).
several theories regarding the embryological origin of SM
have been proposed. The main theories propose that SM:  SM is associated with anomalies (usually axial) and
1) is a cranial extension of rectus abdominis, 2) is a caugddnormalities of pectoralis major. Shepperd (1885, 1889)
continuation of sternomastoid, 3) is a bridging betweenbserved SM in 9 anencephalous foetuses, 7 of which had
sternomastoid superiorly and external oblique inferiorly, pina bifida, 1 with a cleft palate, and 6 with the sternocostal
develops from the pectoral mass from fibers that wepart of pectoralis major underdeveloped. Harper reported 3
displaced at about a right angle from the fibers of pectorafismale foetuses presenting with SM, all 3 with spina bifida,
major and minor, 5) is a remnant of panniculus carnosus,with anencephaly, and 1 with an underdeveloped
and 6) is a muscle atavistic to humans (Humphry, 1878ternocostal part of pectoralis major. The association of SM
Barlow; Kidaet al, 2000). None of these theories entirelywith axial anomalies such as spina bifida occulta is difficult
account for the occurrence of SM. Accordingly, many ternts explain, as it would require a mechanism accounting for
are used in reference to SM, including rectus sternalispth the spina bifida in the lumbosacral area and disruption
thoracicus, sternalis brutorum (Turner; Loukasl), and of the migration of the myomeric mass in the pectoral region.
presternalis (Turner; Saeetlal, 2002; Louka®t al). The O’Neill & Folan-Curran described ‘pectoral slips’,
innervation and relationship with pectoralis major found ipresenting with a SM as variations of either the
our first case report support the theory of SM originatinghondroepitrochlearis or the pectoralis quartus. Kida &
from pectoralis major. The innervation found in our seconidudoh (1991) also described an incomplete development
case report supports the theory of SM originating from recto$§the sternocostal head of the pectoralis major, as was seen
abdominis. in our case. The presence of SM is also associated with
anomalies of the skull and adrenal gland (Harish & Gopinath,
The motor function of SM has not been establishe2D03). The incidence of SM in anencephaly is nearly 50%
and has been the subject of speculation by several auth@vindle), however this may be confounded by the difficulty
Based on its general proximal and distal attachments, it imsobserving SM in living humans other than by surgery or
been hypothesized that the function may be elevation of tkeft tissue imaging.
lower rib cage, acting as an accessory inspiratory muscle.
Kirk (1925) reported the observation of a SM in a livingClinical Application. The more recent publications
man, where the muscle appeared to contract with active trutdncerning SM commonly discuss the muscle in the context
flexion and arm adduction. Recently, Zale¢ral. (2009) of investigational (ex. mammography, magnetic resonance
suggested that SM may have a proprioceptive functiomaging) and/or surgical procedures (ex. mastectomy) of the
detecting movements of the anterior thoracic wall. Ownterior thoracic wall. Most clinically oriented papers
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emphasize the importance of and need for increastte relatively recent advanced imaging and surgical
awareness of SM (Rahmanal, 2009). techniques, incorporation of SM into medical education
curricula and re-introduction of SM into anatomy texts

Advancements in soft tissue imaging and its routinappears valuable as it will increase awareness of SM and

use have led to more frequent discoveries of SM in livingllow for its proper identification to prevent misdiagnosis

humans (as opposed to anatomical dissection). SM has baad allow for appropriate surgical planning (Scott-Conner

discovered on mammography, magnetic resonance imagi&d\l-Jurf).

(MRI), and computed tomography (CT). Bradley al.

(1996) found 4 cases out of an estimated 32000

mammograms that gave signals at the position of SM whi@ONCLUSION

Goktanet al. (2006) and Nuthakket al (2007) identified

SM cases using mammography and MRI. Young Lee et al.

(2006) encountered 86 cases out of 1387 CT chest scans Two cases of SM were presented in this paper. The

where 7.3% of the cases were female, and 5.3% were mdiest case was of a highly deformed fetus with multiple

It has been noted by several authors that SM may minanomalies, namely a SM, pectoralis tertius, incomplete

carcinoma on imaging and that proper identification of SMevelopment of sternocostal part of pectoralis major, and

as a benign variant muscle prevents unnecessary exploratarpbosacral rachischisis. In this case, its relationship with

surgery (Kumaet al; Pojcharmarnwiputet al, 2007). pectoralis major and innervation support the theory of

pectoral origin of this muscle. The second case was of a

Discoveries of SM also occur relatively frequentlybilateral sternalis muscle, where the innervation supports

during breast surgery, where an unexpected SM can be ghie theory of SM originating from rectus abdominis. The

te surprising and/or confusing. Authors describe thesgém of this paper is to raise awareness of SM amongst health

discoveries as a ‘normal finding during breast surgery’ mare providers and educators of medicine. Knowledge of

‘not of clinical concern’ and note the importance othis muscle is important to health care providers involved in

knowledge of the craniocaudally oriented strap of muschkrgery and medical imaging of the anterior thoracic wall.

(Bailey & Tzarnas; Vandeweyer, 1999; Harish & Gopinath)As the occurrence of SM may be associated with the presence

Bailey & Tzarnas encountered 3 patients with SMf mild cases of spinal anomalies such as spina bifida occulta,

undergoing mastectomy over a 15 year period, while Harishe authors suggest that researchers examine the pectoral

& Gopinath found SM in 8 out of 1152 patients undergoingegion for SM when other spinal anomalies are present. This

radical mastectomy. Some authors suggest other clinicaby help identify more cases of SM to promote further

implications of SM pertaining to breast cancer and surgemgsearch in this area, including histological, developmental,

Kabayet al (2005) suggests that SM should be removeahd clinical studies. Clarification of the development of SM

with the breast tissue in radical mastectomy in some breastrelation to the axial skeleton is necessary to resolve the

carcinomas due to its close proximity. Other surgeons hawacertainty around its nerve supply.

begun using SM after mastectomy as a tissue expander ma-

terial for breast reconstruction as the function of SM remains

unknown (Schulman & Chun, 2005). With regards to breast NG, LY LUCACIL.O. C. & WONG. 3. 3. Volver al deba

augmentation, Khan (2008) suggested that SM may 'nterf‘%_égmuéculo esterndht. J. Morphol., 30(1)322-329, 2012.

with the submuscular pocket dissection when an intraalveolar

or submammary approach is used.

RESUMEN: El musculo esternal (ME) es una variante
anatomica en la pared torécica anterior. Mientras que los sitios de
Education. While older anatomy textbooks such asijacién del ME estan acordados, la inervacién y la funcién de este
Cunningham'’s Textbook of Anatomy and Morris’ Treatisentsculo no estan bien establecida. Exploraciones cadavéricas y
on Anatomy give detailed descriptions of SM (Davis-Colley;]uirUrgicas han informado que el ME esté inervado por los nervios
1907; Lockhart, 1953), the muscle is presented only briefBgctorales o ramos anteriores de los nervios intercostales, o una
in currently used textbooks such as Netter, Gray’s Anatong§mPpinacion de ambos. El conocimiento del SE es relevante para
(as the rectus sternalis), and in Larsen’s Human Embryolodfy Proveedores de atencion de salud especializada de imagenes y
and is not described at all in Clinically Oriented Anatom cirugia de la pared toracica anterior. Este d,oc.umemo tiene como

bjetivo crear conciencia en la comunidad médica de la relevancia
(Sal_mons’ 1995; Larsen, 1997.; Saeeal). The absence of clinica de ME a través de dos reportes de caso y una breve revision
SM in modern texts may have influenced its lack of emphagrbnogréﬂca_
in medical curricula, as was reflected in a survey by Bailey
& Tzarnas that found an extremely low awareness amongst PALABRAS CLAVE: Mduasculos pectorales;
physicians and students of the existence of SM. In light &aquisquisis; Nervios pectorales; Nervios intercostales.
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