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Breast Surgery

Variations in pectoral muscle anatomy have significant 
implications for surgeons operating on the breast. The 
anatomy of the individual pectoralis major and minor mus-
cles has been described extensively.1-6 Previous investiga-
tions have detailed the individual anatomic variations of 
the pectoralis major and minor muscles but lacked descrip-
tion of the inconsistent spatial relationship created by 
these individual muscle variations. Specifically, neither the 
variable arrangement of pectoralis major and minor mus-
cles’ costal origins nor the incidence of conjoined origins 
has been investigated. An extensive review of cadaveric 
and embryological studies has provided the following mor-
phological description of the pectoral musculature.

Pectoral muscle development begins during the fourth 
week of embryological development when arm buds form 

from somite mesenchymal proliferations. The pectoralis 
major and minor muscles develop from a common mesoder-
mal origin located in the lower cervical region on the medial 
side of the arm bud. The pectoral premuscle mass becomes 
clearly present in a 6-week embryo.3 At this stage, the 
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Abstract
Background: Although the anatomy of the individual pectoralis major and minor muscles has been described previously, never before has the 
anatomic relationship between these muscles been investigated.
Objective: The authors identify the anatomic relationship of the costal origins of the pectoralis major and minor muscles.
Methods: Bilateral thoracic wall dissection was completed in 102 cadavers. In each dissection, the chest wall soft tissue was removed, and the distance 
between costal origins of the pectoralis major and the pectoralis minor muscles was measured.
Results: In 49 female and 53 male cadavers, 202 pectoralis major muscles were lifted to expose the costal origins of the pectoralis major and minor 
muscles. Distances between pectoralis major and pectoralis minor muscles were separated into 3 categories: less than 1 cm, between 1 and 3 cm, and 
greater than 3 cm. Forty-nine (24%) pectoralis muscle dissections displayed a distance of less than 1 cm between costal muscle origins. Eighty-three 
dissections (41%) showed an intermediate distance of between 1 and 3 cm, while the remaining 70 (35%) were over 3 cm. No significant difference 
was observed in these percentages with regard to sex. Ten cadavers displayed asymmetry in pectoralis muscle origin distance. Eight specimens displayed 
shared fibers between pectoralis major and minor muscles.
Conclusions: The anatomic relationship between the costal origin of the pectoralis major and minor muscles is highly variable. Understanding this 
spatial relationship has important implications for cosmetic and reconstructive breast surgery.
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pectoralis premuscle mass has reached the level of the third 
rib, but the 2 individual muscles continue to form a single 
columnar mass attached at the humerus, clavicular rudiment, 
and coracoid process.3 The mass flattens as it extends caudo-
ventrally to the region of the distal upper ribs. At week 7, the 
muscle has taken position down to the fifth rib and assumes 
a more adult form with fibers from the upper 5 ribs, sternal 
angle, and clavicle.3 The muscle mass then begins to split in 
a caudal to rostral direction with 1 tendon attached to the 
humerus and the other to the coracoid, with fusion still 
remaining at the costal attachments. At week 8, the costal 
head of the pectoral mass splits into the pectoralis minor and 
the sternocostal head of the pectoralis major, creating 2 dis-
tinctive pectoral bodies.7

In adults, the origin of the pectoralis major typically 
includes a clavicular head arising from the medial half of the 
clavicle, a sternocostal head arising from the anterior surface 
of the sternum and superior 6 costal cartilages, and an 
abdominal head arising from the aponeurosis of the external 
oblique and the rectus sheath. In a large-scale cadaveric study 
of the pectoralis muscles, Anson et al1 reported that costal 
origin fibers of the pectoralis major originate from the fifth rib 
70% of the time, the fourth rib 38% of the time, and the third 
rib 7% of the time. Fibers of the pectoralis major converge 
and insert into the lateral lip of the humerus’ bicipital groove. 
The pectoralis minor typically originates from tendinous slips 
arising from the superior borders of the second through fifth 
ribs and is blended with the anterior intercostal aponeurosis 
medially and the external intercostal muscles laterally.1 The 
original study by Anson et al2 of 200 cadaveric specimens 
found costal origins from ribs 2 through 5, 3 through 5, 2 
through 4, and the second intercostal space through rib 4 
(42%, 28.5%, 15%, and 5% of the time, respectively). 
Subsequent study of 400 cadaveric specimens found the ori-
gin of the pectoralis minor to include the fourth rib 100% of 
the time, the fifth rib 78% of the time, and the sixth rib 3% of 
the time.1 Fibers of the pectoralis minor pass upward and out-
ward and insert onto the scapula’s coracoid process.

Given that the pectoralis major and minor develop from 
a single embryologic premuscle mass and that in adults, 
these 2 muscles frequently arise from costal origins along 
the same rib, it is not impractical to question the occur-
rence of crossover or sharing of muscle fibers. The only 
evidence we found regarding the occurrence of these ana-
tomical variations were brief descriptions of muscular slips 
from the costal origins of the pectoralis minor as it was 
observed crossing over to fuse with the pectoralis major.6 
The purpose of this study was to identify the proximities of 
the pectoralis major and minor muscle costal origins and 
the incidence of conjoined origins.

MethodS
Cadaveric studies were undertaken of the bilateral thoracic 
wall in 102 embalmed cadavers. The cadavers spanned a 

full range of body habitus. Forty-nine female cadavers and 
53 male cadavers were included; all were clearly adults, 
although cadaver ages were unknown. This study was 
approved by the Institutional Review Board of the 
University of Texas Medical Branch.

Dissection began with removal of the skin and subcuta-
neous tissue from the bilateral anterior thoracic wall, extend-
ing from the sternum to the midaxillary line transversely 
and from the clavicle to the hypochondriac region vertically. 
This allowed exposure of the clavicular, sternal, and costal 
origins of the pectoralis major. The clavicular and sternal 
origins of each pectoralis major muscle were released, 
allowing subpectoral dissection of the pectoralis from a 
medial to lateral direction. Subpectoral dissection was done 
bluntly for the medial half of the muscle and then with more 
attention laterally to carefully lift the pectoralis major from 
the underlying minor muscle. Care was taken to preserve 
the costal origins of the pectoralis major muscle.

Muscle fibers shared by the pectoralis major and minor 
muscles were recorded. The distance from the costal ori-
gins of the pectoralis major and minor was then measured. 
Each distance measured was categorized into 1 of 3 groups: 
those with less than 1 cm between origins, 1 to 3 cm 
between origins, and greater than 3 cm between origins.

ReSultS
In 102 cadavers (female, 49; male, 53), 202 pectoralis major 
muscles were elevated to expose the costal origins of the 
pectoralis major and minor muscles. Large variability was 
found in the relationship of costal origins. Figure 1 displays 
3 defined relationships of pectoral costal origins. Table 1 
shows that 49 (24%) pectoralis muscle dissections had a 
distance of less than 1 cm between costal muscle origins, 
83 (41%) had an intermediate distance of between 1 and 3 
cm, and the remaining 70 (35%) had over 3 cm of separa-
tion. Ten cadavers displayed asymmetry in pectoralis mus-
cle origin distance, with 5 having smaller distances 
between origins on the left side and 5 having smaller dis-
tances between origins on the right side. One female 
cadaver lacked a pectoralis minor muscle on the left. One 
sternalis muscle and 1 chondroepitrochlearis muscle, both 
in male cadavers, were also observed. No significant differ-
ence concerning costal origin was observed with regard to 
sex (Tables 2 and 3). Eight pectoral specimens displayed 
shared fibers between the pectoralis major and minor mus-
cles at their costal origins.

diScuSSion
An inconstant relationship exists between the pectoralis 
major and minor muscles at their costal origins. We have 
shown that in 102 cadaver dissections, 49 (24%) displayed 
a distance of less than 1 cm between pectoralis major and 
minor costal muscle origins, 83 (41%) had an intermediate 
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distance between 1 and 3 cm, and the remaining 70 (35%) 
had more than 3 cm of separation (Table 1). No significant 
differences in these percentages were found between males 
and females (Tables 2 and 3). The tables included display 
total numbers of pectoralis relationship variants: less than 1 
cm, 1 to 3 cm, and greater than 3 cm. Ten cadavers 

displayed asymmetry with respect to their pectoralis muscle 
relationships. Each of the cadavers with 2 different pectora-
lis relationship variants was included twice, once in each 
respective variation column. Eight pectoral specimens also 
displayed shared fibers between pectoralis major and minor 
muscles at their costal origins.

Figure 1. Anatomic relationship of the pectoralis major and minor muscle costal origins. Arrows indicate areas of variable 
distance between pectoralis major and minor muscles. (A) Less than 1 cm between costal muscle origin; (B) 1 to 3 cm 
between costal muscle origin; (C) 3 cm or greater between costal muscle origin.
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We believe that this variable anatomic relationship can 
present problems for even the most experienced surgeon. 
Cosmetic and reconstructive surgeons commonly rely on 
the pectoralis major muscle as a structural tool integral for 
implant coverage and position. The pectoral muscle rela-
tionships defined in this study have the most clinical rele-
vance in the creation of implant pockets during subpectoral 
or dual-plane breast augmentation with an inframammary 
incision approach. An uninformed reliance on presumably 
reliable anatomy of the costal region’s pectoral muscles 
can lead to inconsistent surgical results. In patients with 
shared pectoral muscle fibers or origin distances less than 
1 cm (Figure 2), pectoralis major and minor muscle fibers 
could conceivably be confused. Unintentional dissection 
under the pectoralis minor—splitting the muscle mass—
can cause bleeding, pain, and possible implant malposi-
tion from abnormal muscular forces.

Our study shows that the subpectoral plane is most consis-
tently and reliably dissected under the pectoralis major’s 
medial aspect. The inconstant pectoralis major and minor 
relationship found beneath the pectoralis major muscle’s lat-
eral aspect makes lateral subpectoralis major dissection more 

difficult and prone to error. These anatomic findings imply 
that in subpectoral implant pocket creation from an inframa-
mmary incisional approach, the surgeon should begin pocket 
dissection medially, then continue laterally under direct 
vision, defining and dissecting above the pectoralis minor 
muscle. All shared muscle fibers between pectoralis major 
and minor muscle muscles were also found laterally. The 
shared muscle fibers’ lateral location further suggests the 
value of medial to lateral subpectoral direction under direct 
visualization. Blind dissection of these shared fibers could 
cause bleeding and/or variation in the subsequent forces the 
implant will experience.

Presumably, other abnormalities in the origins and inser-
tions of the pectoralis major and minor muscles can cause 
imbalance in subpectoral implant pocket design, resulting in 
implant malposition. An attenuated or shortened medial pec-
toralis major muscle origin could promote overrelease and 
medial implant malposition in repose. Overrelease of the 
medial pectoralis major can also cause pectoralis major “win-
dow shading” and abnormal inferolateral implant movement 
on animation.8,9 Conversely, pectoralis major muscles with 
abnormally abundant costal origins conceivably can result in 

Table 1. Distances Between Costal Origins of Pectoralis Major and Minor in 102 Cadavers

Distances Between Origins, cm

Characteristic <1 1-3 >3

Number of cadaversa 29 46 37

Number of pectoralis flaps 49 83 70

Bilateral occurrence 20 37 33

Unilateral occurrence  9  9  4

Bilateral percentage 69 80 89

Unilateral percentage 31 20 11

Total percentage of cadavers 24 41 35

aSome cadavers exhibited asymmetry between the left and right pectoralis groups.

Table 2. Distances Between Costal Origins of Pectoralis Major and Minor in 49 Female Cadavers

Distance Between Origins, cm

Characteristic <1 1-3 >3

Number of cadavers 14 23 17

Number of pectoral flaps 23 41 32

Bilateral occurrence  9 18 15

Unilateral occurrence  5  5  2

Bilateral percentage 64 78 88

Unilateral percentage 36 22 12

Total percentage 23 43 34
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incomplete release of the inferior pectoralis border, leading to 
superior implant malposition. In this study, we investigated 
only the relationship of the costal origins of the pectoralis 
major and minor muscles. Research into the anatomic varia-
tions of the medial and inferior aspect of the pectoralis major 
muscle is currently ongoing.

concluSionS
An inconstant relationship exists between the pectoralis 
major and minor muscles at their costal origins. This 

unpredictable relationship results from inconsistency in 
both the pectoralis major and minor muscles’ costal ori-
gins. Care must be taken in elevation of the pectoralis 
major to not include a portion of the pectoralis minor, 
which would result in an inaccurate pocket dissection. 
This is especially true when approaching the subpectoral 
space from an inframammary approach.
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