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Abstract Accurate characterization of pectoralis major tears
is important to guide management. Imaging evaluation with
ultrasound and MR imaging can be difficult given the com-
plex regional anatomy. In addition, recent literature has
redefined the anatomy of the distal pectoralis major. The
purpose of this study is to review pectoralis major injuries
taking into account new anatomic descriptions using ultra-
sound and MR imaging, including cadaveric dissection, sur-
gically produced pectoralis tears, and clinical pectoralis ten-
don tear with surgical correlation.
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Introduction

Shoulder and chest wall region injuries can involve several
anatomic structures, including the pectoralis major. Such in-
juries may occur during weight-lifting and, more specifically,
during a bench press maneuver [1]. Pectoralis major tears may
result in significant disability and cosmetic deformity.
Imaging is often required to confirm and characterize
suspected pectoralis major injuries.

Cross-sectional imaging, including ultrasound and MR
imaging, has been used with success to evaluate pectoralis
major tears [2, 3]. Both imaging methods may characterize a
pectoralis major tear pattern as muscle origin, muscle belly,
musculotendinous junction, intra-tendinous, humeral inser-
tion, or bony avulsion. Accurate characterization of pectoralis
tears is essential to appropriately choose operative versus non-
operative management [1].

Diagnosis and accurate classification of a pectoralis major
tear with imaging can be difficult and diagnostic imaging pitfalls
have been described [4]. This is not only due to the complex
anatomy of the pectoralis major but also because prior imaging
and operative reports do not take into consideration more recent
descriptions of pectoralis major anatomy. The goal of this man-
uscript is to review pectoralis major injuries in the context of
new anatomic descriptions. The ultrasound and MR imaging
findings of pectoralis major injury will be demonstrated and
correlated with cadaveric dissection, surgically produced tendon
tear and subsequent ultrasound imaging, as well as intraopera-
tive findings at time of repair. Knowledge of the complex
pectoralis major anatomy explains the normal and pathologic
imaging findings as seen at ultrasound and MR imaging.

Clinical presentation

The first description of a pectoralis major tear was in 1822,
when a butcher boy sustained an injury while lifting a large

Electronic supplementary material The online version of this article
(doi:10.1007/s00256-014-1990-7) contains supplementary material,
which is available to authorized users.

M. M. Chiavaras (*)
Department of Radiology, McMaster University,
Hamilton, ON, Canada
e-mail: chiavamm@mcmaster.ca

J. A. Jacobson
Department of Radiology, University of Michigan, 1500 East
Medical Center Drive, Ann Arbor, MI 48109-0326, USA

J. Smith
Department of Physical Medicine and Rehabilitation, Mayo Clinic,
Rochester, MN, USA

J. Smith
Department of Radiology, Mayo Clinic, Rochester, MN, USA

J. Smith
Department of Anatomy, Mayo Clinic, Rochester, MN, USA

D. L. Dahm
Department of Orthopaedic Surgery, Mayo Clinic, Rochester, MN,
USA

Skeletal Radiol (2015) 44:157–164
DOI 10.1007/s00256-014-1990-7

http://dx.doi.org/10.1007/s00256-014-1990-7


piece of beef; however, the more contemporary clinical pre-
sentation is that of a young male who is injured during a
bench-press exercise [1]. Pectoralis major tears have also been
reported in a variety of sports and occupations, including
wrestling, football, and rodeo steer wrestling [5]. The most
common mechanism of injury involves stretching of the
pectoralis muscle during active eccentric contraction, resulting
in a muscle or tendon tear [2]. A less common mechanism of
injury is a direct impact injury, typically to the muscle belly.
Acute pectoralis major injuries produce immediate pain and
weakness with swelling and ecchymosis in the anterior axil-
lary region, which may extend along the lateral chest wall and
the proximal arm. Thinning of the anterior axillary fold has
been reported to be a specific physical examination finding
[1]. In the setting of a high-grade pectoralis major tear, a
visible concavity and palpable defect can be appreciated in
the anterior chest wall region [1].

In addition to the cosmetic deformity, a pectoralis major
tear can result in significant weakness in arm adduction and,
depending on the profession and recreational or sports activ-
ities, can result in significant disability. Chronically retracted
tears often result in continued disability as spontaneous
healing is unlikely; therefore, accurate assessment of a
pectoralis major tear is critical to guide effective treatment
for an optimal outcome [1]. A pectoralis major tear at the

origin or muscle belly is typically managed conservatively
with rest and physical therapy. Such tears tend to heal without
significant deformity or morbidity. This is in contrast to a
more distal tear, at the musculotendinous junction, distal ten-
don, or humeral attachment, where spontaneous healing is
unlikely and surgery is usually indicated [6]. In the setting of
a complete distal pectoralis major tear, surgical repair pro-
duces better clinical outcomes compared with non-surgical
management [7, 8].

Anatomy

The pectoralis major is located at the anterior superior chest
wall and functions to adduct and internally rotate the humerus
[9]. The pectoralis major consists of three laminae. The cla-
vicular lamina originates from the medial one half or two-
thirds of the clavicle and forms the clavicular head [1]. The
manubrial and abdominal laminae, which originate from the
manubrium, sternum, ribs, and costocartilage, form the sternal
head [10]. The distal attachment of the pectoralis major is the
anterior surface of the humeral diaphysis, just lateral to the

Fig. 1 An 83-year-old cadaveric left shoulder specimen (male) with
normal pectoralis major (right side of the image is lateral). Anterior views
of shoulder with superficial tissues removed, a, prior to and b, following
clavicular head (c) retraction show anterior (curved arrow) and posterior
(arrow) layers of distal pectoralis major tendon. Note twisted structure of
sternal head, and fusion of two heads more distally into single tendinous
unit, lateral to the biceps brachii short head (*) and medial to biceps
brachii long head tendon (not dissected). S sternal head of pectoralis
major; D deltoid; M pectoralis minor

Fig. 2 Normal left distal pectoralis major tendon. Illustrations of anterior
shoulder show clavicular and sternal heads of pectoralis major, which
form anterior and posterior layers. Note fusion (X) of layers prior to
tendon insertion on humerus. Illustration by John Hagen
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Fig. 3 Pectoralis major tendon injury classification in left shoulder
(orientation same as Figs. 1 and 2). Illustrations show different patterns
of pectoralis major tendon layer injury (colored black). The term “full-
thickness” is used when both anterior and posterior layers are involved,
and “partial-thickness”when one layer is involved. The term “full-width”
is used when an entire layer is involved, and “partial-width” when part of
a layer is involved. Image on left represents a partial-thickness, partial-
width tear of the posterior layer (representing the most caudal sternal

fibers, inserting more cranially due to the twisting of fibers), the middle
image represents a partial-thickness, full-width tear of the posterior layer
(consisting of only sternal fibers), and the right image demonstrates a full-
thickness, full-width tear affecting both layers. (A anterior layer; P
posterior layer; H humerus; C coracobrachialis; S biceps brachii short
head; L biceps brachii long head. Adapted from Guiu R, Lefort H, Mihai
I, et al. J Shoulder Elbow Surg 2013; 22:e22-23. Illustration by JohnHagen

Fig. 4 A 48-year-old man with
normal left pectoralis major. Axial
ultrasound image (a) long axis to
distal pectoralis major tendon
shows clavicular head (C)
forming the majority of the
anterior layer (curved arrow) and
sternal head (S) forming posterior
layer (arrow). Note biceps brachii
long head tendon (B) and
humerus (H). Sequential
ultrasound images (b–d) in
sagittal plane (left side of images
is cephalad) frommedial to lateral
show clavicular head (C) forming
the majority of the anterior layer
(curved arrow), and sternal head
(S) with two defined tendons
(arrowheads) that form posterior
layer (arrow). Ultrasound image
(e) in sagittal plane long axis to
biceps brachii long head tendon
(B) shows fused layers as uniform
tendon (arrowheads)
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biceps brachii long head tendon (Fig. 1). The length of the
tendon footprint on the humeral diaphysis is approximately 4–
6 cm cephalocaudad [3]. The pectoralis minor is located deep
to the pectoralis major, with its origin on the ribs and insertion
on the coracoid.

The anatomy of the pectoralis major is unique and some-
what complex. While the literature in the past has described a
simple twisting insertion of the two heads on the humerus,
with the more superior clavicular head inserting inferior and
the more inferior sternal head inserting superior, anatomic
dissections have revealed that this is an over-simplification
of the distal pectoralis major anatomy. The distal pectoralis
major tendon actually consists of anterior and posterior layers
that are continuous at their inferior aspects, forming a “U”
shape (Figs. 1 and 2) [6]. The anterior layer consists of the
clavicular head and superior fibers of the sternal head, while
the posterior layer consists of the sternal head alone, with each
layer being approximately 2 mm thick [9]. Medially, a small
fat pad is interposed between the two layers [9]. Distally, these
two layers fuse medial to their attachment to the humeral
diaphysis, although the posterior tendon extends more proxi-
mal, approximately 11 mm toward the muscle belly when
compared to the anterior layer [9]. While the more anterior
clavicular head is uniform throughout its course, the anatomy
of the sternal head is more complex as it is comprised of six to
seven segments [6]. In addition, these sternal head segments
twist as they attach so that the most inferior segments (five
through seven) course deep to attach as the superior aspect of
the posterior layer, and the superior segments (one through
four) course superficial to attach as the inferior aspect of the
posterior and anterior layers. This configuration is analogous
to the appearance of an unfolded hand-held fan [6].

The detailed anatomic description of the distal pectoralis
major tendon attachment has resulted in a new classification
of pectoralis major tendon injuries based on proposed patho-
physiology. The term “full-thickness tear” can be used when
both anterior and posterior layers are involved, and the term
“partial-thickness tear” when one layer is involved. The term
“full-width” (or “complete-width”) can been used when an
entire layer is involved, and “partial-width” (or “incomplete-
width”) when part of a layer is involved [6]. A sequence to
tearing of the distal pectoralis major tendon has also been
proposed based on the severity of injury and taking this
classification into consideration. The portion of the pectoralis
tendon that is typically involved during an injury is the most
inferior portion of the sternal head (segment seven), which
inserts as the superior portion of the posterior layer (Fig. 3)
[11]. An isolated tear at this location would be termed a
partial-thickness, partial-width tear of the superior segment
of the posterior layer [6]. As the injury force continues, the
tear would extend inferiorly along the posterior layer (seg-
ments six and then five), described as a partial-thickness
(posterior layer), full-width tear [11]. Further tearing of the

distal pectoralis major tendon would then extend from the
inferior aspect of the “U” to the inferior segment of the
anterior layer or the clavicular head, and potentially to the
superior aspect of the anterior layer as a full-thickness, full-
width tear [11]. Most tears of the pectoralis major involve the
musculotendinous junction, and are partial-thickness tears that
involve the sternal head [2].

Imaging: normal anatomy

Ultrasound

One key to successful ultrasound imaging of the pectoralis
major is to use osseous landmarks for orientation. While
ultrasound scanning technique of the pectoralis major can be
variable, the following technique can be considered. With the
patient lying supine and the humerus in neutral position,
ultrasound scanning can begin over the proximal humerus in
the anatomic axial plane. Identification of the bicipital groove
in the humerus is a characteristic landmark, which contains the
long head of the biceps brachii tendon. By moving the trans-
ducer inferiorly, the distal pectoralis major tendon can then be
visualized as it extends over the biceps brachii long head
tendon from medial to lateral to insert on the lateral aspect

Fig. 5 A 40-year-old man with normal left pectoralis major. Axial (a)
and coronal (b) T1-weighted MR images show clavicular (c) and sternal
(S) heads of pectoralis major. Note anterior (curved arrow) and posterior
(arrow) layers, which fuse and then course over short head of biceps
brachii and coracobrachialis (*), and then biceps brachii long head tendon
(arrowhead) to insert on humerus
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of the bicipital groove of the humerus (Fig. 4a) [3]. Moving
the transducer medial and over the musculotendinous junc-
tion, the more superficial clavicular head forming the majority
of the anterior layer and the deeper sternal head forming the
posterior layer can be identified.

With the transducer turned 90° into the sagittal plane and
medial to the musculotendinous junction, the clavicular and
sternal heads are separately identified. This view is very useful
in identifying the individual pectoralis major heads and char-
acterizing the extent of a pectoralis tendon tear. As the trans-
ducer is moved laterally toward the distal insertion, distinct
tendons are first visualized in the sternal head (Fig. 4b). As the
transducer moves more lateral, the sternal head tendons com-
bine into a single, linear sternal head tendon located inferiorly,
and then the clavicular head tendon located superiorly be-
comes visible (Fig. 4c). As the anterior and posterior tendon
layers are formed (Fig. 4d), the characteristic “U” shape can

be seen with each layer approximately 2 mm in thickness [9].
Over the biceps brachii long head tendon, the fused anterior
and posterior layers of the distal pectoralis major tendon is
seen (Fig. 4e), which is approximately 4–6 cm cephalocaudad
and approximately 4 mm thick. The transducer can also be
positioned long axis to each individual clavicular and sternal
head components of the pectoralis major.

MR imaging

While specific MR imaging protocols are variable, key as-
pects should include T1-weighted, fluid-sensitive (T2-weight-
ed, inversion recovery), and possible intermediate-weighted
(proton density) imaging. A surface coil may be used, but it is
important to ensure a large field-of-view to cover the full
extent of the pectoralis major. A smaller field-of-view may
be added at the distal tendon attachment as well. While stan-
dard orthogonal imaging planes (axial, sagittal, coronal) often
are adequate, oblique planes, such as oblique coronal and
oblique sagittal have the advantage of showing the structures
in their anatomic long and short axis, respectively [2]. The
multipennate appearance of the pectoralis major can be appre-
ciated with its distal low signal tendon coursing from medial
to lateral over the coracobrachialis and the biceps brachii short
head, and then over the biceps brachii long head tendon to
insert onto the humeral diaphysis just lateral to the biceps
brachii (Fig. 5). The musculotendinous junction is located
directly posterior or deep to the deltopectoral groove [10].

Imaging: injury

Pectoralis major injuries may be classified by anatomic loca-
tion as muscle origin, muscle belly, musculotendinous junc-
tion, intra-tendinous, humeral insertion, and bony avulsion
[6]. Muscle origin and muscle belly injuries are less common

Fig. 7 A 22-year-old man with complete left clavicular and sternal head
tears (full-thickness, full-width pectoralis major tear). Axial inversion
recovery (a), as well as sagittal (b) and coronal (c) intermediate-weighted
fat-saturation FSE MR images show a complete distal pectoralis major
tear (curved arrow) retracted superficial to biceps brachii short head and

coracobrachialis (*) with visible torn tendon stump (arrow). There is no
distal tendon visible superficial to biceps brachii long head tendon
(arrowhead). S sternal head; C clavicular head; D deltoid; M pectoralis
minor

Fig. 6 A 28-year-old man with complete left clavicular and sternal
head tears (full-thickness, full-width pectoralis major tear). The
right side of image is lateral. Axial ultrasound image long axis to
distal pectoralis major tendon shows torn distal pectoralis major tendon
tear (curved arrow) retracted superficial to biceps brachii short head and
coracobrachialis (*). There is no distal pectoralis tendon visible superfi-
cial to biceps brachii long head tendon (arrowhead), which is displaced
slightly anterior to the humeral shaft. D deltoid
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and are treated conservatively [6]. The other injury patterns
typically require surgery for treatment as they are high-grade
injuries (i.e., complete or near complete full thickness) [6].
The following discussion will review pectoralis injuries in two
categories, those that are treated conservatively and those that
typically require surgery.

Muscle origin and muscle belly injury

Injuries at these sites are less common and are usually not
complete tears. At ultrasound, there will be variable de-
gree of muscle fiber disruption, with predominantly
hypoechoic but mixed echogenicity hemorrhage [3]. A

Fig. 8 An 87-year-old cadaveric left shoulder specimen (man) with
surgically created full-width sternal head tear (or partial-thickness
pectoralis major tear given intact anterior layer). For images a and b,
right side of image is lateral. For image c, superior part of image is
anterior. a Anterior view shows surgically created sternal head (S) tear
at musculotendinous junction (curved arrow) where posterior layer
(arrow) fuses with anterior layer (intact clavicular head is retracted). Note
biceps brachii short head and coracobrachialis (*). Rectangle of green
paper is placed beneath biceps brachii long head tendon. C clavicular

head;D deltoid;M pectoralis minor. After returning clavicular head (C) to
anatomic position with specimen in water bath, b transverse and (c)
sagittal ultrasound images long and short axis to distal pectoralis major
tendon (semitransparent rectangle in b shows transducer position in the
sagittal plane that results in image c) showmusculotendinous tear (curved
arrow) of sternal head (S). Note posterior layer (arrow) fusing with
anterior layer to form intact distal pectoralis major tendon (arrowheads)
over biceps brachii long head tendon (b).D deltoid;H humerus; *, biceps
brachii short head and coracobrachialis

Fig. 9 A 23-year-old manwith full-width left sternal head tear (or partial-
thickness pectoralis major tear given intact anterior layer). For images a–
d and f, right side of image is lateral. For image e, right side of image is
posterior and top of image is cranial. a, b Transverse ultrasound images
long axis to distal pectoralis major tendon, and c, d axial, e sagittal, and f
coronal intermediate-weighted fat-saturation FSE MR images show

musculotendinous tear (curved arrow) of sternal head (S). Note posterior
layer (arrow) fusing with anterior layer to form intact distal pectoralis
major tendon (arrowheads) over the biceps brachii long head tendon (B)
and lack of edema at humerus. D deltoid; * biceps brachii short head and
biceps brachii short head; H humerus
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residual fluid collection may become anechoic when chronic.
At MR imaging, there will be similar variable muscle fiber
disruption with fluid-signal hemorrhage and edema.

Musculotendinous junction, intra-tendinous, humeral
insertion, and bony avulsion

A distal tendon injury that produces a bony avulsion is un-
common but characteristically shows the bone fragment and
surrounding hemorrhage and edema. The three remaining
injury patterns are essentially variations of tendon tears, with
one occurring at the bone (humeral insertion), one within the
tendon (intra-tendinous), and one at the muscle attachment
(musculotendinous). Distinction between these types is often
difficult given the distortion of the tissues from the tear and
associated hematoma. This is complicated by the fact that
tears more commonly involve the sternal head, which forms
the entire the posterior layer at the distal tendon attachment.

Combined full-width tears of both clavicular and sternal
heads (i.e., a full-thickness, full-width pectoralis tendon tear)
are relatively straightforward at imaging because there will be
complete tendon discontinuity with subsequent proximal re-
traction superficial to the biceps brachii tendon short head and
coracobrachialis (Figs. 6, 7). A more distal tendon tear will

show edema and hemorrhage at the humeral diaphysis, which
appears as abnormal fluid signal onMR imaging and predom-
inantly hypoechoic on ultrasound [2–4]. Associated anterior
displacement of the long head biceps brachii tendon may also
be seen from the edema and hemorrhage. A tear at the distal
humeral attachment characteristically involves both heads and
non-visualization of tendon fibers superficial to the biceps
brachii tendon [2, 3].With more proximal (i.e., medial) tendon
tears, intact tendon will still be identified over the biceps
brachii long head tendon and at the humeral attachment.
Sonographically, identification of the retracted tendon stump
can be facilitated by identifying the coracoid process proxi-
mally and scanning caudal with the transducer oriented in an
anatomic axial plane. Using this method the transducer will
pass from the coracoid to the biceps brachii short head, super-
ficial to which the retracted tendon as well as hemorrhagic
fluid will be found.

A more difficult tear to characterize is one that involves
only one of the distal tendon layers (i.e., a partial-thickness
pectoralis tendon tear). The most common pattern is a sternal
head musculotendinous junction tear, in which the sternal
head tears from the undersurface of the clavicular head at the
site of sternal and clavicular tendon fusion. Consequently, this
tear is located medial to the biceps brachii long head tendon. If

Fig. 10 A 28-year-old man with full-width left sternal head tear (or
partial-thickness pectoralis major tear given intact anterior layer). In
images b, c and e-g, right side of image is lateral. In image d, the right
side of the image is caudal and top of image is anterior. a Photograph
shows ecchymosis and bruising of axilla and upper arm. b, c Transverse
ultrasound images long axis to distal pectoralis major tendon, d sagittal
ultrasound image, and e axial, fluid-sensitive MR image show full-width

tear (curved arrow) of sternal head (S). Note intact clavicular head (C)
that forms the anterior layer (arrowheads) over the biceps brachii long
head tendon and coracobrachialis (*). Photograph at surgery (f ) shows
torn and retracted sternal head (curved arrow) and distal tendon segment
(arrow), which is reattached in g. D deltoid; H humerus. Please see
electronic supplemental videos for 10B, 10C, and 10D
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the posterior layer sternal head tear does not extend to involve
the entire anterior layer, an intact pectoralis tendon is still
present over the biceps brachii long head (Figs. 8, 9, and
10). This finding likely explains the previously described
imaging pitfall where an intact tendon may be identified over
the biceps brachii long head tendon even in the setting of a
complete sternal head tear [4].

Conclusions

New anatomic descriptions of the distal pectoralis major tendon
detail a “U” shape of the distal tendon comprised of anterior layer
(the clavicular head and, to a lesser extent, the sternal head) and
posterior layer (the sternal head), which fuse proximal (i.e.,
medial) to the distal tendon attachment on the humerus. This
anatomy explains the imaging appearance of an isolated, poste-
rior layer, sternal head tear at the musculotendinous junction,
where an intact anterior clavicular head and a conjoined anterior
and posterior tendon layer over the biceps brachii long head
tendon will still be identified. Classifying pectoralis tendon tears
as “full- or partial-thickness” (i.e., involving both layers or just
one) and “full- or partial-width” (i.e., involving entire layer or just
a portion of the layer) will more accurately characterize the
degree of pectoralis tendon pathology and help guide the most
appropriate clinical management. Orthogonal imaging is essen-
tial, wherein evaluation of the pectoralis major in the sagittal
plane enables identification of each individual clavicular and
sternal head allowing for accurate injury classification.
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