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Abstract
Objective To study the diagnostic utility of the “smoke sign” to detect unsuspected acute pectoralis major tendon injury on
routine shoulder MRI.
Materials and methods Retrospective study of 52 shoulder MRI in patients with (38) and without (14) acute pectoralis major
injury confirmed on imaging. Two readers independently reviewed shoulderMRI for the presence of the “smoke sign”—feathery
soft tissue edema lateral or anterior to short head biceps/coracobrachialis on fluid-sensitive coronal-oblique and sagittal-oblique
images, respectively.
Results The smoke sign was present on shoulderMRI in 24/24 (100%) humeral avulsions, 4/4 (100%) tendon tears, 4/8 (50%) of
myotendinous junction injuries, and 0/2 (0%) intramuscular injuries. The smoke sign was present in 0/14 examinations without
acute pectoralis major injury.
Conclusion While dedicated pectoralis MRI remains the preferred method for imaging pectoralis injury, the “smoke sign” can
serve as an easy to recognize finding on routine shoulder MRI that can raise the suspicion of an acute pectoralis major tendon
injury. Its detection should prompt evaluation of the pectoralis major tendon and recommendation for dedicated imaging to
confirm and evaluate the full extent of injury.
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Introduction

Patients with acute pectoralis major injury commonly present
with characteristic history, presentation, and physical exam
findings and are referred for dedicated imaging of the pectoralis
muscle-tendon unit to make or confirm the diagnosis, localize

the injury, and aid in preoperative planning and injury prognos-
tication. Pectoralis MRI, with imaging planes chosen with re-
spect to the anatomic plane of the muscle, and field-of-view to
include the entire muscle-tendon unit, is reported to be sensitive
and specific for pectoralis major injury [1, 2] and accurate for
injury detection and severity grading [3].
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When presentation is atypical and pectoralis major injury is
not clinically suspected, however, patients may be referred for
routine shoulder MRI.

Pectoralis major pathology is located at the MR equivalent
of the “edge of the film,” beyond the rotator cuff and shoulder
joints which receive the lion’s share of our attention. Over
years of clinical practice, we noted that patients with con-
firmed acute pectoralis major tears on dedicated pectoralis
MRI examinations often had ill-defined soft tissue edema,
which has the conspicuous appearance of a curl of smoke,
lateral and anterior to the short head biceps/coracobrachialis
on the coronal-oblique and sagittal-oblique fluid-sensitive se-
quences of their routine shoulder MRI examinations. We
sought to study the diagnostic utility of this “smoke sign” to
detect unsuspected acute pectoralis major tendon injury on
routine shoulder MRI.

Materials and methods

This was an IRB approved, HIPAA compliant, retrospective
study for which the requirement for informed consent was
waived.

The patients in this study were identified through a retro-
spective radiology database search of consecutive reports of
shoulder and pectoralis MRI that contained the words
“pectoralis” and “shoulder” from 9/2012 to 7/2018 (Fig. 1).
The resulting radiology reports were divided into two groups:

one group containing studies which reported pectoralis major
injury and the second group containing studies that reported
no evidence for pectoralis major injury.

The senior author reviewed all imaging from both groups
to confirm the presence or absence of acute pectoralis injury.

To qualify for inclusion in the study group, patients had to
have a shoulder MRI which clearly showed unequivocal acute
pectoralis major injury or had a shoulder MRI and also a
pectoralis MRI which clearly showed the injury.

Patients who had both negative pectoralis MRI and shoul-
der MRI were retained for the study group as controls.

Patients who had non-acute pectoralis injury, who only
underwent pectoralis MRI, or had prior shoulder surgery were
excluded.

The electronic medical record was reviewed for surgical
correlation in all study patients.

Imaging parameters

Shoulder MR examinations were done at 1.5 T and 3 T and
included the following sequences; coronal oblique proton
density (TR 2800 ms, TE 30 ms, slice thickness 3 mm), and
fat suppressed T2 (TR 3000 ms, TE 50–60 ms, slice thickness
3 mm), sagittal oblique T1 (TR <800 ms, TE min, slice thick-
ness 3 mm), and fat suppressed T2 (TR 3000 ms, TE 30 ms,
slice thickness 3 mm), axial fat suppressed proton density (TR
2800 ms, TE 30 ms, slice thickness 3 mm).
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Fig. 1 Flowchart for the
generation of the study and
control groups
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Pectoralis MR examinations were done at 1.5 T and 3 T
and included the following sequences prescribed in the plane
of the pectoralis major muscle/myotendinous junction: axial
T1 (TR 600 ms, TE min, slice thickness 4 mm) and fat sup-
pressed T2 (TR 4000 ms, TE 70 ms, slice thickness 4 mm),
sagittal fat suppressed T2 (TR 4000ms, TE 70ms, slice thick-
ness 3 mm), and coronal oblique fat suppressed T2 (TR
4000 ms, TE 70 ms, slice thickness 3 mm), to include the
entirety of the pectoralis muscle-tendon unit.

Imaging evaluation

Only shoulder MR examinations were anonymized, random-
ized, and presented for independent review by two musculo-
skeletal fellowship-trained radiologists with 1 and 2 years of
experience, who were asked only to determine the presence or
absence of the “smoke sign” on the coronal-oblique and sagit-
tal-oblique, fluid-sensitive sequences. The “smoke sign” was
defined to be present on routine shoulder MRI if there was
edema lateral or anterior to the short head biceps/

coracobrachialis on coronal-oblique and sagittal-oblique,
fluid-sensitive images, respectively (Figs. 2 and 3). This edema
had ill-defined lateral and anterior edge and had a sharp medial
and posterior edge where it abutted the coracobrachialis/short
head biceps. Both readers participated in a teaching session
two weeks prior to image evaluation where imaging criteria
and examples of the “smoke sign” were provided by the
senior author. Although the readers had access to the full
MR shoulder examination, they were instructed only to
evaluate for the presence or absence of the smoke sign on
coronal-oblique and sagittal-oblique, fluid-sensitive se-
quences, and not to review the images for other findings
or to review axial images.

All shoulder and pectoralis MRI were reviewed by the
senior author, who recorded the presence and location of the
pectoralis major injury: humeral insertion, tendon tear (intra-
tendinous), myotendinous junction, or intramuscular
myotendinous junction (Fig. 7). Examinations were consid-
ered positive if injury to the pectoralis major muscle-tendon
unit was clearly evident on shoulder MRI or if injury was
confirmed on dedicated pectoralis MRI.

a b

c

* *

Fig. 2 A 29-year-old man who
presented for injury one week af-
ter trauma. a Coronal-oblique, b
sagittal-oblique, and c axial fluid
sensitive sequences from routine
shoulder MRI. Coronal- and sag-
ittal-oblique, fluid-sensitive se-
quences show the “smoke sign”
(open white arrow) related to
edema/hemorrhage lateral and
anterior to coracobrachialis/short
head biceps tendon (asterisk), re-
spectively (arrowheads). The soft
tissue edema has ill-defined later-
al and anterior edge and sharp
medial and posterior edge where
it abuts the coracobrachialis/short
head biceps. Axial and coronal-
oblique, fluid-sensitive sequences
also the pectoralis major tendon
avulsed from its humeral insertion
and medially retracted (white ar-
row, a and c), as well as the as-
sociated findings of peri-bicipital
edema and anterior biceps tendon
displacement (black arrow, c). In
our series, the smoke sign was
present in 24/24 (100%) cases of
pectoralis tendon humeral
avulsion
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Statistical analysis

Sensitivity, specificity, and negative and positive predictive
values were calculated for each reader and pooled. Cohen’s
kappa coefficient (κ) was calculated to assess inter-reader
agreement. Cases in which there was a disagreement between
readers were reviewed by the senior author.

Results

Four hundred and twenty-six MRI examinations were
returned in the original report database search.

After reports and imaging were reviewed, 38 examinations
were positive for acute pectoralis muscle injury on shoulder
MRI or on pectoralis MRI in patients who also had shoulder
MRI. This constituted the study group. There were 14 patients
who underwent both shoulder and pectoralisMRI who did not
have acute pectoralis major injury; this constituted the control
group.

The control group consisted of 11men and 3 women, mean
age 42 years (range 23–61 years). The “smoke sign” was
absent on shoulder MRI in all (14/14) cases.

The study group consisted of 37 men and 1 woman, mean
age 38 years (range 18–72 years). 24/38 (63%) were humeral

avulsions, 4/38 (11%) were tendon tears, 8/38 (21%) were
myotendinous junction injuries, and 2/38 (5%) were intramus-
cular injuries.

The smoke sign was present on shoulder MRI in 24/24
(100%) humeral avulsions, 4/4 (100%) tendon tears, 4/8
(50%) of myotendinous junction injuries, and 0/2 (0%) intra-
muscular injuries (Figs. 1, 2, 3, 4, 5, and 6).

The “smoke sign” was absent in 6/38 cases of confirmed
pectoralis injury. These cases were re-reviewed and showed
the following. In 3 cases, readers were not in agreement as to
whether the “smoke sign” was present and injury was con-
firmed on pectoralis MRI to be at the junction between the
tendon and muscle belly (myotendinous junction). The
“smoke sign” was absent in 3 additional cases in which
pectoralis injury was confirmed on pectoralis MRI; the injury
was located at the junction between the tendon and muscle
belly (myotendinous junction) in two cases and at the intra-
muscular myotendinous junction in the third.

Pooled sensitivity, specificity, and negative and positive
predictive value for the “smoke sign” were 86%, 100%,
76%, and 100%. When only tendon tears and avulsions were
assessed, this rose to 100%, 100%, 100%, and 100%. Kappa
coefficient showed a strong agreement between readers and
was 0.922 for the presence of the sign on coronal oblique
images and 0.876 on sagittal oblique images.

Fig. 3 A 51-year-old man with
clinically suspected pectoralis in-
jury. a Coronal-oblique, b sagit-
tal-oblique, and c axial fluid-
sensitive images from routine
shoulder MRI. d Axial fluid-
sensitive image from pectoralis
MRI. Coronal- and sagittal-
oblique, fluid-sensitive sequences
show the “smoke sign” (open
white arrow) related to edema/
hemorrhage lateral and anterior to
coracobrachialis/short head bi-
ceps tendon, respectively (arrow-
heads). Axial images from
pectoralis MRI shows avulsed
and medially retracted pectoralis
major tendon (white arrow); this
was not seen on the routine
shoulder sequences
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Fig. 4 A 33-year-old man with
clinically suspected right
coracoclavicular sprain. a
Coronal-oblique (top left) and
sagittal-oblique (top right) fluid-
sensitive images from routine
shoulder MRI are negative for the
“smoke sign” (open arrow). b
Axial fluid-sensitive images from
pectoralis MRI obtained the same
day shows intact distal pectoralis
tendon (white arrow, bottom left)
and pectoralis major injury at the
myotendinous junction (asterisk,
bottom right). In our series, the
smoke sign was present in 4/8
(50%) cases of pectoralis
myotendinous injury

Fig. 5 A 30-year-old man with
left chest wall pain while kayak-
ing. a Coronal-oblique (top left)
and sagittal-oblique (top right),
fluid-sensitive images from rou-
tine shoulder MRI are negative
for the “smoke sign” (open ar-
row). b Coronal-oblique (bottom
left) and axial (bottom right)
fluid-sensitive image from
pectoralis MRI obtained the same
day shows pectoralis major injury
at the myotendinous junction (as-
terisk). In our series, the smoke
sign was present in 0/2 (0%) cases
of pectoralis intramuscular injury

1877Skeletal Radiol (2021) 50:1873–1880



Surgical correlation was available in the electronic medical
record in only 8/38 examinations; the “smoke sign” was pres-
ent in all 8 surgically proven pectoralis injuries.

Discussion

Our study shows that the presence of the “smoke sign” was
100% sensitive and specific for acute humeral tendon avulsion
or pectoralis major tendon tear on shoulder MRI.

The “smoke sign” is related to the tracking of T2 hyperin-
tense signal (edema and/or hemorrhage) along the course of
the acutely injured pectoralis major tendon (Figs. 2 and 3).
Knowledge of the pectoralis major humeral insertional
anatomy helps us understand why this is the case. The
folded, bilaminar pectoralis major tendon, made from con-
verging clavicular and sternal head tendon fibers and mea-
suring approximately 5 cm mediolaterally [4], inserts on the
lateral crista of the intertubercular sulcus of the humerus,
lateral to the biceps tendon [4, 5], and anterior to the
coracobrachialis muscle and short head biceps tendon.
The proximal margin of the humeral footprint is located
4–5 cm distal to the articular margin of the greater [6, 7]
and is routinely included in the larger field-of-view used for

the coronal- and sagittal-oblique planes of routine shoulder
MRI (Fig. 7).

The humeral insertion has also been reported to be at the
level of, or within 1.0–1.5 cm inferior to, the quadrilateral
space on axial images [8]. This is often at least partially in-
cluded in the axial plane at our institution (Fig. 2) and allows
for detection of proximal tendon injuries; however, because of
the craniocaudal length of the footprint (4–6 cm) [4], the de-
gree of imaging coverage in this plane is variable and rarely
complete.

The pectoralis major myotendinous junction is located at
approximately the level of the deltopectoral groove [8], and
these myotendinous injuries, located medial to the
coracobrachialis/short head biceps, are expected to be associ-
ated with more medial intramuscular edema and not manifest
a “smoke sign” (Figs. 4 and 5); not surprisingly, the sensitivity
and specificity of this sign were lower for injuries at the
myotendinous junction. Similarly, the smoke sign was not
present in intramuscular injuries as edema related to these
more medial injuries was confined to the muscle in our series
(Fig. 6).

To our knowledge, we are the first to study the “smoke
sign”—soft tissue edema lateral and anterior to the short head
biceps/coracobrachialis on coronal oblique and sagittal

Fig. 6 An 18-year-old male with
right shoulder and chest wall in-
jury approximately one week ago.
a Coronal-oblique (top left) and
sagittal-oblique (top right), fluid-
sensitive images from routine
shoulder MRI are negative for the
“smoke sign” (open arrow). b
Axial fluid-sensitive image (bot-
tom left) from pectoralis MRI
obtained the same day shows in-
tact distal pectoralis tendon (white
arrow), and coronal-oblique fluid-
sensitive image (bottom right)
shows pectoralis major muscle
strain (asterisk)
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oblique images—as a secondary sign of acute pectoralis major
injury on routine shoulder MRI. Other secondary signs have
been described but not specifically studied. Lee et al. [8] de-
scribed anterior displacement of the biceps tendon and fluid
signal surrounding the biceps tendon in their study of 5 cases
of pectoralis major rupture. Godoy et al. [9] evaluated the
significance of the presence of peri-bicipital hematoma on
MR done for pectoralis major injury in 46 patients who had
pectoralis major injury. This triangular shaped, fluid-like T2
signal was seen on axial images, contacted greater than 180
degrees of the biceps tendon cross section and had a base at
the humerus, and correlated with full thickness, complete tears
of the pectoralis major tendon (Fig. 2).

Strengths

Radiologic signs are time-saving memory devices that as-
sociate visual patterns with imaging findings or diagnoses.
Aptly named for soft tissue edema lateral and anterior to the
short head biceps/coracobrachialis on coronal-oblique and
sagittal-oblique images with the appearance of a curl of
smoke, we show that the “smoke sign” can be a useful
and memorable secondary sign of acute pectoralis major
tendon injury, a potentially unsuspected injury on shoulder
MRI.

Limitations

This study is limited by small sample size, but the number of
included subjects is similar to or greater than previously pub-
lished studies on pectoralis major injury [3, 9]. Injuries else-
where, including partial tears of the lower tendon fibers, were
not encountered in our study group and therefore were not
evaluated. There was a limited number of controls (negative
for pectoralis major injury on both shoulder and pectoralis
MRI), as necessitated by the need to ensure that cases negative
for the “smoke sign” truly had no pectoralis major injury.
Therefore, it was also not possible to age and sex match the
control and study groups; however, mean age, age range, and
sex ratio were similar for the groups. Surgical correlation was
only available for a small subset of patients.

Because of the nature of the database search, other cases of
potential causes of edema in this region were not included.
The pectoralis major’s humeral insertion (lateral lip of
intertubercular groove) is in close proximity to the insertions
of two other muscles: teres major onto the medial lip and
latissimus dorsi onto the floor of the intertubercular groove.
Compared to pectoralis major injuries, however, injuries of
teres major and latissimus dorsi are rare [10], and none of
our cases involved these muscles. Both muscles are located
deep to the coracobrachialis/short head biceps complex, and
therefore injury would be expected to result in posterior/
medial edema rather than the anterior/lateral edema seen in
pectoralis major injuries. Indeed, Pedret et al. reported four
cases of latissimus dorsi strain injury in elite athletes; in one
of their cases, injury-related edema was posterior to the
coracobrachialis/short head biceps.

Conclusion

While dedicated pectoralis MRI remains the preferred method
for imaging pectoralis injury, the presence of the “smoke sign”
on routine shoulder MRI can serve as an easy to recognize
“smoke signal” to alert you to the possibility of a pectoralis
major tendon injury. Detection of this sign on routine shoulder

Fig. 7 Anatomy of the pectoralis major muscle. The pectoralis major
muscle arises from two heads, a clavicular head (CH) and a sternal head
which is segmented into 6 or7 segments (S1–S7). The tendon fibers
converge to form a folded bilaminar tendon which inserts on the lateral
crista of the intertubercular sulcus of the humerus. The clavicular head
fibers and the upper sternal fibers make up the anterior layer of the folded
tendon (AT); the lower sternal fibers make up the posterior layer of the
tendon (PT) and extend more proximal than the anterior tendon at its
humeral insertion. Note the superior margin of the tendon, which has
been found to be 4–5 cm from the greater tuberosity articular margin in
cadaveric studies; this is in the region of the humeral head-neck junction/
metaphysis which is included in the field-of-view for the coronal- and
sagittal-oblique MR shoulder images, and often partially included in the
axial images. Injuries in this study were described as occurring at the
humeral insertion, intra-tendinous (tendon tear) or at the myotendinous
junction (at the junction of the muscle belly and tendon), and intramus-
cular myotendinous injury. Coracoid process (C) is indicated in the fig-
ure; this is the site of bone origin of the coracobrachialis and short head
biceps tendon which lie deep to the pectoralis major tendon. Blue dotted
line outlines the humeral head and neck and its positionwith respect to the
humeral insertion of the pectoralis tendon
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MRI should prompt careful evaluation of the pectoralis major
tendon on the axial images and recommendation for dedicated
pectoralis imaging for confirmation and full injury
characterization.
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