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MRI of Shoulder Disorders
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The human shoulder provides an important balance of mobility 
and stability, permitting loading and power transfer under a great 
variety of positions and situations critical to normal daily activity, 
sport, and occupational tasks. Consequently, shoulder disorders 
are an important cause of disability, lost productivity [1], sick-
leave costs, and healthcare costs [2].

Shoulder symptoms are highly prevalent, with about half of 
adults experiencing at least one episode of shoulder pain on a 
yearly basis [3]. In addition to sporting injury and acute trauma, 
shoulder injury may occur due to work-related stresses, such as 
heavy lifting, working above shoulder height, repetitive move-
ments, vibration, and suboptimal postures [4, 5]. Rotator cuff in-
jury should also be considered in patients following acute trauma, 
with a substantial incidence in patients presenting to emergency 
departments with shoulder pain and negative radiographs follow-
ing trauma [6]. Rotator cuff disease increases in prevalence with 
age, with about 10% prevalence in patients under 20 years of age, 
and 60% in patients over 80 years of age [7].

In recent years, increasing numbers of patients are presenting 
with rotator cuff injury and are undergoing surgical repair of rota-
tor cuff tears with reasons cited including increased diagnostic ca-
pability of imaging techniques, increased numbers of orthopedic 
surgeons trained in arthroscopy, and a growing number of older 
and physically active patients [8, 9]. Despite the increased health-
care cost incurred by increased surgical intervention, economic 
models show an overall societal cost savings associated with sur-
gical repair of full thickness rotator cuff tears [10]. Physical ther-
apy is an important adjunctive and sometimes alternative therapy 
for rotator cuff tears [11].

With the high prevalence of shoulder disorders and cost-ef-
fective management requiring accurate diagnosis, awareness of 
shoulder MRI protocols, anatomy, and diagnostic approaches are 
essential for the practicing radiologist.

Imaging Protocol
In general, MRI protocols of the shoulder at Beth Israel Dea-

coness Medical Center fall into two categories: MRI arthrogram, 
performed when labral pathology is a primary clinical concern, 
and unenhanced MRI shoulder (without arthrogram) in all other 

cases. Where there is a specific question of bone or soft-tissue 
mass, imaging protocols are different and include the use of IV 
gadolinium, with imaging planes and FOV optimized to the sus-
pected mass. Soft tissue and bone mass imaging are beyond the 
scope of this review.

MRI Arthrogram
Before MRI, intraarticular injection of gadobutrol (Gadovist, 

Bayer Schering Pharma) diluted with saline (1:200) is performed 
in the fluoroscopy suite. Then, within a short time period (gener-
ally less than 20 minutes) the patient undergoes MRI. The proto-
col includes fat-suppressed T1-weighted imaging in three planes 
to maximize the contrast-to-noise ratio provided by intraarticular 
contrast. Coronal T1-weighted and fat-suppressed T2-weighted im-
aging completes the protocol. Fat-suppressed T2-weighted images 
provide fluid sensitivity, permitting assessment of marrow edema 
and periarticular fluid including bursal fluid distention and acro-
mioclavicular effusion. T2-weighted images also allow detection of 
tendinosis and bursal and intrasubstance rotator cuff tears, which 
are relatively occult on T1-weighted images. T1-weighted images 
provide an assessment of normal bone marrow signal and muscle 
quality. Of note, coronal images are angled obliquely, paralleling 
the plane of the supraspinatus, prescribed with reference to the axial 
images. Full MRI arthrogram parameters are shown in Table 1.

MRI Shoulder (Without Arthrogram)
This protocol comprises an initial axial proton density (PD)-

weighted series with fat suppression, with relatively long TE com-
pared with conventional PD, of about 35–40 ms. This intermediate 
weighting provides relatively good fluid sensitivity and increases 
the contrast-to-noise ratio for cartilage evaluation. Prescribed with 
respect to the axial images, oblique coronal fat-suppressed T2-
weighted images are then acquired, parallel to the long axis of the 
supraspinatus as seen on axial images. At our institution, coronal 
PD images are no longer acquired due to limited utility in rotator 
cuff evaluation due to the magic angle effect [12, 13]. Finally, sagit-
tal T1 and fat-suppressed T2-weighted images are prescribed, or-
thogonal to the coronal oblique images. This provides an evaluation 
for normal bone marrow and also permits assessment of rotator cuff 
muscle quality. Full MRI parameters are shown in Table 2.
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Shoulder Anatomy
In this section, anatomy will be de-

scribed in the order in which it is routinely 
reviewed by the author, to facilitate sys-
tematic approach to interpretation.

Long Head of Biceps Tendon
This is seen on axial images as a round or 

ovoid low–signal-intensity structure within 
the intertubercular groove, between the 
greater and lesser tuberosities. The tendon 
is deep to the transverse ligament, a super-
ficial extension of the distal subscapularis 
fibers. The tendon often has a small amount 
of fluid around it within the biceps tendon 
sheath. On occasion, a low–signal-intensity 
structure is seen extending from the biceps 
sheath to the tendon itself – this is an em-
bryologic remnant related to invagination of 
the developing tendon sheath by the tendon 
itself, referred to as the biceps mesotendon. 
Superior to the intertubercular groove, the 
tendon curves through the rotator interval 
between the supraspinatus and subscapu-
laris tendons into the shoulder joint (intraar-
ticular portion) to merge with the superior 
glenoid labrum (biceps-labral anchor) and 
attach at the supraglenoid tubercle. The 
tendon within the rotator interval and its in-
traarticular portions are best seen on sagittal 
and coronal images.

Subscapularis
This is well seen using a combination of 

axial and sagittal images. The muscle origi-
nates from the anterior surface of the scapu-
lar body and passes laterally to form a broad 
tendon, which attaches into the lesser tuber-
osity. The myotendinous junction of the sub-
scapularis tendon is more laterally positioned 
at the inferior fibers compared with the mid 
and superior fibers. The inferior fibers there-
fore have a more muscular insertion than the 
tendinous insertion of the superior fibers. The 
tendon should be evaluated on axial images 
where it is seen in the long axis as well as 
sagittal images where it is assessed in the 
short axis. As with other tendons, in normal 
circumstances, the tendon usually has a quite 
uniformly low signal on all sequences.

Supraspinatus
This originates from the supraspinatus 

fossa at the superior aspect of the scapula, 
above the scapular spine. The tendon at-

taches to the anterior portion of the greater 
tuberosity over an anterior-to-posterior dis-
tance of about 2 cm. The tendon is well seen 
on coronal images in its long axis, and sagit-
tal fluid-sensitive images are invaluable for 
assessment of tear morphology and size. 
One challenge in evaluation of the supra-
spinatus tendon is the varied position and 
orientation of the tendon depending on the 
patient’s internal and external shoulder po-
sition. Ideally, the patient should be scanned 
in a neutral position, with the palm facing 
anteriorly. Excessive rotation can lead to 
the tendon being outside the plane of the 
oblique coronal images. It is essential to be 
cognizant of the effect of patient position on 
the supraspinatus tendon position relative to 
other structures. One helpful safeguard is to 
always commence assessment of the tendon 
from the anterior-most aspect of the greater 
tuberosity, immediately posterior to the bi-
ceps tendon. This helps avoid the pitfall of 

missing isolated anterior leading-edge su-
praspinatus tears.

Infraspinatus
The infraspinatus originates along the 

posterior aspect of the scapula, inferior to 
the scapular spine. The tendon inserts on 
the posterior-superior aspect of the greater 
tuberosity. The anterior infraspinatus ten-
don fibers merge with posterior supraspina-
tus fibers at their insertion. This portion of 
overlap is referred to as the conjoint tendon. 
The infraspinatus fibers can be recognized 
by the direction of fiber orientation, extend-
ing from the more-posterior infraspinatus 
myotendinous junction. The appearance 
can vary somewhat depending on degree of 
shoulder rotation. As on evaluation of the 
supraspinatus, sagittal images are important 
to characterize and localize infraspinatus 
tendon tears and to distinguish anatomically 
from the adjacent supraspinatus fibers.

TABLE 2: MRI Shoulder (Without Arthrogram) Parameters

Sequence TR/TE FOV (cm2) ST (mm) Matrix

Axial PD FS 3000/35 12–14 3.5 256 × 256

Coronal T2 FS 4000/65 12–14 3.5 256 × 256

Sagittal T2 FS 4000.65 12–14 4.0 256 × 256

Sagittal T1 450/9 12–14 4.0 256 × 256

Note–PD = proton density, FS = fat-suppression, ST = slice thickness.

TABLE 1: MRI Arthrogram Parameters

Sequence TR/TE FOV (cm2) ST (mm) Matrix

Axial T1 FS 600/9 12–14 3.5 256 × 256

Coronal T1 FS 600/9 12–14 3.0 256 × 256

Sagittal T1 FS 600/9 12–14 3.5 256 × 256

Coronal T2 FS 5000/65 12–14 3.0 256 × 256

Coronal T1 450/9 12–14 3.5 256 × 256

Note–FS = fat-suppression, ST = slice thickness.

Fig . 1—Coronal fat-suppressed T2-weighted 
image shows diffusely increased signal intensity 
within infraspinatus tendon (arrow) due to 
tendinosis.
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Teres Minor
The teres minor originates from the 

inferior aspect of the posterior scapula, 
inferior to the infraspinatus origin, with 
a tendon extending laterally to insert on 
the inferior aspect of the posterior greater 
tuberosity. The tendon is relatively small 
compared with the remaining rotator cuff 
tendons and is seldom injured in isolation.

Rotator Cuff Muscles
The rotator cuff muscles are usually in-

termediate in signal on T1- and T2-weight-
ed images, with the myotendinous junc-
tions forming laterally, and extending into 
their tendons. Muscle atrophy and dener-
vation are discussed later in this chapter. 

Subacromial Bursa
This is a thin synovial-lined potential space 

located superficial to the rotator cuff tendons. 
This contains minimal to no fluid under nor-
mal circumstances, and there is a thin layer of 
fibroadipose tissue superficial and deep to it.

Glenoid Labrum
The labrum is a ringlike fibrocartilagi-

nous structure that encircles the rim of the 

glenoid, deepening and adding stability to 
the glenoid. The labrum is triangular when 
viewed in cross section and is best assessed 
on axial and coronal images. The labrum is 
typically tightly in apposition with the gle-
noid cartilage. There are some important 
normal variations of labral anatomy to be 
aware of. At the anterior aspect of the su-
perior labrum, there may be an anatomic 
recess or foramen between the labrum and 
the glenoid, termed the sublabral recess 
or sublabral foramen, respectively. These 
variants are usually located anterior to the 
biceps-labral anchor and may extend into 
the anterior-superior labrum but not below 
the mid anterior labrum. Normal sublabral 
recesses are smooth and parallel the glenoid 
cortex, extending from inferolateral to su-
peromedial in direction. A further variant 
is a Buford complex, whereby the anterior 
labrum is developmentally very diminutive 
and anterior stability is supported by an en-
larged middle glenohumeral ligament. This 
should not be mistaken for a labral tear.

Glenohumeral Joint
Under normal circumstances, a smooth 

layer of cartilage is present at the glenoid 

and humeral head. A small volume of fluid 
is contained within the joint physiological-
ly. The glenohumeral synovium is usually 
thin, smooth, and imperceptible on unen-
hanced MRI. The shoulder is supported by 
glenohumeral ligaments superiorly, anteri-
orly (the middle glenohumeral ligament), 
and inferiorly.

Acromioclavicular Joint
This synovial joint is a simple diarthro-

dial joint with thin synovium and mini-
mal fluid under normal circumstances. A 
capsule connects the distal clavicle to the 
acromion. Stability is assisted by coraco-
clavicular ligaments extending from the 
coracoid process of the scapula to the un-
dersurface of the clavicle.

Tendon Disorders
Tendinosis

Healthy human tendons are composed 
of tightly packed parallel bundles of col-
lagen fibers with minimal cellularity in the 
form of tenocytes. This explains the normal 
hypointensity of tendons on T2-weighted 
imaging. Tendinosis is a condition in which 
degeneration occurs as a consequence of 

A

D

Fig . 2—Rotator cuff tears.
A, Coronal fat-suppressed T2-weighted image shows retracted tear of supraspinatus tendon 
(arrow), which is displaced medially from its insertion on greater tuberosity (asterisk).
B, Coronal fat-suppressed T2-weighted image shows partial-thickness tear of bursal-sided fibers of 
supraspinatus tendon (arrow). Note presence of thickening and increased signal intensity of inferior 
glenohumeral ligament, indicating adhesive capsulitis (arrowhead).
C, Coronal fat-suppressed T2-weighted image shows fluid signal undercutting articular surface of 
supraspinatus tendon (arrow), representing articular-sided partial-thickness tear.
D, Coronal fat-suppressed T2-weighted image shows linear high signal (arrowheads) within 
substance of supraspinatus tendon, parallel to long axis of tendon, longitudinal intrasubstance tear.

B C
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overuse. In this scenario, there is micro-
scopic collagen bundle discontinuity and 
disorganization. There is a histologic in-
crease in mucoid ground substance within 
the tendon, and tenocytes expand and 
become more chondroid in appearance 
(termed “fibrocartilaginous metaplasia”). 
Increased fibroblastic cells are seen in ad-
dition to capillary proliferation [14]. These 
changes lead to an increase in water content 
and therefore an increase in signal (Fig. 1) 
on T2-weighted images [15, 16]. Of note, 
inflammatory cells are absent in tendinosis, 
so the term tendinitis is not accurate for this 
condition. An important and well-known 
pitfall in interpretation is artifactual signal 
increase on short TE sequences (T1 and 
proton density) when a tendon is at a 55° 
angle to the main magnetic field [12]. This 
is related to dipolar interactions between 
water protons in tendon tissue, resulting in 
T2 relaxation time lengthening [13].

Rotator Cuff Tendon Tears
Rotator cuff tears (Fig. 2) may occur as 

a result of factors including chronic degen-
eration and microtrauma and extrinsic com-
pression or impingement of the subacromial 
space [17]. Rotator cuff tendon tears may 
be full thickness, extending through the 
entire short axis of the rotator cuff tendon 
from the articular to the bursal surface, or 
partial thickness, involving the bursal or ar-

ticular side of the tendon only. The diagno-
sis of rotator cuff tear on MRI is primarily 
made based on abnormal increased signal 
on fluid-sensitive images, generally close to 
fluid signal [16, 18, 19]. Detection of tendon 
tears on fluid-sensitive imaging is aided by 
using fat suppression, which increases soft-
tissue contrast [20]. In the case of full-thick-
ness tears, the increased signal can bridge 
between the glenohumeral articular space 
and the subacromial-subdeltoid bursa. The 
diagnosis can be more challenging when 
granulation tissue is associated with the 
tear, potentially obscuring small full-thick-
ness and partial tears. In this setting, assess-
ing morphology of the rotator cuff tendons 
is important; signs can include surface con-
tour deformity, myotendinous retraction, 
and associated subacromial-subdeltoid bur-
sitis [16]. In difficult cases, MR arthrogra-
phy can confirm small full-thickness tears 
otherwise obscured by fibrotic tissue [21]. 
Bony changes of cortical irregularity at the 
greater tuberosity can provide additional 
suspicion for an underlying rotator cuff tear, 
with a 75% positive predictive value for the 
presence of an associated full- or partial-
thickness rotator cuff tear [22].

Rotator cuff full-thickness tears may oc-
cur in various patterns [23, 24]. Tears can 
occur at the insertion or footprint of the 
rotator cuff or more proximally, frequently 
about 1 cm proximal to the bony insertion, 

an area sometimes referred to as the critical 
zone. Evaluation of rotator cuff tendon tear 
location, pattern, and extent is important in 
determining surgical or conservative man-
agement. Most commonly, the tear occurs 
in the short axis of the tendon, in a trans-
verse tear pattern. An L-shaped tear can oc-
cur when a transverse tear is combined with 
a longitudinal-oriented tear component. 
With retraction of fibers from the insertion 
of the rotator cuff tendons, a U-shaped pat-
tern can occur, which is relatively difficult 
to surgically repair.

Massive rotator cuff tears can be defined 
as those that measure greater than 5 cm or 
represent a complete tear of two or more 
tendons [25]. When chronic, these tears are 
associated with marked rotator cuff muscle 
atrophy and have poor surgical outcomes. 
In some cases of massive rotator cuff tear, 
a bridging appearance can be seen where 
the retracted tendon ends of two adjacent 
torn tendons adhere to each other, forming 
a bridge between the two tendons, for ex-
ample in the setting of combined subscap-
ularis and supraspinatus tendon tears [26].

Partial-thickness tears involve just one 
surface of the tendon, either bursal (super-
ficial), or articular (deep), without extending 
through the entire tendon substance. The 
depth of a partial-thickness tear should be 
quantified. This can be graded according to 
the Ellman classification whereby tears are 

Fig . 3—Sagittal T1-weighted image shows 
rotator cuff muscle atrophy of varying severity. 
Supraspinatus muscle (arrowhead) shows mild 
loss of volume and increased fat deposition 
(Goutallier grade 1). Infraspinatus muscle 
(arrows) shows severe atrophy with marked 
fatty replacement (Goutallier grade 4).

Fig . 4—Coronal STIR image shows paralabral 
cyst (arrow) within spinoglenoid notch. Mass 
effect on suprascapular nerve in this location 
results in selective denervation of infraspinatus 
muscle (arrowheads), showing increased signal 
early in course of denervation.

Fig . 5—Coronal proton density–weighted 
image shows large ovoid area of low signal 
(arrowheads) within infraspinatus tendon, 
corresponding with calcium deposition in 
setting of calcific tendinitis.
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classed as grade 1 if less than 3 mm, grade 2 
if 3–6 mm, grade 3 if greater than 6 mm [27, 
28]. Grade 3 tears typically involve more 
than half of the tendon. In general, tears of 
50% or more are considered for surgical re-
pair, although in some cases, more shallow 
tears may be helped by arthroscopic debride-
ment [29, 30]. A subtype of articular-sided 
partial-thickness tears is the rim-rent tear, 
which refers to a tear at the articular side of 
the supraspinatus tendon, located at the ten-
don footprint on the greater tuberosity [31, 
32]. This type of tear is most commonly seen 
in athletes who engage in overhead throwing 
activities. It is essential to review each rota-
tor cuff tendon on short-axis imaging in ad-
dition to its long axis to maximize detection 

and localization of small tears; for example, 
assessment of the supraspinatus on oblique 
sagittal images [33]. The accuracy of MRI 
for diagnosing partial tendon tears is less 
than that for full-thickness tears [34, 35]. 
Small but symptomatic partial articular-sid-
ed rotator cuff tears can be better depicted by 
MRI arthrography, with direct delineation of 
the tear defect by intraarticular contrast [28, 
36, 37].

A discrete subtype of a partial tear is 
an interstitial or otherwise termed intrasu-
bstance tear. In this case, the tear is confined 
to within the substance of the tendon, with-
out necessarily surfacing at the bursal or 
articular side of the tendon. This tear may 
be occult on arthroscopy and also on MR ar-

thrography unless fluid-sensitive images are 
acquired in addition to T1-weighted images 
and thus has also been referred to as a con-
cealed interstitial delamination tear [32]. 
This tear generally extends along the long 
axis of the involved tendon and often ex-
tends to the tendon footprint. Intrasubstance 
tears can be isolated or may communicate 
with partial-thickness bursal, articular, or 
full-thickness tears [38].

Rotator Cuff Muscles
Muscle Atrophy

Atrophy can be the end result of a variety 
of processes, but it most commonly occurs as 
a result of rotator cuff tears. The mechanism 
of muscle atrophy in this setting is likely a 

A

D

Fig . 6—Superior labral anterior-to-posterior (SLAP) tears.
A, Type I SLAP tear. Coronal fat-suppressed T1-weighted MR arthrogram image shows irregularity and fraying of surface of superior glenoid labrum (arrow).
B, Type II SLAP tear. Coronal fat-suppressed T1-weighted MR arthrogram image shows linear high signal undermining superior labrum (arrow). Note 
superolateral orientation of signal away from glenoid.
C, Type III SLAP tear. Coronal T2-weighted image shows high signal transversely oriented within superior labrum (arrow), separating labrum into 
superior and inferior components.
D, Type IV SLAP tear. Coronal fat-suppressed T1-weighted MR arthrogram image shows contrast extending laterally in superior labrum (arrow) toward 
long head of biceps tendon.
E, Type IV SLAP tear. Sagittal fat-suppressed T1-weighted MR arthrogram shows contrast representing extension of superior labral tear into long head 
of biceps tendon (arrow).

B
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complex effect at a molecular level due to 
the loss of the normal stimulus of mechanical 
loading as well as secondary effects on the 
suprascapular nerve [39]. In general, atro-
phic muscle undergoes a decrease in volume 
and replacement of muscle signal with fatty 
tissue to a varying extent, depending on the 
severity of atrophy (Fig. 3). Muscle atrophy 
can be graded in a semiquantitative manner 
in accordance with the Goutallier grading 
system [40], originally described for assess-
ment of rotator cuff muscle on CT but widely 
adopted to MR evaluation. The grading is as 
follows: grade 0, no fatty deposits; grade 1, 
some fatty streaks; grade 2, more muscle 
than fat; grade 3, as much muscle as fat; and 
grade 4, less muscle than fat.

Detection of muscle atrophy is essential 
when assessing rotator cuff tears, since pre-
surgical fatty degeneration of rotator cuff 
muscles is associated with poor surgical 
outcomes and higher retear rates. Recent 
work has also explored the use of chemical-
shift imaging to provide quantitative assess-
ment of fatty muscle atrophy, permitting 
calculation of fat fraction and providing 
potentially more precise and reproducible 
measurement [41].

Muscle Denervation
Signal changes early in the clinical 

course of denervation are dominated by in-
creased signal intensity of the denervated 
muscle (Fig. 4), which is related to altered 

muscle cell membrane permeability, and 
enlargement of the intramuscular capillary 
bed [42]. Denervation also causes proteol-
ysis in skeletal muscle, leading to reduced 
bulk and replacement of muscle tissue 
with fat. Denervation of shoulder muscles 
is not infrequently encountered and fol-
lows distinct patterns depending on the 
nerve involved and the location [43]. The 
suprascapular nerve passes though fibroos-
seous tunnels in the suprascapular notch 
and spinoglenoid notch. Entrapment can 
occur because of masses, trauma, or liga-
ment hypertrophy. Large paralabral cysts 
related to an underlying glenoid labral 
tear may result in compression of the su-
prascapular nerve, most commonly at the 

A

D

Fig . 7—Labroligamentous injuries.
A, Bankart tear. Axial fat-suppressed MR arthrogram image shows contrast undercutting anterior inferior glenoid labrum (arrow), with detachment of 
periosteum.
B, Anterior labroligamentous periosteal sleeve avulsion. Axial fat-suppressed MR arthrogram image shows medial displacement of anterior inferior 
labrum (arrow) remaining attached to periosteum.
C, Perthes lesion. Axial fat-suppressed MR arthrogram image shows contrast undercutting anterior inferior labrum (arrow) but labrum remains attached 
to glenoid by intact periosteum (arrowhead).
D, Glenoid labral articular disruption. Axial fat-suppressed MR arthrogram image shows contrast undercutting glenoid cartilage (arrow) in association 
with adjacent anterior–inferior glenoid labral tear.
E, Humeral avulsion of inferior glenohumeral ligament (IGHL). Coronal fat-suppressed T2-weighted image shows torn IGHL (arrow) from its humeral 
attachment leading to abnormal J-shaped configuration. Note fluid extending though inferior joint capsule (arrowhead).
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spinoglenoid notch. With more proximal 
compression of the suprascapular nerve 
there is secondary denervation of both the 
supraspinatus and infraspinatus muscles, 
with signal and morphologic changes oc-
curring solely in those muscles. More dis-
tal nerve compression on the other hand, at 
the level of the spinoglenoid notch, leads 
to isolated denervation of the infraspina-
tus. Another pattern of denervation around 
the shoulder is axillary nerve compression 
in the quadrilateral space. The quadrilater-
al space is bound laterally by the humerus, 
medially by the triceps, superiorly by the 
teres minor, and inferiorly by the teres 
major. Quadrilateral space syndrome rep-
resents compression of the axial nerve in 
this space, resulting in denervation of the 
deltoid and teres minor muscles. Finally, 
Parsonage Turner syndrome is an idiopath-
ic condition that can present with shoulder 
pain and weakness and results in denerva-
tion changes in muscles supplied by the 
brachial plexus, including the rotator cuff 
and shoulder girdle [44].

Calcific Tendinitis
Calcific tendinitis of the rotator cuff is 

an acute painful condition resulting from 
idiopathic deposition of hydroxyapatite 
crystals in the rotator cuff tendons or the 
adjacent subacromial-subdeltoid bursa. 
Symptoms may resolve spontaneously but 
in some cases become chronic. Calcific 
deposits can usually be readily identified 
on plain radiographs, unless obscured by 
overlapping structures, as may be the case 
with deposits anteriorly in the subscapularis 
tendon (unless an axial view is obtained). In 
many cases, the diagnosis is not suspected 

clinically and the patient may present for 
MRI without a radiograph for correlation, 
so familiarity with the appearance of this 
entity on MRI is important. On MR images, 
calcific deposits can be seen as hypointense 
foci, usually well-circumscribed, oblong, 
and varying in size (Fig. 5). They are of-
ten associated with swelling of the tendon 
and subacromial-subdeltoid bursitis, with 
wall thickening and increased fluid within 
the subacromial-subdeltoid bursa [45]. In 
some cases, there can be involvement of 
the adjacent bone with cortical erosion and 
extension into the underlying marrow with 
associated bone marrow edema [46]. In 
this scenario, the process can be mistaken 
for malignancy, but the signal pattern and 
correlation with radiographs can assist in 
reaching the correct diagnosis.

Labral Disorders
The diagnosis of labral disorders is im-

proved by using MR arthrography over 
unenhanced MRI [47]. Based on the low 
incidence of isolated rotator cuff disorders 
without additional labral injury in younger 
patients and the high incidence of inciden-
tal degenerative tearing in older patients, 
some advocate the use of MR arthrography 
routinely in younger patients [48].

Superior Labral Anterior-to-Posterior 
Tears

Superior labral anterior-to-posterior 
(SLAP) tears (Fig. 6) can have variable 
morphology and extent and were initially 
classified into four subgroups [49, 50]. Type 
I is fraying of the articular surface of the 
glenoid labrum. This is visualized on MR 
arthrogram as irregularity of the superior 

labral articular surface. Type II is stripping 
of the superior labrum and attached biceps 
from the glenoid. In this subtype, contrast 
undercuts the superior labrum at the gle-
noid-labral junction and is frequently seen 
as a laterally oriented abnormal signal on 
coronal oblique images. Type III is a buck-
et-handle tear of the superior labrum. This 
type of tear is characterized by signal on 
coronal images extending laterally through 
the superior labrum. A labral fragment may 
displace inferiorly into the joint (a bucket-
handle fragment). This tear, however, spares 
the long head of biceps tendon. Type IV is a 
bucket-handle tear involving the long head 
biceps tendon. This tear is similar to type III 
with lateral tear extension, but in this case 
the tear propagates into the long head of bi-
ceps tendon origin.

Many other subtypes have been subse-
quently described [51], but accurate de-
scription of morphology and extent of su-
perior labral tears is generally considered 
more important than the application of more 
extensive classifications in clinical practice.

It is important to recognize the com-
mon normal variation of a sublabral recess 
at the superior labrum [52]. This recess 
consists of a potential space undermining 
the superior labrum located at the anterior 
half of the superior labrum. It is not seen 
posterior to the long head of biceps origin. 
The recess is smooth in contour and ex-
tends superomedially for a depth of up to 
about 14 mm. Recognition of the morphol-
ogy and orientation of this variant is key 
to avoid misdiagnosis as SLAP tear [53]. 
Differentiation is most challenging for 
type II SLAP tears. Lateral orientation of 
high signal on oblique coronal images on 

A

Fig . 8—Bone lesions.
A, Axial in-phase T1-weighted MR image shows 
bone marrow (arrow) relatively low in signal but 
higher in signal than surrounding muscle.
B, Axial out-of-phase T1-weighted MR image 
shows marked signal loss compared with in-
phase image (A), compatible with mixture of fat 
and water within bone marrow voxels (arrow), 
typical for hematopoietic red marrow.

B
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MR arthrography in addition to anterior-
to-posterior orientation on axial images are 
helpful features in the diagnosis of a tear 
rather than a normal recess [54].

Bankart Injuries
Almost 100 years ago, Bankart de-

scribed an injury of the anterior glenoid 
labroligamentous complex with variable 
glenoid bony involvement occurring as a 
result of traumatic anterior glenohumeral 
dislocation and resulting in chronic in-
stability [55]. In the classic Bankart in-
jury, the labrum is torn from its glenoid 
attachment, including avulsion of the 
periosteum. This can be well depicted on 
CT or MRI arthrogram with contrast un-
dercutting the torn labrum. A variant of 
this injury is the anterior labral periosteal 
sleeve avulsion lesion, where the anterior 
inferior labrum is torn and displaced me-
dially along the glenoid rim with inferior 
rotation [56]. In this case, the periosteum 
remains attached to labrum and bone but 
is stripped and displaced medially in a 
sleevelike fashion. Finally, a Perthes lesion 
consists of an anterior-inferior labral tear 
with intact but stripped periosteum; correct 
diagnosis of this tear subtype can be chal-
lenging because it may be inconspicuous if 
nondisplaced or may be mischaracterized 
as a classic Bankart lesion [57]. Imaging 
with the patient in abduction and external 
rotation of the shoulder may improve di-
agnostic accuracy for Perthes lesions [58].

In patients with Bankart injuries (Fig. 
7), CT can provide a useful adjunct to eval-
uate the extent of bony glenoid injury, and 
when performed with intraarticular con-
trast (CT arthrography) can provide accu-
rate assessment of labral, ligamentous, and 
cartilaginous injury in addition to bony in-
jury characterization [59]. On both CT and 
MRI, bony injury to the posterior-superior 
humeral head may be observed (Hill-Sachs 
injury) in patients who have undergone an-
terior dislocation of the shoulder. In addi-
tion to bony glenoid injuries, there may be 
combined labral and cartilage injuries, this 
combination is termed glenolabral articu-
lar disruption [60].

The glenohumeral ligaments provide ad-
ditional important stabilization of the shoul-
der, and injury due to anterior dislocation 
may contribute to recurrent shoulder insta-

bility. In particular, the inferior glenohumer-
al ligament (IGHL) is a primary stabilizer 
in the abducted, externally rotated shoulder. 
The IGHL is composed of anterior and pos-
terior bands with an axillary pouch between 
these bands. The normal appearance of 
the IGHL on coronal MR images is a low-
signal, U-shaped structure. In the setting of 
humeral avulsion of the IGHL, high signal 
interrupts the humeral attachment (Fig. 7e) 
and the ligament takes on a J-shaped config-
uration [61]. On arthrography, intraarticular 
contrast may extend through this defect in 
the joint capsule. There may be an associ-
ated bony avulsion from the humerus. In 
some cases, a Bankart-type labral tear may 
be associated, leading to detachment of the 
IGHL both medially and laterally, termed a 
floating anterior IGHL [62]. Alternatively, 
the IGHL may fail at its glenoid attach-
ment or within its substance [48]. Injury of 
the IGHL is important to recognize, as fail-
ure to include this in surgical management 
can result in incomplete surgical repair and 
symptom recurrence after surgery. Associ-
ated injuries are common; in particular, sub-
scapularis tears are commonly associated.

Long Head of Biceps Disorders
Similar to other tendons, the long head 

of the biceps tendon is prone to degenera-
tion (tendinosis) and tearing. Tendinosis is 
identified by the detection of increased sig-
nal intensity within the tendon, often asso-
ciated with thickening of the tendon. Tear-
ing may be partial, or may be complete, in 
which case distal retraction is frequently 
observed, leading to an empty bicipital 
groove on axial images. It should be not-
ed that long-head biceps tendon disorders 
have an association with rotator cuff inju-
ry, particularly of the subscapularis and su-
praspinatus tendons [63]. Inflammation of 
the biceps tendon sheath may also produce 
anterior shoulder pain and is evidenced on 
imaging as increased fluid within the ten-
don sheath. In addition to tears, the long 
head of the biceps tendon may undergo 
medial dislocation. This is typically in 
association with subscapularis tendon in-
jury [64]. The resultant malposition of the 
tendon with respect to the subscapularis 
depends on the pattern of associated sub-
scapularis injury. When the subscapularis 
tendon is completely torn, the long head 

of the biceps tendon is usually displaced 
deep to the subscapularis. With oblique 
full-thickness tears of the subscapularis, 
the tendon may be deep to the subscapu-
laris superiorly, interdigitate with the sub-
scapularis midfibers, and superficial to the 
inferior subscapularis fibers.

Bone Lesions
Many bone lesions can potentially oc-

cur about the shoulder. A description of the 
myriad of potential lesions is beyond the 
scope of this review, but it is important to be 
vigilant in reviewing the bony structures of 
the shoulder in every case, as shoulder pain 
can be a presenting complaint for lesions 
ranging from primary to secondary neo-
plasm and clinically may be mistaken for 
a soft tissue injury. A common conundrum 
encountered on MRI of the shoulder is areas 
of heterogeneous marrow noted incidental-
ly, raising concern for an underlying bone 
lesion. In many cases, areas of relatively 
low signal can be attributed to hematopoi-
etic red marrow. To make this diagnosis, it 
is essential to review T1-weighted images 
without fat suppression (which should be 
included in the imaging protocol). On rou-
tine T1-weighted images, hematopoietic 
marrow is usually hyperintense to skeletal 
muscle [65]. Chemical-shift imaging can 
be used in problematic cases to confirm the 
diagnosis of hematopoietic marrow. Typi-
cally, hematopoietic bone marrow signal is 
lower on opposed-phase T1-weighted im-
ages when compared with in-phase images 
(Fig. 8). This can be assessed quantitatively 
as a relative signal ratio, defined as the le-
sion to muscle ratio on opposed-phase di-
vided by lesion to muscle ratio on in-phase 
images, respectively. Red marrow will usu-
ally have a relative signal intensity ratio of 
less than 0.8 [66].

Conclusion
MRI shows high accuracy in diagnosing 

causes of shoulder pain, including rotator 
cuff injuries, glenohumeral or acromio-
clavicular arthropathy, and labral tears. 
Pretest evaluation to establish the clinical 
differential diagnosis permits appropriate 
imaging technique planning. In view of the 
high sensitivity of MRI and high preva-
lence of shoulder disorders in adult popu-
lations, clinical evaluation remains central 



212 Body MRI

McMahon

to determining patient management and in-
tegrating the clinical relevance of findings 
on shoulder MRI [67]. The decision re-
garding the need for surgical intervention 
is personalized to individual patients, with 
specific regard to patient activity level and 
demographics in addition to consideration 
of imaging patterns of injury [68].
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