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Radiological Assessment 
of the Shoulder

Üstün Aydıngöz

10.1  Introduction

Radiology has several roles in the assessment and 
management of shoulder disorders. First and 
foremost, it gives important clues about the 
underlying conditions or the exact cause of shoul-
der pain, which, frequently along with restricted 
range of motion, is the most common symptom 
of this joint. Second, radiological imaging pro-
vides guidance in selecting treatment choices as 
well as determining the type and extent of sur-
gery to be performed in problems such as rotator 
cuff tears and bony Bankart lesions. Third, imag-
ing is an important tool in the assessment of the 
glenohumeral and/or acromioclavicular joints 
following treatment or surgery. Last but not the 
least, radiology can also be used directly in the 
treatment of some conditions (e.g., 
ultrasonography- guided lavage of calcific depos-
its in calcific tendinitis) and for the intra-articular 
injection of anesthetics and/or corticosteroids.

10.2  Radiological Modalities 
and Techniques of Shoulder 
Imaging

Radiological armamentarium available for the 
shoulder joint includes radiography, arthrogra-
phy, ultrasonography, computed tomography, 
and magnetic resonance imaging. Each of these 
modalities has special roles and techniques 
employed in the assessment of shoulder condi-
tions ranging from traumatic to degenerative and 
inflammatory to neoplastic. Selection of the 
imaging modality to be used and determination 
of the technical aspects of the radiological exami-
nation depend on the nature of the underlying 
condition and/or presenting symptom of the 
patient. It is therefore of crucial importance to 
provide the radiologist with correct, relevant, and 
sufficient clinical information at the time of 
requesting these procedures. Sometimes, the 
radiologist might change or fine-tune the modal-
ity or technique in view of the patient character-
istics or presumptive diagnosis.

10.2.1  Radiography

Similar to its use elsewhere in the musculoskele-
tal system, radiography is usually the first-line 
imaging tool for the shoulder. Overall, a set of 
internal and external rotation anteroposterior 
(AP) views and a scapular Y view is a commonly 
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used combination [1]. Internal and external rota-
tion AP views profile the middle and superior 
facets of the greater humeral tubercle, and thereby 
the infraspinatus and supraspinatus tendon inser-
tions, respectively. Scapular Y view shows the 
glenoid joint surface en face, displaying the rela-
tionship of the humeral head with respect to the 
glenoid fossa. Axillary view, which also shows 
this relationship and profiles the glenohumeral 
joint, is not easy to obtain in the posttraumatic 
painful setting. If the arm cannot be sufficiently 
abducted for the classic axillary view, modifica-
tions to the axillary view, including the Velpeau 
view, can be made. Another variant of AP views 
is the Grashey view, which profiles the glenohu-
meral joint and is obtained while the patients 
rotate their body 45° with respect to the X-ray 
detector by distancing their contralateral shoul-
der away from the detector surface. I recommend 
replacing external rotation AP view with Grashey 
view in routine work-up of patients with shoulder 
pain as the latter profiles not only the glenohu-
meral joint but also the supraspinatus tendon 
insertion, and displays the critical shoulder angle 
(CSA), which was shown by multiple studies to 
be a relevant predictor for the development of 
either osteoarthritis or rotator cuff tears 
(Fig. 10.1) [2] (see Sect. 10.3.1).

10.2.2  Arthrography

X-ray arthrography has become practically obso-
lete in musculoskeletal imaging. However, imag-
ing guidance for intraarticular or parafascial/
peritendinous/intrabursal therapeutic injections 
entails the use of either X-rays or ultrasonogra-
phy. For the wrist, it is also important to follow 
during arthroscopic fluoroscopy the path of the 
injectate through joint compartments during 
stress maneuvers. For the shoulder joint, how-
ever, MR- and CT-arthrography has essentially 
replaced conventional X-ray arthrography.

10.2.3  Ultrasonography (US)

Ultrasonography is widely used in the assess-
ment of rotator cuff tendons and long head of the 

biceps tendon (LHBT). An experienced operator 
is essential for the best use of US in the shoulder. 
Awareness of the imaging and positioning pit-
falls, use of an appropriate transducer and rotat-
able chairs for the examiner and the patient, 
employment of specific positions of the patient’s 
arm and forearm for different structures, and 
examination of the contralateral side as needed 
are among the key points in shoulder US. Major 
downsides of shoulder US are its limited ability 
to show intraarticular structures such as the gle-
noid labrum, the glenohumeral ligaments and the 
joint cartilage, and its inability to display bone 
marrow.

10.2.4  Computed Tomography (CT)

Computed tomography, which provides detailed 
information about the bony structures of the 
shoulder in a few minutes, is mostly used in the 
shoulder joint to characterize and classify acute 
occult or complex fractures, and to identify a 
bony Bankart (or reverse Bankart) lesion as 
well as to assess the glenoid bony stock [3]. 

Fig. 10.1 Radiographic Grashey view is a 45° oblique 
anteroposterior projection that profiles the glenohumeral 
joint. Critical shoulder angle (CSA) forms between a line 
through the superior and inferior margins of the glenoid 
cavity and a line through the inferior glenoid margin and 
lateral acromial margin. Some studies suggest that a CSA 
>35° correlates with rotator cuff tears and a CSA <30° 
correlates with osteoarthritis of the glenohumeral joint [2]
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The latter is facilitated by the possibility of 
excluding the humeral head from three-dimen-
sional CT images [1]. When radiography is 
inconclusive for the assessment of shoulder 
arthroplasty complications, CT with metal arti-
fact reduction software can show conditions 
such as loosening, scapular notching, and het-
erotopic ossification [4].

10.2.4.1  CT-Arthrography
After MR-arthrography began to be extensively 
used in the early years of this century, CT arthrog-
raphy gained popularity, following its initial use 
in patients with MR-incompatible devices and 
claustrophobia (Fig.  10.2). CT arthrography 
might indeed be performed as a salvage proce-
dure when what started as an MR-arthrography 

a b

c

Fig. 10.2 CT-arthrography in a 59-year-old man, who 
could not undergo an MRI examination because of a car-
diac defibrillator (a, fluoroscopy image obtained during 
intraarticular injection). Coronal oblique (b) and sagittal 

oblique (c) reformatted CT-arthrography images show a 
delamination tear at the supraspinatus tendon (arrows) 
(perpendicular line on b refers to the section on c)
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procedure needs to be modified due to unantici-
pated claustrophobia or significant patient 
motion. In fact, cartilage lesions in the glenohu-
meral joint are detected on CT arthrography even 
better than on direct MR-arthrography [5]. 
CT-arthrography is also accurate in the detection 
of full-thickness and articular surface partial 
tears of the supraspinatus and infraspinatus, 
shows similar sensitivities and specificities with 
3 T MR-arthrography in the assessment of lesions 
of the proximal LHBT, effectively detects supe-
rior labrum anterior-to-posterior (SLAP) lesions, 
and distinguishes between normal variants affect-
ing the anterosuperior labrum and labral-bicipital 
complex [6].

10.2.5  Magnetic Resonance Imaging 
(MRI)

Magnetic resonance imaging is by far the most 
common cross-sectional imaging method used 
for the evaluation of shoulder joint. It superbly 
depicts all structures of the shoulder region rele-
vant to the practice of clinicians, be it an orthope-
dic surgeon, a rheumatologist, or a physical 
therapy and rehabilitation expert. Its ability to 
exquisitely show osseous structures (in condi-
tions like bone contusions, edema-like changes, 
and focal or infiltrative lesions) as well as soft 
tissues such as tendons, capsulolabral, and liga-
mentous structures makes MRI an excellent 
imaging tool for the assessment of the musculo-
skeletal system in general and the shoulder joint 
in particular. A novel imaging technique, called 
zero echo-time (ZTE) MRI, allows obtaining 
radiograph- or CT-like images during an MRI 
examination, making it easier in some cases to 
identify bony Bankart lesions and assess the gle-
noid track as well as bone stock [7, 8].

Many caveats related to MRI involve variant 
anatomy (see Sects. 10.3.1 and 10.4.1), imaging 
pitfalls [9, 10], and the possibility that some 
shoulder conditions might be encountered in 
asymptomatic persons (see Sect. 10.3.1). In other 
words, what appears to be a positive finding on 
MRI is not necessarily pathological or clinically 
significant.

The best use of MRI in the shoulder joint 
necessitates the use of a dedicated surface coil, 
optimal positioning of the arm, and forearm (usu-
ally lying alongside the patient’s body with the 
palm of the hand facing either the patient’s body 
or the ceiling—and not the examination table) 
with liberal padding to ensure avoidance of 
motion artifacts, and a tailored examination with 
imaging planes that best depict normal structures 
and their pathological conditions. Internal rota-
tion of the shoulder during MRI results in ante-
rior capsulolabral and ligamentous redundancy 
and can conceal tears at this region. Adding a 
sequence obtained in ABduction and External 
Rotation (ABER) would tension this region dur-
ing MR-arthrography of the shoulder, which 
already helps overcome such redundancy with 
intraarticular contrast distention of the glenohu-
meral joint (see Sect. 10.2.5.1).

10.2.5.1  MR-Arthrography
MR-arthrography can be performed in two ways: 
indirect or direct. Indirect MR-arthrography 
employs the use of an intravenously adminis-
tered contrast material, which diffuses into the 
glenohumeral joint in a few minutes during 
which the patients move their shoulder joint to 
facilitate the diffusion; magnetic resonance 
imaging then follows. Although it entails no 
need for the set-up of a fluoroscopy- or 
US-guided injection into the glenohumeral joint, 
indirect MR-arthrography suffers from the lack 
of distention of the joint in addition to the con-
trast enhancement of surrounding structures, 
which might mask some of the conditions inves-
tigated. Therefore, direct MR-arthrography, in 
which an injectate usually containing a gadolin-
ium-based contrast agent is injected into the 
shoulder joint under imaging guidance, is much 
more commonly used.

Direct MR-arthrography is the best imaging 
method for the overall assessment of shoulder 
joint including the rotator cuff tendons, capsulo-
labral and ligamentous structures, LHBT, and 
articular cartilage. Imaging sequences built into 
direct MR-arthrography also allow visualization 
of the muscles and bone marrow. Although 
recent studies have demonstrated gadolinium 
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deposition in the brain in patients with normal 
renal function following intravenous gadolin-
ium-based contrast agent administration, investi-
gators of a recent study found no MRI evidence 
of intracranial gadolinium deposition following 
MR-arthrography [11].

From a technical standpoint, MR-arthrography 
of the shoulder can be made using an anterior or 
preferably a posterior approach. Anterior 
approach runs the risk of contaminating the 
subacromial- subdeltoid bursa by way of inadver-
tently injecting into the subcoracoid bursa (these 
two bursae are connected in some patients): The 
subacromial-subdeltoid bursa could have been 
otherwise filled by a full-thickness supraspinatus 
and/or infraspinatus tendon tear and anterior 
injection might compromise the diagnosis of 
such a tear, especially when it is small.

Addition of the ABER sequence to 
MR-arthrography of the shoulder helps depict 
better some glenohumeral joint structures and 
surrounding tissues under a position relevant to 
several pathologic conditions. The abduction and 
external rotation position during this sequence 
tensions the anteroinferior glenohumeral liga-
ment and labrum and releases tension on the 
supraspinatus and infraspinatus relative to the 

normal coronal view obtained with the arm in 
adduction. Among the lesions better shown in 
this position are subtle partial-thickness articular 
sided tears of the supraspinatus and infraspinatus 
tendons (Fig. 10.3), subtle tears of the anteroinfe-
rior portion of the glenoid labrum (such as the 
Perthes lesion) and anterior band of the inferior 
glenohumeral band [12].

10.3  Imaging in Rotator Cuff 
Abnormalities

Rotator cuff muscles and tendons are best dis-
played on MRI or MR-arthrography. Radiographs 
are a useful adjunct in this regard and should be 
the first-line imaging tool. Ultrasonography is 
also being increasingly used in the assessment—
and sometimes during treatment—of rotator cuff 
abnormalities.

10.3.1  Rotator Cuff Tendonosis 
and Tendon Tears

Rotator cuff disorders are a major source of 
shoulder pain. Rotator cuff tendinopathy is an 

a b

Fig. 10.3 Perthes lesion (arrows) denoting a non- 
displaced tear of the anteroinferior labrum on a transverse 
fat-saturated T1-weighted MR-arthrography image (a) in 

a 29-year-old man is better depicted on the oblique fat- 
saturated T1-weighted image (b) obtained at the abduc-
tion and external rotation (ABER) position
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umbrella term that encompasses tendon tears and 
tendonosis (the latter covers both tendon inflam-
mation and degeneration). Tendonosis on MRI 
refers to the mild signal increase within a tendon 
which does not amount to fluid intensity, which 
usually means a tear. Although US has been vali-
dated for the assessment of rotator cuff tears with 
reported sensitivities and specificities that rival 
that of conventional MRI, it is with MRI that a 
more comprehensive evaluation of the shoulder, 
including more accurate appraisal of articular 
cartilage and labroligamentous structures as well 
as depiction of the bones, is possible [13]. A 
partial- thickness tear involves either the sub-
stance or the articular or, less commonly, bursal 
side of a rotator cuff tendon. Considering an 
expected thickness of 10–12  mm for a tendon, 
small and medium tears are 3  mm deep and 
3–6  mm deep, respectively, both involving less 
than 50% of tendon thickness [13]. Large partial- 
thickness tears, still non-communicating as the 
small and medium tears, involve greater than 
50% of tendon thickness. Delaminating tears are 
longitudinally oriented and involve the tendon 
substance, sometimes reaching the articular or 
bursal surface at one (commonly the distal) end 
(Fig. 10.4). Easily identified on MRI, such tears 

are difficult to visualize at arthroscopy. Although 
full-thickness tears by definition communicate 
between the articular and bursal sides of the cuff, 
a small percentage of them fail to show the char-
acteristic fluid or gadolinium-based contrast 
filled “communicating gap” appearance on MRI 
or MR-arthrography, respectively. Instead, there 
might be a heterogeneous T2 signal, likely due to 
inflammation with subsequent granulation tissue 
formation within the region of tear, volume aver-
aging pitfall of small tears, or coaptation of torn 
tendon edges [13]. The best practice on reporting 
MRI is to describe the location and three- 
dimensional extent of all rotator cuff tendon tears 
(partial or full thickness) (Fig. 10.5). As impor-
tant full-thickness rotator cuff tear descriptors on 
MRI, tear size, degree of tendon retraction, and 
degrees of atrophy and fatty infiltration of mus-
cles help guide surgical management [13]. 
Intramuscular “sentinel cysts” and humeral head 
cysts at or near the footprints of rotator cuff ten-
dons can help in the MRI diagnosis or suggestion 
of rotator cuff tears in cases with equivocal find-
ings. Anterior humeral cysts at the supraspinatus 
and subscapularis tendon insertions show a high 
correlation with rotator cuff disorders, whereas 
cysts at the infraspinatus tendon insertion and 
posterolateral “bare area” at the anatomic neck 
have little such correlation, are asymptomatic 
and likely related to vascular intrusions [14].

MRI findings of rotator cuff tendonosis and 
tears do not necessarily correspond to shoulder 
problems. In other words, asymptomatic persons 
can have rotator cuff tendonosis and tears on 
MRI. Up to 46% of entire population and nearly 
40% of persons over 60 years of age may have 
rotator cuff tears [15]. Up to 40% of elite over-
head athletes have partial or full thickness rotator 
cuff tears on MRI with no reported problems [16].

Subscapularis tendon evaluation on routine 
MRI is challenging. Although MR-arthrography 
is quite sensitive and specific for subscapularis 
tears, routine MRI has a lower sensitivity [13]. A 
four-step approach to subscapularis evaluation 
may improve the sensitivity of MRI: Start with 
transverse fluid-sensitive images, evaluate LHBT 
for evidence of subluxation, assess subscapularis 
fatty infiltration or atrophy on T1-weighted 

Fig. 10.4 Coronal oblique fat-saturated T2-weighted 
MR image shows a Partial thickness Articular-sided tear 
with INTratendinous extension (i.e., delamination, arrow; 
the so-called PAINT lesion) in the background of infraspi-
natus tendonosis
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images, and look for a tear on fluid-sensitive sag-
ittal oblique images [17].

MRI plays an important role in identifying the 
“novel lesion” of the infraspinatus, which is an 
isolated atraumatic rupture of the interstitial 
infraspinatus (Fig.  10.6) [18]. Visualization of 
such tears is challenging at arthroscopy, they may 
progress to severe atrophy, and MRI guidance is 
essential in surgical intervention.

Assessment of the muscle stock associated 
with rotator cuff tears is an important contribu-
tion of radiological imaging. Goutallier et  al.’s 
staging, which was described on CT and later 
modified by Fuchs et al. for MRI, and the tangent 
method on MRI are routinely used in the evalua-
tion of rotator cuff muscle quality and quantity, 
respectively [19, 20].

Degenerative rotator cuff disease can manifest 
itself on radiographs with entheseal changes at the 
tendon insertions such as osteopenia, bony sclero-
sis, surface irregularity, and cyst formation [14]. 
Acromion morphology based on T1-weighted 
sagittal oblique MRI may be inferiorly flat, curved 
(most common), hooked (associated with 
increased incidence of impingement), or convex 

(upturned). Reporting on MRI of an os acromiale 
is important; when unreported and if unstable, 
this unfused ossification center, which normally 
appears at around 15 years of age and fuses by the 
age of 25  years [9], might compromise rotator 
cuff surgery. Critical shoulder angle (CSA) inte-
grates two risk factors of rotator cuff tears by 
quantifying the extent of acromial coverage of the 
humerus and the inclination of the glenoid [2]. As 
a simple and highly reproducible parameter, CSA 
is a promising—yet controversial—tool for dis-
criminating between rotator cuff tears and osteo-
arthritis (Fig. 10.1). Pre- and postoperative CSA 
measurements also appear to be useful for assess-
ing the retear risk [2]. Unfortunately, routine MRI 
(without an isotropic 3D gradient echo or the 
recently introduced ZTE sequence) is not conve-
nient for the measurement of CSA, which is read-
ily displayed on an appropriately obtained 
radiographic Grashey view (see Sect. 10.2.1).

Postoperative evaluation of the shoulder for a 
retear is mostly made with MRI or, better, 
MR-arthrography. A 1.5 Tesla (T) system should 
be preferred over 3 T MRI equipment as artifacts 
created by surgical implants are more problem-

a b

Fig. 10.5 Coronal oblique (a) and sagittal oblique (b) fat-saturated T2-weighted MR images show a full-thickness tear 
of the supraspinatus tendon with size measurements
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atic on the latter. Metal artifact reduction 
sequences need to be employed. CT-arthrography 
or US may need to be substituted for MRI in the 
postoperative setting. Repair does not provide a 
“watertight” cuff and subacromial–subdeltoid 
bursal fluid, which might even communicate into 

this bursa from the glenohumeral joint during 
MR-arthrography, is not necessarily abnormal 
[21]. Repaired tendon can appear heterogeneous 
and thin on MRI (Fig. 10.7). Edema-like signal 
can be seen at the humeral head. Fluid-filled 
defect within the tendon suggests “retear.”

a

c

b

d

Fig. 10.6 Coronal oblique (a) and sagittal oblique (b–d) 
fat-saturated T2-weighted MR images show a retracted 
(arrow, a) delaminated intrasubstance (arrows, c, d) tear 
of the infraspinatus tendon (the “novel” lesion), associ-

ated with myotendinous junction edema (a, b) in a 
24-year-old man who felt sudden pain during weightlift-
ing. Such tears might not be seen on arthroscopy
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10.3.2  Rotator Cuff Tear Arthropathy

Massive tears of the rotator cuff can result in rota-
tor cuff tear arthropathy, which has characteristic 
imaging findings on radiography and MRI.  The 
acromiohumeral interval is narrowed (<7  mm) 
with superior migration of the humeral head, prox-
imal humerus is “femoralized” because of the 
repetitive hitting of the greater tubercle to the acro-
mion in the absence of a buffering rotator cuff, and 
“acetabularization” (rounding) of the coracoacro-
mial arch occurs as an adaptation (Fig. 10.8) [22]. 
The resulting secondary osteoarthritis of the gle-
nohumeral joint, with a more superiorly conspicu-
ous joint cartilage loss, is usually different from 
primary shoulder osteoarthritis.

Although technically challenging to repair, 
massive rotator cuff tears are not necessarily 
irreparable. However, static superior migration 
of the humeral head, along with a narrowed or 
absent acromiohumeral interval and fatty infil-
tration affecting 50% or more of the rotator cuff 
muscles, is among the signs of irreparability 
and currently rotator cuff tear arthropathy is a 
major indication for reverse total shoulder 
arthroplasty [22].

With a massive rotator cuff tear, glenohumeral 
articular and subacromial-subdeltoid bursal fluid 
may gain access to the acromiohumeral (AC) 
joint through an eroded inferior AC joint capsule. 
This fluid can then traverse the AC joint to present 
as a cystic mass overlying the AC joint under the 
skin. This finding on MRI is called “the geyser 
sign” and suggests rotator cuff tear arthropathy.

10.3.3  Milwaukee Shoulder

The very rare unique combination of glenohu-
meral joint effusion with hydroxyapatite crystal 
deposition, rotator cuff tear(s), and rapidly 
destructive arthropathy is known as “Milwaukee 
shoulder” (Fig.  10.9). This condition is classi-
cally seen in the dominant hand side over 60 years 
of age and predominantly females. When bilat-
eral, this condition is almost always more 
advanced on the dominant side. Although shoul-
der involvement is more common, the knees and 
the hips can also be affected [23, 24].

10.3.4  Adhesive Capsulitis (Frozen 
Shoulder)

Although adhesive capsulitis is typically a clinical 
diagnosis made on the basis of patient’s history 
and physical examination, rotator cuff abnormali-
ties and osteoarthritis can sometimes cause similar 
symptoms and signs, therefore necessitating imag-
ing to rule it in or out. On MRI, findings sugges-
tive of adhesive capsulitis include pericapsular 
fibroinflammatory changes with thickening of the 
joint capsule at the axillary pouch (≥4 mm) or the 
rotator interval, along with thickening of the cora-
cohumeral ligament (≥4  mm on MR arthrogra-
phy) and obliteration of the subcoracoid fat 
triangle (Fig. 10.10) [25, 26]. According to a recent 
study, capsular thickness on MRI in the humeral 
portion of the axillary recess correlates with pain 
intensity and is greatest at the first of four clinical 
stages; obliteration of the subcoracoid fat triangle 
is also more frequent in the earlier stages [27].

Fig. 10.7 Coronal oblique fat-saturated T2-weighted 
MR image shows a repaired supraspinatus tendon without 
retear. Repaired tendon can appear heterogeneous and 
thin on MRI
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a b

c d

Fig. 10.8 Anteroposterior radiograph in external rotation 
(a), coronal oblique fat-saturated T2-weighted (b) and 
sagittal oblique T1-weighted (c) MR images of a 77-year- 
old woman show a decreased acromiohumeral distance 
due to a chronic massive rotator cuff tear, “femoraliza-

tion” of the humeral head (a, b), and “acetabularization” 
of the coracoacromial arch (c), findings characteristic of 
rotator cuff tear arthropathy. Later, the patient underwent 
reverse total shoulder arthroplasty (d)
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a b

c d

Fig. 10.9 Anteroposterior (AP) radiograph (a), trans-
verse CT (b), and coronal (c) fat-saturated T2-weighted 
MR images show destruction of the glenohumeral joint 
and a large effusion with calcifications (a, b) in a 53-year- 
old woman, who presented with right shoulder pain and 
swelling. Active range of motion was severely limited. 

She had had no recent trauma to the shoulder area. Joint 
aspirate revealed hydroxyapatite crystals. An AP chest 
radiograph from 7 months earlier (d) was unremarkable 
for this region. Current condition of the patient is there-
fore consistent with a “Milwaukee shoulder.” (Case cour-
tesy of Zeynep Maraş Özdemir, MD, Malatya, Turkey)
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10.3.5  Calcific Tendinitis

Calcific tendinitis is characterized by the deposi-
tion of hydroxyapatite crystals within the ten-
dons, most commonly of the rotator cuff. Patients 
are usually middle aged (between 30 and 
60 years). Although this condition is usually self- 
healing with spontaneous resolution of the cal-
cific deposits and surrounding inflammation over 
time, it may cause chronic moderate-to-marked 
pain with functional disability.

Magnetic resonance imaging exquisitely 
shows calcific deposits surrounded with soft tis-
sue or bone inflammation. It is important to cor-
relate the findings on MRI with radiography as 
small deposits might be subtle. For small depos-
its at the distal aspects of rotator cuff tendons, 
T1-weighted sagittal images are especially useful 
as tendons at this location are otherwise suscep-
tible to the so-called magic angle phenomenon 
and would not usually display the hypointensity 
that could have masked such deposits. The novel 

a b

c

Fig. 10.10 Coronal oblique (a) and sagittal oblique (b) fat-
saturated T2-weighted, and T1-weighted (c) MR images 
show thickening and edema of the joint capsule (inferior 
glenohumeral ligament) at the axillary pouch (a, arrow), 

and obliteration of the subcoracoid fat triangle by fibroin-
flammatory changes (arrows, b, c). The coracohumeral 
ligament is also mildly thickened (arrowhead, b). All of 
these findings are consistent with adhesive capsulitis
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ZTE sequence also exquisitely displays such cal-
cifications on MRI.

Migration of the calcific deposits into the bur-
sae, humerus, and into the muscle belly can also 
occur and is easily depicted on MRI or CT 
(Fig. 10.11). Such migrated deposits and their sur-
rounding inflammation can also subside over time.

Ultrasonographic appearance of calcific 
deposits are classified as hard (hyper-reflexive 
nodule with a well-circumscribed dorsal acous-
tic shadow), soft (well-circumscribed, homoge-
neous hyperechoic foci without posterior 

shadow), and fluid (hyperechoic peripheral 
rim  with hypoechoic/anechoic center) [28]. 
Ultrasonography-guided percutaneous irriga-
tion of calcific deposits is a valid treatment 
option as it is less invasive, quicker and with 
less post- procedural complication in compari-
son to arthroscopic removal (Fig.  10.12) [28]. 
Although different US-guided techniques and 
approaches have been reported using one or two 
needles of different sizes to remove calcium, no 
definite evidence exists in favor of using a spe-
cific size or number of needles [28].

a b

c

Fig. 10.11 Coronal oblique (a, b) and transverse (c) fat- 
saturated T2-weighted MR images show in three different 
patients migration of the calcific tendinitis deposits 

(arrows) into the humeral head, subdeltoid bursa, and 
infraspinatus muscle belly, respectively. Active inflamma-
tion surrounds the migrated deposits in each case
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10.4  Imaging in Shoulder Instability

Radiography is the first-line imaging tool in the 
assessment of shoulder instability. In the acute set-
ting, radiographs readily show the dislocation. 
Humeral head and glenoid fractures that are fre-
quently associated with shoulder dislocations are 

also displayed on the standard trauma series, which 
usually comprises an AP view (neutral or with 
internal/external rotation), the scapular Y view, and 
the axillary view (or one of its modifications). 
Nevertheless, CT with 3D reconstructions is widely 
used to quantify bone stock in deciding and plan-
ning surgery. Magnetic resonance imaging is the 

a b

c d

Fig. 10.12 Ultrasonography-guided percutaneous irriga-
tion (a) of a calcific deposit (arrow) that migrated into the 
subdeltoid bursa in a 71-year-old woman (needle, dashed 
arrow). Grashey projection radiographs before (b) and 

after (c) the procedure show nearly complete removal of 
the calcific deposit. Calcium deposits layer (arrow, d) in 
the syringe filled with the fluid that was withdrawn after 
irrigation with physiologic saline
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preferred cross-sectional imaging modality for the 
comprehensive assessment of bone and soft tissue 
lesions. Although MR-arthrography has little or no 
role in the acute setting (because of the usual pres-
ence of a joint effusion already creating an arthro-
graphic effect), it exquisitely demonstrates in later 
stages capsulolabral as well as bony injury and 
rotator cuff tendon tears that might be associated 
with shoulder dislocation. MR-arthrography has a 
sensitivity of 88%–96% and a specificity of 91%–
98% in the evaluation of glenoid labrum lesions 
[29]. In the last decade, the widespread availability 
of 3 T with improved image quality has somewhat 
decreased the use of MR-arthrography.

10.4.1  Anterior Instability

Concomitant bone injuries of the glenoid and 
humeral head, which are detected in up to 80% of 
patients with anterior shoulder instability, predis-
pose to recurrent episodes of anterior shoulder 
dislocation with a cumulative effect depending 
on size and location [29]. Both posterolateral 
humeral head impaction fracture (Hill-Sachs 
lesion) and, more importantly, anterior glenoid 
rim fracture are important to characterize and 
quantify preoperatively because of their impor-
tance in prognosis and surgical guidance.

Soft tissue lesions of anterior shoulder instabil-
ity include Bankart, Perthes, anterior labroliga-
mentous periosteal sleeve avulsion (ALPSA), 
glenoid labrum articular disruption (GLAD), and 
humeral avulsion of the (inferior) glenohumeral 
ligament (HAGL) lesions (Fig.  10.13). The most 
commonly torn rotator cuff tendon in anterior 
shoulder dislocation is the subscapularis [29]. In 
soft tissue Bankart lesions, which occur at the 
anteroinferior aspect of the glenoid (3–6 o’clock), 
both the labrum and its capsular insertion along 
with the glenoid periosteum are torn, and the 
labrum may be partially or completely detached 
from the glenoid rim. In a recent study, Bankart 
tears demonstrated on MR-arthrography fluid sig-
nal more often (92%) on T2-weighted images than 
gadolinium-based contrast signal (76%) on 
T1-weighted images, suggesting that resynovial-
ization could cause joint fluid to be trapped beneath 
the tear [29, 30]. Perthes lesion denotes a non-dis-

placed tear of the anteroinferior labrum and the 
inferior glenohumeral ligament (IGHL), whereby 
the glenoid periosteum remains intact. Since the 
labrum remains anatomically positioned, this 
lesion may be overlooked at arthroscopy. With the 
addition of ABER sequence to MR-arthrography, 
Perthes lesions become often more conspicuous 
(Fig. 10.3) [29]. GLAD lesion refers to the pres-
ence of articular cartilage injury (in the form of 
fibrillation, erosion, impaction, detachment, or 
delamination) adjacent to a non- displaced tear of 
the anteroinferior labrum. The periosteum and the 
IGHL usually remain intact. Both the HAGL 
lesion, characterized by humeral avulsion of the 
IGHL, and glenoid avulsion of the IGHL are exqui-
sitely shown on MRI or MR-arthrography. Either 
type of these lesions can sometimes present with a 
detached bony fragment at the humeral or glenoid 
side (radiography correlation is particularly useful 
since MRI might not readily show small bony frag-
ments). A “floating” anterior IGHL results from the 
rare occurrence of a HAGL lesion with a concomi-
tant anteroinferior capsulolabral tear [29].

It is more important and relevant for the radiolo-
gist to describe the injured structures and the extent 
of injury along with the presence of any displace-
ment rather than to furnish a pinpoint term-based 
diagnosis. Although anatomic variants such as a 
sublabral foramen (a gap between the anterosupe-
rior labrum and the glenoid) and the Buford com-
plex (cordlike thickening of the middle glenohumeral 
ligament in the absence of the anterosuperior 
labrum) can be seen on shoulder MRI, it is impor-
tant to realize that there is an association between 
these conditions and a superior labral tear likely due 
to increased stress on the bicipitolabral complex [9].

In anterior and anteroinferior dislocations, the 
Pico method, which utilizes a best-fit circle 
drawn on the glenoid joint surface on CT recon-
structions showing the glenoid en face, accu-
rately quantifies glenoid bone loss and is 
associated with recurrent dislocation when above 
20% (Fig. 10.14) [29].

With the better visibility of rotator cuff inser-
tion than on CT and the possibility of producing 
CT-like images with the recently introduced ZTE 
sequence [7, 8], MRI affords a better feasibility 
of determining whether the bipolar (i.e., humeral 
and glenoid) bone lesions (Hill-Sachs and bony 
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Bankart lesions, respectively) are “on-track” or 
“off-track” [29]. Bipolar bone lesions are consid-
ered “off-track” and at risk for engagement (i.e., 
recurrent dislocation and the need for revision 
surgery) if the Hill-Sachs interval (HSI) is greater 
than the glenoid track. HSI is composed of the 
Hill-Sachs impaction fracture width plus the 
intact bone bridge width between the Hill-Sachs 
lesion and the medial edge of the rotator cuff ten-
don insertion on transverse MR images. The gle-
noid track is given by the formula: 0.83 × (D–d), 

where D represents the diameter of the intact gle-
noid as outlined in a circle en face as in the Pico 
method, and d represents the amount of anterior 
glenoid bone loss (both in millimeters). Bone 
lesions associated with anterior instability are 
considered on-track and not at risk for engage-
ment (and recurrent dislocation) if the HSI is less 
than the glenoid track [29, 31]. The recom-
mended treatment strategy for on-track and off-
track lesions depending on the glenoid bone loss 
being <25% or ≥ 25% is different [31].

a b

c

Fig. 10.13 Transverse fat-saturated T2-weighted MR (a) 
and fat-saturated T1-weighted MR-arthrography (b, c) 
images show Bankart, Perthes, and anterior labroligamen-
tous periosteal sleeve avulsion (ALPSA) lesions (arrows) 

in three different patients. Conventional MRI in the 
patient with Bankart lesion (a) was obtained shortly after 
trauma and shows moderate joint effusion, obviating the 
need for an MR-arthrography (b, c)
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10.4.2  Posterior Instability

The much less common condition of posterior 
shoulder instability also has imaging findings. 
Radiographs can show an engaged posterior 
shoulder dislocation or its sequelae. Radiographic 
findings on AP projection include the absence of 
normal overlap of the humeral head and glenoid, 
the “lightbulb sign,” which denotes the fixed 
internal rotation of the humerus, and the “trough 
sign,” which refers to the double contour of the 
medial humeral head representing the long axis 
of a reverse Hill-Sachs fracture parallel to the 
normal medial cortex (Fig. 10.15) [14]. Reverse 
Hill-Sachs lesion (also known as McLaughlin 
lesion), which is an impaction fracture at the 
anteromedial aspect of the humeral head and 
reverse bony Bankart lesion at the posteroinferior 
glenoid rim are usually better seen on CT and 
MRI. If more than 30% of the articular surface is 
involved in a reverse Hill-Sachs lesion or when 
there are associated injuries of the posterior cap-
sulolabral ligamentous structures, the risk of 
instability increases [32]. Soft tissue lesions 
associated with posterior dislocation include 
reverse Bankart lesion, posterior labrocapsular 

Fig. 10.14 Imaging-based pre-operative assessment of 
the glenoid stock utilizes a best-fit circle drawn on the gle-
noid joint surface on a three-dimensional CT reconstruc-
tion showing the glenoid en face, which in this patient also 
features a bony Bankart lesion (arrow)

a b

Fig. 10.15 A neutral anteroposterior radiograph of the 
shoulder (a) displays the “trough sign,” created by the 
double contour of the medial humeral head representing 
the long axis of a reverse Hill-Sachs fracture parallel to 

the medial cortex (arrows). Transverse MR image (b) in 
another patient, who likewise sustained a posterior shoul-
der dislocation, shows an engaging reverse Hill-Sachs 
lesion

10 Radiological Assessment of the Shoulder



118

periosteal sleeve avulsion (POLPSA), and Kim 
lesion, which is a superficial tear between the 
posterior glenoid labrum and glenoid articular 
cartilage without labral detachment.

Glenoid dysplasia, which is a congenital 
abnormality likely resulting from underdevelop-
ment of the inferior glenoid ossification center, 
predisposes to posterior instability. In this 
 condition, the scapular neck and the humeral head 
can be hypoplastic and humeral neck can display 

varus deformity. MRI shows a dysplastic poste-
rior glenoid with compensatory hypertrophy of 
the posterior cartilage and/or labrum (Fig. 10.16a). 
Glenohumeral dysplasia due to obstetric brachial 
plexus palsy produces MRI findings that can be 
observed in infants as young as 3 months [33] and 
include retroversion of the glenoid cavity, devel-
opmental delay, posterior translation/subluxation 
of the humeral head, and atrophy of the rotator 
cuff muscles (Fig. 10.16b, c).

a c

b

Fig. 10.16 Transverse fat-saturated T2-weighted MR 
image (a) shows a dysplastic posterior glenoid (arrow) in a 
young adult. A composite fat-saturated proton-density MR 
image showing both shoulders (b) and a coronal 
T2-weighted MR image (c) show left-sided glenohumeral 

dysplasia due to obstetric brachial plexus palsy in an infant 
with lower cervical spinal nerve root avulsions that resulted 
in meningeal cysts/diverticula (arrow, c). Note retroversion 
of the left glenoid cavity with subluxation of the left 
humeral head and atrophy of the rotator cuff muscles (b)
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10.5  Imaging in Some Other 
Shoulder Conditions

10.5.1  Long Head Biceps Tendon 
Lesions

Long head of the biceps tendon (LHBT) lesions 
occur most commonly at the subacromial part of 
this tendon (i.e., at the rotator interval) and they 
are an important pain generator. Since clinical 
tests are often equivocal, imaging plays an impor-

tant role in ascertaining these lesions. One com-
monly encountered lesion on shoulder MRI is 
LHBT tendonosis either by itself or in combina-
tion with rotator cuff conditions. A systematic 
review of the literature showed that chronic 
LHBT tendinopathy is associated with chronic 
supraspinatus tendinopathy [34]. It is imperative 
to follow the LHBT on all three MRI planes as it 
courses around the humeral head to insert on the 
supraglenoid tubercle (Fig. 10.17).

a b

c

Fig. 10.17 Transverse (a), coronal oblique (b), and sag-
ittal oblique (c) fat-saturated T2-weighted MR images 
show tendonosis of the long head biceps tendon (LHBT, 

arrows). Note also tendonosis of the supraspinatus tendon 
(dashed arrow, b)
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MR-arthrography superbly shows the LHBT 
and its supporting structures (mainly the biceps 
pulley) [35]. Biceps pulley is defined either 
somewhat narrowly as the ligamentous sling con-
sisting of the CHL and SGHL (Fig.  10.18) or 
more broadly as the entire stabilizing structure 
for LHBT consisting of the CHL, SGHL, and 
upper border of the subscapularis tendon as well 
as the anterior border of the supraspinatus ten-
don. Biceps pulley guides and stabilizes the 
LHBT during its deflection from the intraarticu-
lar horizontal segment to the extraarticular verti-
cal portion. It prevents medial subluxation of the 
LHBT, along with which it also stabilizes the 
shoulder against superior translation. The latter is 
especially important in patients with supraspina-
tus tendon tears.

It is important to realize that shape variations 
and slightly eccentric position of LHBT within 
the humeral groove on MRI can also be seen in 

healthy volunteers [36]. Medial subluxation of 
the LHBT usually implies a subscapularis tendon 
lesion and biceps pulley tear. This finding on 
MR-arthrography is highly specific but not very 
sensitive [35]. The signs of nonvisibility or dis-
continuity of the SGHL and caudad and/or ante-
rior displacement of the LHBT relative to the 
subscapularis tendon on MR-arthrography have 
higher sensitivity (with quite high specificity) for 
biceps pulley tears.

Biceps pulley lesions are often associated with 
supraspinatus and/or subscapularis tendon tears 
and SLAP tears. Therefore, all relevant structures 
need to be carefully assessed on MR-arthrography 
images. LHBT can dislocate superficial or deep 
to the subscapularis tendon, depending on which 
pulley components are torn (Fig. 10.19) [37].

10.5.2  Distal Clavicular Osteolysis

As a recognized cause of shoulder pain, distal cla-
vicular osteolysis can mimic physical examina-
tion findings—as well as symptoms—of rotator 
cuff injury and labral tears, with which it can co-
exist [38]. It typically follows an acute traumatic 
incident or, more commonly, chronic repetitive 
stress to the acromioclavicular joint (usually 
related to weightlifting and overhead sports). 
Initial radiographs may be normal; later periosti-
tis, resorption, and/or osteopenia at the distal clav-
icle can be seen. This condition is seen on MRI as 
a stress reaction in the form of bone marrow 
edema/contusion sometimes accompanied with a 
frank stress fracture (Fig. 10.20a), before charac-
teristic osteolysis of distal clavicle (Fig. 10.20b) is 
visible on conventional radiographs.

10.5.3  Nerve Compression or 
Entrapment

Suprascapular nerve compression or entrapment at 
the levels of suprascapular or spinoglenoid notches 
can result in denervation changes at the supraspina-

Fig. 10.18 Biceps pulley and the intraarticular portion of 
the long head biceps tendon (LHBT). Sagittal T1-weighted 
MR-arthrography image shows the coracohumeral liga-
ment (CHL, white arrow) and the superior glenohumeral 
ligament (SGHL, black arrow) anteriorly enveloping the 
biceps tendon long head (asterisk)
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tus and infraspinatus muscle bellies or only infra-
spinatus muscle belly, respectively (Fig. 10.21).

Teres minor denervation changes on MRI 
have an incidence of 3% (Fig.  10.22) [39]. 
Quadrilateral space syndrome results from the 
compression of axillary nerve or one of its major 
branches in the quadrilateral space, affecting the 
deltoid and/or teres minor. Axillary nerve is sus-

ceptible to injury not only in its segment at the 
quadrilateral space but also as it courses around 
the glenoid and posterior capsule and can be 
injured by repetitive microtrauma associated 
with humeral head instability [13]. Preservation 
of teres minor muscle bulk and function is an 
important prognostic factor in reverse shoulder 
arthroplasty and tendon transfers [40].

a b

c

Fig. 10.19 Craniocaudally consecutive transverse fat- 
saturated proton-density MR images (a–c) show a medi-
ally dislocated long head biceps tendon (LHBT, arrows) 

crossing the torn distal portion of the subscapularis tendon 
(dashed arrows)
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a b

Fig. 10.20 Transverse fat-saturated T2-weighted MR 
image (a) displays a subchondral insufficiency fracture 
(arrow) surrounded with bone marrow edema-like signal. 
Anteroposterior radiograph in internal rotation (b) shows 

resorptive changes (arrow) characteristic of distal clavicu-
lar osteolysis in another patient who displayed distal cla-
vicular bone marrow edema-like changes on MRI

a b

Fig. 10.21 Coronal oblique (a) and sagittal oblique 
T2-weighted (b) MR images show a paralabral cyst cen-
tered at the level of the spinoglenoid notch causing supra-

scapular nerve compression that resulted in denervation 
changes at the infraspinatus muscle (arrows), sparing the 
supraspinatus
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10.5.4  Enchondroma

Differentiating an enchondroma from a low- 
grade chondrosarcoma affecting the appendicular 
skeleton (proximal to the metacarpals and meta-
tarsals) is challenging even for pathologists, who 
take into account parameters such as cellularity, 
number of mitoses, and cellular atypia. Some 

radiological features can be helpful in these 
instances. Deep endosteal scalloping more than 
two-thirds of the cortex is associated with an 
increased risk of malignancy (Fig.  10.23) [41]. 
Other clinical and imaging features that favor 
chondrosarcoma include pain related to the 
lesion, cortical destruction and soft-tissue mass, 
periosteal reaction, and marked uptake of radio-
nuclide (greater than the anterior iliac crest) at 
bone scintigraphy. MRI is the best imaging 
modality to follow up cartilage matrix lesions 
after treatment with curettage and cementing.

10.6  Conclusion

Radiological assessment is essential in address-
ing a wide range of shoulder problems. The com-
bination of radiography with MRI and/or 
MR-arthrography is the most commonly used set 
of imaging tools. Computed tomography is use-
ful for further assessment of fractures and dislo-
cations and helps in surgical planning. Zero 
echo-time (ZTE) imaging, which is a recently 
introduced MRI sequence producing CT-like 
images, may obviate the need to obtain additional 
or complementary CT for glenoid stock estima-
tion and glenoid track assessment. 
CT-arthrography needs to be considered when-
ever there is a contraindication for 
MR-arthrography. Ultrasonography is used in the 
shoulder mostly for the evaluation of bursitis, 
rotator cuff and LHBT abnormalities, as well as 
for guidance during MR- and/or CT-arthrography, 
and percutaneous irrigation of calcific tendinitis.

Fig. 10.22 Sagittal oblique T1-weighted MR image 
shows isolated atrophy of the teres minor (arrow) with 
Goutallier stage 2 (or Fuchs grade 2) fatty infiltration in a 
43-year-old man who sustained a fall several months ear-
lier. A branch of the axillary nerve might have been injured
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a b

c d

Fig. 10.23 An incidental lesion with stippled calcifica-
tion in the proximal left humerus metaphysis was encoun-
tered on a posteroanterior chest radiograph (a). Coronal 
T1-weighted pre- (b) and post-contrast (c), and sagittal 
oblique fat- saturated T2-weighted (d) MR images show a 

lesion with chondroid matrix that features ring and arc 
type enhancement (c) and internal calcifications. The thin-
ning of the cortex medially (arrows, b–d) suggests malig-
nancy (i.e., low-grade chondrosarcoma)
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