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Fundamentals in Shoulder 
Radiology

Ceylan Colak and Carl S. Winalski

14.1	 �Introduction

The prevalence of shoulder pain in the general 
population ranges from 16 to 26% [1, 2]. Shoulder 
pain has various causes, including rotator cuff 
disease, adhesive capsulitis or “frozen shoulder,” 
shoulder instability, calcific tendinosis, and 
osteoarthritis. Overall, rotator cuff disease is the 
most common cause of shoulder pain, responsi-
ble for approximately 65–70% of shoulder pain 
cases [3]; the prevalence of this condition 
increases with increasing patient age [4].

Shoulder pathologies can be treated conserva-
tively or surgically, and imaging often helps to 
guide treatment planning. Common conservative 
treatments include physiotherapy, nonsteroidal 
anti-inflammatory drugs (NSAIDs), and therapeu-
tic intra-articular injections. The most common 
surgical approaches are arthroscopy and open sur-
gery. Imaging can help direct which approach is 
best in cases of surgery for cuff repair, labral 
repair, and shoulder arthroplasty (conventional 

total, reverse total shoulder, or hemiarthroplasty) 
[5]. When clinicians are determining the appropri-
ate treatment course, preoperative evaluation with 
imaging is essential. This article reviews normal 
shoulder anatomy, shoulder pathologies, and the 
appearance of these conditions on commonly used 
imaging modalities.

14.2	 �Plain Radiography

Plain radiography of the shoulder is commonly 
performed as an initial imaging examination. 
This modality is useful for diagnosing fractures 
and dislocations in patients with acute trauma. 
For those with chronic or nontraumatic shoulder 
pain, radiography provides an overall assessment 
of joint status and some diagnoses including 
arthritis, degenerative changes, chronic cuff tear, 
and calcific tendinosis.

The standard radiographic shoulder series 
includes an anteroposterior (AP) projection 
(Fig. 14.1) with the arm internally and/or exter-
nally rotated and other views added to show the 
specific structures of the shoulder. The Y view is 
obtained by turning the patient 60° anteriorly 
and centering the posteroanterior (PA) X-ray 
beam on the shoulder. This view is usually 
ordered when a shoulder dislocation is sus-
pected; the Y view is also helpful in identifying 
fractures of the scapular blade (Fig. 14.2). The 
axillary view allows for clear visualization of 
the relationship between the glenoid and the 
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humeral head (Fig. 14.3). This view is acquired 
with the patient supine, the arm positioned in 
90° of abduction, and the X-ray beam centered 
on the middle of the axilla and angled approxi-
mately 30° toward the spine. The Grashey view 
is obtained by turning the patient 45° posteri-
orly and using an AP X-ray beam or angling the 
X-ray beam 45° laterally to the patient. This is a 
“true” AP view of the glenohumeral joint and is 
used to show the integrity of the glenohumeral 
joint without overlapping of the humerus and 
glenoid (Fig.  14.4). West Point and Velpeau 
views are variants of the axillary view that are 
useful in identifying anterior glenoid abnormal-
ities (such as Bankart lesions and posterior dis-
locations). A West Point view is obtained with 
the patient prone, the shoulder propped up over 
the X-ray table, and the arm abducted 90° from 
the trunk while the hand is pronated; the X-ray 
beam is angled 25° medially and 25° cephalad. 
The Velpeau view is commonly used after acute 
trauma, as it does not require the patient to 

abduct the arm. The patient sits or stands lean-
ing backward 30° while wearing a sling or 
Velpeau dressing, and the X-ray beam is directed 
through the shoulder superoinferiorly. Modified 
views may need to be obtained when the patient 
cannot move the arm, particularly in the context 
of trauma and severe pain.

Fig. 14.1  AP view radiograph of a normal shoulder. 
Humeral head overlaps the lateral aspect of the glenoid. 
The glenohumeral joint space (arrow) can be estimated by 
measuring from the medial margin of the humeral head 
and medial margin of the glenoid (dotted lines)

Fig. 14.2  Y view radiograph of a normal shoulder. 
Humeral head overlaps the glenoid (Y) which is at the 
center of the “Y” formed by the junction of the scapular 
body (SB), spine (SS), and base of the coracoid (C)

Fig. 14.3  Axillary view radiograph of a normal shoulder. 
The humeral head is centered on the glenoid (G). The 
coracoid (C) is anterior. The acromioclavicular joint proj-
ects over the humeral head (A acromion, CL clavicle)
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The medial portion of the humeral head over-
laps with the lateral aspect of the glenoid on AP 
shoulder radiographs, since the glenohumeral 
joint is anatomically 35–40° oblique to the coro-
nal plane of the patient (Fig.  14.1). In some 
cases, the humeral head may project slightly 
lower or slightly higher than the center of the 
glenoid. Because the humerus is anterior to the 
glenoid, if the patient is tilted back when the 
image is taken, the humeral head may appear 
high relative to the glenoid, whereas if the patient 
is tilted forward, it may appear slightly low. The 
distance between the humeral head and acromion 
should be evaluated. If the humeral head is supe-
riorly subluxed such that the acromiohumeral 
distance is less than 7  mm, a rotator cuff tear 
should be suspected. Because the Grashey view 
is a “true AP” projection of the glenohumeral 
joint, there should not be any overlap of the 
humeral head and glenoid on this view. Overlap 
of these structures on the Grashey view implies 
subluxation or dislocation of the humeral head. 
Finally, when reviewing shoulder radiographs, 
clinicians must also assess the clavicle, scapula, 
and ribs for fractures and other lesions, as well as 
the visualized portions of the lungs for any 
potential pathologies.

Plain radiography is used to diagnose many 
common shoulder pathologies, including frac-
tures of the humerus, clavicle, and scapula. 
Proximal humerus fractures are the third most 
common type of fragility fracture, accounting for 

nearly 6% of all adult fractures [6, 7]. As the 
median age of the world’s population increases, 
the incidence of this fracture type has also risen 
[8]. These fractures and fractures of the mid-
humerus present few challenges in radiographic 
interpretation and thus do not usually require fur-
ther examinations. These fractures present as a 
lucency and cortical disruption with variable 
degrees of angulation, impaction, and displace-
ment on plain radiographs (Fig.  14.5). 
Determining the degrees of angulation and rota-
tion of the fragments may require full-length 
images of the humerus that include the shoulder 
and elbow.

Most clavicular fractures are clinically appar-
ent and occur in the midportion or the distal third 
of the clavicle. In addition, acromioclavicular 
(AC) joint separation, which is a common trau-
matic or sports injury, is easily assessed with 
radiography. The normal AC joint space usually 
measures <5  mm, and normal coracoclavicular 
distance is <11–13 mm. Widening of any of these 
spaces must be considered as a potential separa-
tion. AC joint separation is classified into six sub-
groups based primarily on the distal clavicular 
angle and degree of the displacement [9]. Some 
recommend obtaining additional radiographs 
while hanging weights from the patient’s wrists 
and comparing these images with images of the 
unaffected side to detect nondisplaced AC joint 
injuries.

Fractures of the scapula are relatively rare, 
although they can occur as the result of a severe, 
direct blow [10]. Because the scapula is a thin 
bone, fractures of the body of the scapula may be 
difficult to appreciate. The Velpeau and West 
Point variants of the axillary view may be useful 
for evaluation of the scapular spine and acro-
mion, especially for patients with reverse shoul-
der arthroplasties who are at risk for fracture 
(Fig. 14.6). When there is any uncertainly regard-
ing the presence or type of fracture on radiogra-
phy, a computed tomography (CT) scan may be 
useful.

Shoulder dislocations are readily diagnosed 
by radiography. Anterior dislocation of the 
humeral head accounts for more than 95% of 
shoulder dislocations. On the AP projection, the 
displaced humeral head will be inferiorly and 

Fig. 14.4  Grashey radiographic projection is a “true AP” 
view of the glenohumeral joint obtained with a 35–45° 
obliquity to show the joint space tangentially. The humeral 
head should not overlap the glenoid
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medially displaced, overlapping with the glenoid 
neck and lying inferior to the coracoid (Fig. 14.7). 
Impaction of the humeral head on the anterior-
inferior edge of the glenoid produces a deformity 
in the posterolateral portion of the humeral head, 

the Hill-Sachs deformity, which is best seen on 
the AP view with the arm internally rotated after 
reduction of the dislocation. There is often an 
injury of the anterior inferior glenoid rim, as 
well; this injury, known as a Bankart lesion, may 
involve the labrum only or both the labrum and 
the underlying bone. When there is a bony com-
ponent, the West Point or axillary view may be 
diagnostic. When only the soft tissue of the gle-
noid labrum is involved, magnetic resonance 
(MR) or CT arthrography will be needed for 
imaging diagnosis.

Posterior shoulder dislocations are uncom-
mon and more difficult than anterior disloca-
tions to diagnose on a standard AP view of the 
shoulder. On normal shoulder radiographs 
using the AP view, there is an overlap of the 
humeral head and the glenoid with a relatively 
narrow anterior glenohumeral joint space visi-
ble. Radiographs following posterior shoulder 
dislocation show widening of the glenohu-
meral joint space; additionally, the humeral 
head may not appear round because of extreme 

a b

Fig. 14.5  AP radiographs obtained in internal rotation (a) and external rotation (b) show a displaced fracture of the 
posterior aspect of the greater tuberosity (arrow)

Fig. 14.6  Loosening and periprosthetic fracture follow-
ing reverse total shoulder arthroplasty. There is lucency 
around the humeral component with focal osteolysis at the 
inferior tip (arrowhead). The fracture (arrow) is seen at the 
tip of the prosthesis
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a b

c

Fig. 14.7  Anterior subcoracoid dislocation. The humeral head overlaps the glenoid on AP (a) and Grashey views  
(b). The anterior displacement is well visualized on the Y (c) view
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internal rotation. On the Grashey view, there 
will be an abnormal overlap of the humeral 
head and glenoid. The axillary and Y views 
will clearly show the posterior dislocation 
(Fig. 14.8).

Initial evaluation of shoulder arthritis is 
frequently performed with radiography. 
Degenerative or post-traumatic osteoarthritis in 
the shoulder, as with other joints, is frequently 

associated with osteophyte formation, subarticu-
lar sclerosis, subarticular cysts, and joint space 
narrowing. As the arthritis progresses, there can 
be loss of the bone stock of the glenoid with alter-
ation of the version of the glenoid face. When 
planning for shoulder arthroplasty, evaluation of 
the glenoid version is critical for proper place-
ment of the glenoid component; CT is often per-
formed for this purpose.

a b

c

Fig. 14.8  Posterior dislocation. Grashey (a) and AP inter-
nal rotation (b) and axillary (c) views show the humeral 
head is reduced, but mildly decentered posteriorly. There is  

a displaced glenoid fracture fragment (arrowhead) from 
the posterior articular margin of the glenoid
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With septic arthritis of the shoulder, radio-
graphs are typically normal in the early stages, 
although soft tissue swelling or inferior displace-
ment of the humeral head due to effusion may be 
seen. With more chronic septic arthritis, radio-
graphs may show decreased bone density, joint 
space narrowing, and bony destruction. When a 
septic joint is clinically suspected, joint aspira-
tion should be considered.

Although radiography is not primarily per-
formed for this purpose, radiographic images 
may be abnormal in the setting of rotator cuff 
disease. Calcific tendinosis of the rotator cuff 
(i.e., the deposition of calcific crystals such as 
hydroxyapatite within an abnormal tendon) can 
be readily diagnosed on plain radiographs. 
Typically, this condition presents as amorphous 
white densities at the greater tuberosity at the 
insertion of the affected tendon (Fig. 14.9). With 
large, retracted tears of rotator cuff tendons, the 
humeral head may migrate superiorly with resul-
tant decentering of the humeral head on the gle-
noid, thus narrowing the distance between the 

humeral head and acromion (i.e., the acromio-
humeral distance). With time, secondary gleno-
humeral osteoarthritis, also known as rotator 
cuff arthropathy, may develop (Fig. 14.10); this 
condition is suggestive of an irreparable rotator 
cuff [11].

Bone or soft tissue neoplasms of the shoulder 
may be initially evaluated or incidentally found 
on radiography. The proximal humerus is the 
third most common site for primary bone tumors 
and soft tissue tumors, with an incidence of 
approximately 1.8 in 100,000 [12–16]; it is also 
one of the most common sites of osteosarcoma in 
children [17]. As with other bone tumor sites, the 
degree of bone destruction and fracture risk in the 
shoulder can be estimated with radiographs. 
However, advanced imaging techniques should 
be used for further evaluation of potential bone 
destruction and for identification of soft tissue 
masses. When an incidental finding of a bone 

Fig. 14.9  Calcific tendinosis. Grashey radiograph shows 
calcifications in the supraspinatus tendon insertion (arrow)

Fig. 14.10  Rotator cuff arthropathy. Grashey radiograph 
shows superior subluxation of the humeral head with 
severe narrowing of the subacromial space and remodel-
ing of the inferior acromion indicating a chronic full-
thickness rotator cuff tear. Osteophytes and intra-articular 
bodies indicate concomitant glenohumeral osteoarthritis
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lesion (usually an enchondroma) is observed on 
radiographs, the images should be compared with 
results from previous imaging studies to deter-
mine the biological nature of the abnormality. 
When a benign lesion is suspected, follow-up 
radiography is indicated. If an aggressive lesion 
is suspected on radiographs, MR imaging should 
be considered.

Although this chapter focuses primarily on 
preoperative shoulder imaging, there are some 
important postoperative complications that can 
be readily evaluated on radiography. Plain radi-
ography is routinely used after shoulder arthro-
plasty to evaluate implant positioning and 
baseline appearance for help with future assess-
ment, should symptoms arise. Loosening of an 
arthroplasty component appears as progressively 
widening radiolucencies at the bone-implant or 
cement-bone interface, although plain radiogra-
phy can sometimes underestimate radiolucent 
lines [18]. In such cases, CT offers improved sen-
sitivity, especially when metal artifact reduction 

techniques are implemented. With an infected 
implant, periosteal reaction may be seen. 
Scapular notching after reverse total shoulder 
arthroplasty (i.e., erosion of the scapular neck 
from impaction of the humeral component) usu-
ally occurs within the first few months after sur-
gery. The incidence of scapular notching ranges 
from 44 to 96% [19, 20], and this condition 
ranges from grade 1 to 4 in severity (with grade 4 
potentially leading to glenosphere loosening) 
based on radiographic findings. The occurrence 
of scapular notching may require revision sur-
gery. Therefore, radiographs demonstrating bone 
loss at the inferior scapular neck should be care-
fully assessed in patients who have undergone 
reverse total shoulder arthroplasty (Fig.  14.11). 
Heterotopic ossification in the triceps origin is 
common following reverse shoulder arthroplasty 
(Fig.  14.12). Heterotopic ossification usually 
does not progress after the initial postoperative 
period. It usually has no effect on functional 
movement of the shoulder and usually does not 

a b

Fig. 14.11  Scapular notching following reverse total 
shoulder arthroplasty. Grashey radiograph (a) shows bone 
loss (arrow) from the inferior glenoid with exposure of the 

inferior screw of the glenosphere. The CT (b) of the same 
patient demonstrates the humeral component impacting 
on the glenoid causing the scapular notching (arrow)
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require treatment. This new bone can mimic 
scapular notching. However, notching will show 
loss of glenoid bone, whereas heterotopic ossifi-
cation is added bone; in addition, notching and 
heterotopic ossification may coexist [21].

14.3	 �CT

CT is commonly used in orthopedic imaging to 
assess cortical bone, trabecular bone, and joint 
surfaces in patients with fractures, arthritis, 
shoulder instability, advanced rotator cuff dis-
ease, tumors, or infection; however, soft tissue 
abnormalities are less well visualized by CT than 
by MR imaging. Because CT is most often 
obtained with isotropic voxels, 2D multiplanar 
and 3D reformatted images can be readily cre-
ated (Fig.  14.13). CT arthrography, which is 
obtained by injecting iodinated contrast into the 
shoulder joint before CT imaging is performed, 
can provide additional information about the 
articular cartilage, labrum, and rotator cuff. CT 

a b

Fig. 14.12  Heterotopic ossifications in (a) and (b) fol-
lowing reverse total shoulder arthroplasty commonly 
develop within the triceps extending inferiorly from the 

scapular neck (arrows). The appearance of heterotopic 
calcification in (a) is differentiated from scapular notch-
ing since there is no glenoid bone loss

Fig. 14.13  Subcoracoid dislocation. 3D surface render-
ing reformatted from a CT scan shows the humeral head 
beneath the coracoid and impacted on the anterior glenoid
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arthrography is often used as an alternative for 
patients who are unable to undergo shoulder MR 
imaging. CT offers greater spatial resolution than 
MR imaging, whereas MR imaging offers higher 
image contrast for soft tissue abnormalities and 
can demonstrate edema-like signal in the bone 
marrow [22].

CT can be more effective than radiography in 
showing the spatial relationship of fracture frag-
ments in complex fractures of the humerus and 
scapula [23] (Fig. 14.14). Often, radiography is 
limited in these cases by patient positioning and 
superimposition of the fracture fragments. 
Preoperative planning with CT before fracture 
reduction or in cases of unreducible or recurrent 
dislocation may be useful. One study of patients 
with shoulder instability found that preoperative 
identification and measurement of bony Bankart 
fragments of the glenoid and Hill-Sachs impac-
tion of the humeral head can be difficult with 
radiography, leading to challenges in surgical 
decision-making [24]. Therefore, CT should be 
considered in the treatment algorithm for accu-
rate quantification of bone loss to prevent a high 

rate of recurrent shoulder instability. As previ-
ously discussed, for patients with severe gleno-
humeral osteoarthritis, preoperative measurement 
of the glenoid version with CT is helpful for 
shoulder arthroplasty planning.

14.4	 �MR Imaging

Improvements in system hardware and software 
have led to further reliance on MR imaging for 
evaluation of the shoulder [25]. This modality 
provides a thorough overview of both the osseous 
and soft tissue shoulder structures and has dem-
onstrated a high level of diagnostic accuracy that 
is improved further with the addition of arthrog-
raphy [26–28]. Therefore, physicians treating 
patients with shoulder pathologies must be famil-
iar with shoulder MR imaging.

MR imaging of the shoulder is indicated for 
the assessment of a wide spectrum of disorders 
including suspected rotator cuff and biceps ten-
don tears, intra-articular pathology such as labral 
tears, articular cartilage defects and underlying 
bone abnormalities, tumors, and infections. 
However, the advantages of MR imaging must be 
weighed against the higher costs and sometimes 
limited availability of this modality.

14.4.1	 �Shoulder Anatomy on MR 
Imaging

The rotator cuff is composed of the tendons of 
four muscles: the supraspinatus, infraspinatus, 
subscapularis, and teres minor muscles 
(Fig. 14.15). The tendons of these muscles attach 
to the lesser and greater tuberosities of the 
humerus, with the subscapularis inserting on the 
lesser tuberosity and the other three tendons 
inserting on the greater tuberosity [29]. The 
supraspinatus tendon is best assessed by oblique 
coronal images that are aligned parallel to the 
supraspinatus muscle rather than oriented in the 
true coronal plane. The oblique coronal plane 
also provides excellent views of the superior and 
inferior portions of the glenoid labrum as well as 
the quadrangular and triangular spaces. Oblique 

Fig. 14.14  Greater tuberosity fracture. 3D surface ren-
dering reformatted from a CT scan (same patient as 
Fig. 14.5) demonstrates the displaced fracture (arrow) as 
well as the cortical defect in the superior lateral aspect of 
the greater tuberosity (asterisk)
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sagittal images are usually oriented parallel to the 
glenoid face as seen on axial images and demon-
strate the relationship of the rotator cuff tendons 
with the humeral head (Fig. 14.15). These images 
provide optimal short-axis views of the rotator 
cuff tendons and the intra-articular portion of the 
long head of the biceps tendon. They are particu-
larly helpful for differentiating between nonre-
tracted full-thickness tears and partial-thickness 
tears and for identifying which tendon(s) is/are 
involved. These images also help in the evalua-
tion of the glenohumeral ligaments, subacromial-
subdeltoid bursa, glenoid labrum, and rotator 
interval. Axial images are also used to assess the 
glenohumeral articular cartilage, the anterior and 
posterior aspects of the labrum, and the subscap-
ularis and biceps tendons.

14.4.2	 �MR Imaging Protocol

For MR scans, patients are positioned supine 
with their arm at the side of the body in partial 

external rotation [25]. A number of different MR 
imaging protocols have been recommended for 
evaluation of the shoulder, each of which is effec-
tive in showing both normal and pathologic find-
ings. One feature common to these protocols is 
the acquisition of both fat-suppressed/water-
sensitive and non-fat-suppressed fast spin echo 
(FSE) images. The sequences commonly use 
echo times (TEs) longer than 35 ms to minimize 
artifactually bright areas in the tendon from the 
“magic angle” effect. This magic angle effect 
occurs when organized collagen fibers, including 
those in tendons and ligaments, are oriented at 
55° to the main magnetic field. T2 relaxation of 
the tissue is longer, leading to a brighter tendon 
signal that may mimic tendinosis. Oblique sagit-
tal T1-weighted images are often obtained medial 
to the spinoglenoid notch to assess fatty infiltra-
tion and atrophy of the rotator cuff muscles or to 
identify edema-like signal that can be seen with 
muscle denervation resulting from injury or para-
labral cysts [29].

Images should be obtained in three planes: 
oblique coronal, oblique sagittal, and axial. The 
slice thickness should be less than 5 mm, and a 
small field of view (FOV) (12–16 cm) is recom-
mended. The glenoid labrum is best seen on high-
resolution axial (anterior and posterior labrum) 
and coronal (superior and inferior labrum) 
images. Direct MR arthrography (i.e., imaging 
the joint after intra-articular injection with MR 
contrast agent) can help to identify articular side 
partial-thickness cuff tears and can demonstrate 
nondisplaced labral tears by filling the tears with 
contrast agent. The advantages of MR arthrogra-
phy for diagnosing the causes of shoulder insta-
bility and SLAP lesions and for the postoperative 
assessment of labral repairs have been demon-
strated previously [30].

14.4.3	 �MR Imaging of Common 
Shoulder Pathologies

Early diagnosis of rotator cuff disease is impor-
tant as untreated disease can result in enlarging 
tears, increasing pain [31], and irreversible fatty 
degeneration and atrophy of the cuff muscles 
[32]. Once these muscle changes occur, the risk 

Fig. 14.15  Normal rotator cuff anatomy on a sagittal 
oblique T1-weighted (T1W) FSE image from an MR 
arthrogram (B biceps, AC acromion, SS supraspinatus, 
SUBS subscapularis, IS infraspinatus, TM teres minor)
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of a recurrent tear after surgical repair may be as 
high as 94% [33, 34].

The underlying cause of rotator cuff damage 
may include shoulder impingement and degen-
erative arthritis. Patients with uncorrected 
impingement syndrome may progress along a 
spectrum from rotator cuff tendinosis to partial-
thickness tear to full-thickness tear [34].

MR imaging is effective in assessing rotator 
cuff pathology, especially full-thickness cuff 
tears. One study found that with MR imaging, a 
full-thickness rotator cuff tear could be diagnosed 
with 92.1% sensitivity and 92.9% specificity; 
however, MR imaging was less accurate for the 
diagnosis of a partial-thickness tear with only 
63.6% sensitivity (but 91.7% specificity) [35]. On 
MR images, normal tendons are dark whereas 
early tendon degeneration (tendinopathy) appears 
as intermediate signal within the tendon sub-
stance accompanied by distortion of the tendon. 
In the most severe cases, there is fusiform or focal 
thickening resulting from myxoid degeneration 

(Fig.  14.16). With more advanced pathology 
(e.g., partial-thickness tear), the signal becomes 
brighter on T2-weighted images, and fluidlike 
signal may be seen across a portion of the tendon. 
When fluidlike signal traverses the full thickness 
of the tendon, a full-thickness tear can be diag-
nosed. In full-thickness tears, retraction of the 
tendon should be measured, as cases with increas-
ing grades of retraction may require open surgery 
rather than arthroscopy or may be inoperable 
(Fig. 14.17).

MR imaging can be very useful in the assess-
ment of patients with shoulder instability. 
Because only 25–30% of the humeral head con-
tacts the glenoid in the glenohumeral joint, the 
shoulder has a wide range of motion at the 
expense of compromised joint stability [36]. The 
joint is fortified by enlargement of the articular 
surface by the glenoid labrum and extrinsic com-
ponents such as the capsule, ligaments, tendons, 
and muscles. When these components become 
unbalanced, shoulder instability may occur. 

a ba b

Fig. 14.16  Rotator cuff tendinosis. Coronal (a) and sag-
ittal (b) oblique T2-weighted (T2W) fast spin echo (FSE) 
images with fat suppression (fs) show intermediate signal 

and fusiform swelling in supraspinatus (SS) and infraspi-
natus (IS) tendon from myxoid degeneration
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Damages to the anterior, inferior, or posterior 
labrum; the glenoid cartilage; the bony humerus 
or glenoid; the glenohumeral ligaments; the cap-
sule; the rotator cuff tendons; or the biceps ten-
dons are all potential causes of instability that can 
be assessed with MR imaging.

Anterior instability is the most common type 
of shoulder instability. Anterior dislocation usu-
ally leads to an injury to the anterior-inferior 
labrum (i.e., a Bankart lesion) from pulling of the 
inferior glenohumeral ligament and impaction of 
the humeral head. Bankart-type injuries may be 
isolated to the labrum or may include a glenoid 
bone fragment (i.e., a “bony Bankart”) 
(Fig. 14.18). On MR images, the lesion appears 
as a high intensity line on T2- or proton density-
weighted images coursing through the base of the 
normally low signal anterior-inferior labrum or 
beneath the fragment of a bony Bankart lesion. 
The anterior labrum may remain in place or may 
appear displaced, small, or absent. The inferior 
glenohumeral ligament may also pull from its 

humeral attachment, resulting in a humeral avul-
sion of the glenohumeral ligament (HAGL) and 
producing a characteristic appearance on MR 
images [37, 38]. This HAGL injury is also associ-
ated with a tear of the subscapularis tendon and 
recurrent anterior instability [39]. HAGL lesions 
typically result from a first-time dislocation in 
patients aged more than 35 years [38]. On axial 
MR images, a HAGL lesion appears as a disrup-
tion at the humeral neck attachment producing a 
“J-shaped” rather than the normal “U-shaped” 
appearance of the inferior glenohumeral ligament 
(Fig. 14.19).

Anterior dislocations can also cause bony 
impaction injuries on the posterior-superior 
humeral head; this is known as a Hill-Sachs defor-
mity. On MR imaging, this lesion appears as focal 
flattening or a wedge-shaped defect with or with-
out associated bone marrow edema-like signal 
(Fig. 14.20). Often these deformities are easiest to 
see on the superior-most axial slices where the 

Fig. 14.17  Full-thickness rotator cuff tear. Coronal 
oblique T2W fs FSE image shows retraction of the torn 
supraspinatus tendon (arrow) and the empty footplate on 
the greater tuberosity (asterisk)

Fig. 14.18  Osseous Bankart lesion. An axial T1W fs 
FSE image from an MR shoulder arthrogram demon-
strates the torn anterior-inferior labrum (arrowhead) and 
the small glenoid bone defect (arrow) with overlying car-
tilage damage
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humeral head should appear circular. Clinicians 
should be aware, however, that there is a normal 
anatomic groove located posterolaterally and cau-
dally on the humeral head; this groove should not 
be miscategorized as a Hill-Sachs lesion [40].

Posterior labral and capsular tears are less 
common than anterior tears and are usually seen 
in association with posterior or multidirectional 
instability. These tears have signal changes and 
appearances similar to those of anterior labral 
tears on MR imaging, but in a posterior location. 
Posterior dislocation may cause impaction of the 
anterior humeral head on the posterior glenoid, 
leading to a “trough sign” or “reverse Hill-Sachs” 
lesion.

Overhead repetitive motion or acute trauma 
can cause superior labral lesions, which usually 
present as nonspecific shoulder pain. Superior 
labral tears are usually centered at the biceps 
labral complex extending from anterior to poste-
rior to the biceps anchor (i.e., SLAP lesions). 
SLAP lesions may extend inferiorly to involve 

the anterior labrum, posterior labrum, and/or the 
biceps anchor; they may also involve adjacent 
capsuloligamentous structures [41]. On arthros-
copy, SLAP lesions have a reported prevalence of 
3.9–11.8% [42, 43]. On MR imaging/MR 
arthroscopy, high signal (fluid on T2 or arthro-
graphic contrast on T1) is usually found extend-
ing into the superior labrum and tracking into the 
labral substance and/or the biceps tendon 
(Fig.  14.21). SLAP tears must be differentiated 
from the normal variant of a sublabral foramen. 
Sublabral foramina usually appear smooth, 
extend medially paralleling the glenoid contour, 
and do not extend into the posterior-superior 
labrum. SLAP tears most often have irregular 
margins, extend laterally within the labrum 
toward the biceps tendon, and involve the poste-
rior-superior labrum. Differentiating among the 
various types of SLAP tears with MR imaging 
may be challenging in some cases.

Fig. 14.19  Humeral avulsion of the inferior glenohu-
meral ligament (HAGL). A coronal oblique T2W fs FSE 
image shows fluid between the avulsed ligament (arrow) 
and the expected attachment site on the proximal humerus

Fig. 14.20  Hill-Sachs lesion following anterior shoulder 
dislocation. Axial PD fs FSE MR image shows focal 
impaction of the posterior humeral head (arrow) with 
underlying edema-like marrow signal (asterisk) from 
recent contusion and the torn anterior labrum 
(arrowhead)

C. Colak and C. S. Winalski



137

Proximal tears of the long head of the biceps 
tendon, which are more common in patients aged 
more than 40 years, tend to be proximal to the 
bicipital groove of the humerus [44]. These tears 
appear on MR images as absence of the tendon at 
the biceps anchor since the torn end of the tendon 
retracts distally. There may be edema surround-
ing the biceps anchor and a fluid-filled tendon 
sheath. Because the tendon is “absent,” the lesion 
may be easily overlooked, especially in the set-
ting of massive rotator cuff tears; the intra-
articular portion of the biceps tendon must be 
specifically identified on every shoulder MR 
image.

MR imaging can be used to assess patholo-
gies of the rotator interval, the space between 
the supraspinatus and subscapularis tendons 
through which the long head of the biceps ten-
don courses. The rotator interval is the site of 
many biceps tendon lesions, adhesive capsulitis, 
and anterosuperior internal impingement [45]. 
Adhesive capsulitis, also known as frozen shoul-
der, is often idiopathic. Primary myofibroblastic 

transformation of tissues leads to contracture of 
the coracohumeral ligament component of the 
rotator interval [46]. A painful global limitation 
of both active and passive shoulder motion 
occurs in these patients [46]. On MR imaging, 
abnormal thickening and/or edema of rotator 
interval structures and the inferior glenohumeral 
ligaments and joint capsule can be seen 
(Fig. 14.22). Edema-like capsular signal around 
the glenoid rim may also be apparent on fat-sup-
pressed MR images.

When insufficient information is available 
from radiographs in cases of complex osteoar-
thritis or inflammatory arthritis, MR imaging can 
be useful in demonstrating the changes of early 
disease, bony involvement, hyperplastic 
synovium, and treatment response. Rotator cuff 
tears and effusion-synovitis are also well demon-
strated on MR images for these patients.

MR imaging also plays an important role in the 
diagnosis, characterization, assessment of extent, 
and treatment planning for bone and soft tissue 
tumors around the shoulder during preoperative 

a b

Fig. 14.21  Superior labral tear (SLAP). Coronal (a) and axial (b) T1W fs FSE images from an MR arthrogram show 
contrast beneath the labrum at the biceps anchor (a) and in the posterior labrum (b) (arrows)
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evaluation. These tumors demonstrate wide varia-
tions in signal characteristics on MR images.

Finally, MR imaging is useful for evaluating 
infection of the shoulder, distinguishing between 
a fluid collection and inflammatory phlegmon, 
and identifying the occurrence of osteomyelitis 
via the presence of low subchondral bone mar-
row signal on non-fat-suppressed T1-weighted 
images. Following contrast administration, peri-
synovial edema, inflamed synovium, and soft tis-
sue sinus tracts can be outlined by enhancement 
on fat-suppressed T1-weighted images.

14.5	 �Ultrasound

Ultrasound (US) imaging of the shoulder has the 
advantage of being a less expensive and more 
rapid and dynamic examination than MR imag-
ing and is therefore commonly used to assess the 
rotator cuff and biceps for tendinopathy, tenosy-
novitis, tears, and calcific tendinitis [47]. 

However, labral tears including SLAP tears are 
better visualized by MR imaging because the 
interposed bone obscures portions of these struc-
tures on US images. Perhaps most importantly, 
US is an excellent modality to guide the use of 
nerve blocks; barbotage treatment of calcific ten-
dinitis; therapeutic injections of the joints, bur-
sae, and ligaments; and other interventions.

Proper performance of US examinations is 
operator-dependent and requires significant 
training and experience. The shoulder must be 
positioned appropriately for the structure or 
pathology that is to be evaluated. Several patient 
positions are required for a complete shoulder 
examination.

14.6	 �Conclusion

This chapter reviewed the imaging modalities 
commonly used to assess shoulder pathologies. 
Radiography, CT, MR, and US imaging are 

a b

Fig. 14.22  Adhesive capsulitis. A coronal T2-weighted 
fs FSE image (a) with edema in and around the capsule in 
the axillary recess (arrow, a). Sagittal oblique T2-weighted 

fs FSE image demonstrates edema in the rotator interval 
(arrow, b)
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complementary examinations that can provide 
vital information to clinicians in regard to treat-
ment decisions, preoperative planning, and fol-
low-up, including outcomes assessment and 
diagnosis of complications. A basic understand-
ing of image interpretation is therefore essential 
for the optimal treatment of shoulder disorders.
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