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Introduction
The shoulder is one of the anatomic areas that is
most commonly evaluated with musculoskeletal
ultrasonography (US). When performed with ap-
propriate equipment by skilled operators, US is
widely recognized as a means of accurately assess-
ing rotator cuff disease, with a sensitivity and
specificity as high as 90%—-95% in the assessment
of both partial- and full-thickness tears (1,2).
Nevertheless, radiologists as a whole are poorly
informed regarding the contributions that US can
make in the assessment of non-rotator cuff ab-
normalities such as instability problems, synovial
joint diseases, and nerve entrapment syndromes.
Only a few US studies have been conducted to
evaluate these conditions, and most of these stud-
ies describe only a limited number of cases or lack
a standard of reference. Thus, US probably re-
mains underused in this context. Other imaging
modalities such as magnetic resonance (MR) im-
aging and computed tomographic (CT) and MR
arthrography will probably remain the modalities
of choice for diagnosing most non-rotator cuff
disorders: With these modalities, image acquisi-
tion is less operator dependent and evaluation of
anatomic relationships and soft-tissue structures
(eg, capsule, labrum, bone) is intuitively easier
and can be more readily performed. However,
high-resolution US is quick, noninvasive, and
inexpensive and has specific advantages over MR
imaging. These advantages, which include the
capacity for higher resolution and for examining
tissues in both static and dynamic states with the
patient in different positions, warrant the wider
use of US in the evaluation of non-rotator cuff
disorders.

In this article, we review the major types of
non-rotator cuff abnormalities that can be diag-
nosed with US, with emphasis on musculoskeletal
anatomy, US technique, and main US findings.
Because of the wide range and heterogeneity of
these abnormalities, we arbitrarily grouped them
into instability problems, arthropathies and bur-
sites, nerve entrapment syndromes, and space-
occupying lesions.

Instability Problems

Because of its wide range of motion, the shoulder
is susceptible to dislocations, subluxations, and

RG M Volume 23 « Number 2

lesions related to chronic stress in the surround-
ing soft tissues. Regardless of the type of abnor-
mality or instability pattern, a combination of dif-
ferent osseous and soft-tissue restraints such as
the ligaments, tendons, labrum, and capsule have
increasingly received recognition either as stabiliz-
ers or as structures that sustain secondary damage
in these situations. The main shoulder structures
that can be evaluated with US in patients with
instability problems are the long head of the bi-
ceps tendon (LBT), the glenohumeral joint
(GH]J), and the acromioclavicular joint (AC]J).

Biceps Tendon

Because of its curvilinear course and its reflection
over the humeral head, the LBT is prone to me-
dial displacement, especially during powerful
contraction of the biceps muscle or maximal ex-
ternal rotation. The tendon is retained in its
proper anatomic location by the conformation of
the humeral biceps sulcus and by various tendi-
nous and ligamentous structures encountered at
three different levels along its course. From cra-
nial to caudal, these structures are the coracohu-
meral ligament (CHL) and superior glenohu-
meral ligament, the transverse humeral ligament
(THL), and the tendon of the pectoralis major
muscle.

The LBT enters the GHJ through the rotator
cuff interval, the space between the subscapularis
and supraspinatus tendons. The rotator cuff in-
terval also houses the CHL, which courses above
the LBT and then bifurcates, blending with the
adjacent cuff tendons and the underlying joint
capsule (Fig 1a). The anterior band of the CHL
joins with the superior glenohumeral ligament to
form a strong sling, commonly referred to as the
reflection pulley, which inserts into the lesser tu-
berosity and stabilizes the LBT before the LBT
enters the bicipital groove, thus protecting it
against anterior shearing stress (3—5). High-reso-
lution US can depict the CHL. Proper position-
ing is achieved when the patient extends the lower
arm posteriorly by placing the palm of the hand
on the superior aspect of the iliac wing with the
elbow flexed and directed toward midline. This
position causes maximal opening of the rotator
cuff interval. The intraarticular portion of the
LBT flattens as it is stretched against the humeral
cartilage, and the CHL is tightened between the
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Figure 1. Rotator cuff interval. (a) Schematic illustrates the relationship of the CHL (green) to the sub-
scapularis (SubS) and supraspinatus (SS) tendons. The ligament forms the roof of the intraarticular portion of
the biceps tendon (orange). (b) Corresponding transverse 12-5-MHz US image demonstrates the flattened,
echogenic intraarticular portion of the biceps tendon (arrow) anterior to the supraspinatus tendon (SS). The
CHL (*) is seen as an echogenic band of tissue superficial to the biceps tendon. A thin hypoechoic layer (ar-
rowheads) bulges from the deep edge of the supraspinatus tendon and intervenes between the ligament and the
biceps tendon, a finding that may represent the capsular interface. (¢) Transverse 12-5-MHz US image ob-
tained in a 42-year-old man with a surgically confirmed lesion in the rotator cuff interval that involved the CHL
and the fibers of the superior capsule shows hypoechoic fluid surrounding an intact biceps tendon (arrow).
Note the absence of the CHL. SS = supraspinatus tendon.

subscapularis and supraspinatus tendons. The CHL is torn, the intraarticular portion of the
CHL appears as a thick, homogeneously echo- LBT may appear surrounded by fluid (possibly
genic band of tissue that covers the LBT; it mea- on both sides) and elevated from the humeral car-
sures 2-3 mm in thickness and can be differenti- tilage (Fig 1¢). In such cases, the LBT may ex-
ated from the LBT because it is less anisotropic hibit increased mediolateral motion during rota-
(Fig 1b). Its deep margin is delineated by a thin tional movements (see Movie 1 at radiographics
hypoechoic layer that bulges anteriorly from the .rsnajnls.orglcgi/content/full/23/2/381/DC1).

deep edge of the supraspinatus tendon, possibly Chronic microtraumas can lead to early degen-
representing an interface between this ligament eration of the LBT and fissures in the inferior as-
and the joint capsule. Although US cannot help pect of the tendon. Disruption of the superior
detect the superior glenohumeral ligament, depic- border of the subscapularis tendon is almost in-
tion of a normal-appearing CHL with absence of variably associated with these lesions (6).

intraarticular fluid around the LBT almost always
indicates an intact rotator cuff interval. When the
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a.
Figure 2.
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Biceps tendon groove. (a) Schematic illustrates how the biceps tendon (orange) is located between

the greater tuberosity (G7) and the lesser tuberosity (L.7) and covered by the THL (green). G = glenoid region
of the scapula, SubS = subscapularis tendon. (b) Corresponding transverse 12-5-MHz US image demon-
strates the THL (arrowheads) as a thin echogenic layer that overlies the biceps tendon (arrow). The bone
groove has a normal size and shape. GT = greater tuberosity, L7 = lesser tuberosity, SubS = subscapularis

tendon.

The THL is in distal continuity with the CHL
and is composed of the most superficial fibers of
the subscapularis tendon. The THL bridges the
lesser and greater tuberosities, thereby transform-
ing the bicipital sulcus into an osteofibrous tunnel
(Fig 2a). However, the THL is weak, and its role
in stabilizing the LBT just distal to its exit from
the rotator cuff interval is not considered impor-
tant unless the CHL is torn (5,6). Careful scan-
ning with the transducer placed in a transverse
position over the tuberosities is required to recog-
nize the instability of the LBT at the humeral
groove. The normal THL can be seen as a thin
echogenic layer that overlies the bicipital sulcus
(Fig 2b). In the proximal groove, an LBT that
rests against the medial wall of the sulcus is a nor-
mal finding. The tendon is referred to as sublux-
ated when it is perched over the tip of the lesser
tuberosity and as dislocated when it lies on the
outer slope of the groove (7,8). The LBT does
not undergo medial subluxation or dislocation
out of the bicipital groove when the CHL is in-
tact, even with subscapularis tendon tear (6). On
the other hand, if the CHL is torn but the sub-
scapularis tendon is intact, the LBT can become

dislocated superficial to the tendon (Fig 3a, 3b;
see also Movie 2 at radiographics.rsnajnls.org/cgt
[content/full/23/2/381/DC1I) (5,6). The most
common condition, however, is tearing of both
the subscapularis tendon and the CHL (Fig 3c,
3d). In such cases, the disruption of the sub-
scapularis tendon may allow the LBT to slip me-
dially over the lesser tuberosity within the GHJ
(see Movie 3 at radiographics.rsnajnls. orglcgi
[content/full/23/2/381/DC1I). Scanning with the
patient’s arm in external rotation can accentuate
the subluxation of the LBT and further increase
sensitivity to this condition. In acute dislocation,
the US diagnosis is based on the absence of the
LBT within the groove and its detection in a
more medial position (8). Occasionally, the dislo-
cated LBT may be difficult to identify due to its
location deep within the GH]J. Transverse imag-
ing at a more distal level can allow visualization of
the LBT surrounded by a hypoechoic effusion;
then, the tendon can be followed upward to its
intraarticular portion. Difficulties may also arise
in long-standing dislocations, in which the empty
groove may be filled with echogenic fibrous scar
tissue that mimics a normally positioned LBT
(Fig 3¢) (9). Scanning the entire length of the
groove longitudinally to look for the fibrillar
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Figure 3. Biceps tendon dislocation. (a, b) Intact subscapularis tendon in a 27-year-old man
with biceps tendon instability. Transverse 12-5-MHz US image (a) and corresponding gradient-
recalled-echo (GRE) MR image (repetition time msec/echo time msec/flip angle = 400/12/90°)

(b) demonstrate the biceps tendon (arrow) displaced superficial to the intact subscapularis tendon
(* in a). Note that the intertubercular sulcus (arrowheads in a) is obtuse. (¢, d) Full-thickness tear
of the subscapularis tendon in a 58-year-old man with impingement syndrome. On a transverse
12-5-MHz US image (c) and corresponding GRE MR image (550/15/25°) (d), the torn subscapu-
laris tendon (* in ¢) is retracted from its normal attachment point on the lesser tuberosity, and the
biceps tendon (arrow) is dislocated medially out of the groove (arrowheads in c).

pattern of the LBT, which is not seen in scar tis- transverse imaging to determine the osseous anat-
sue, may help increase the examiner’s confidence omy of the groove (11). In fact, a congenital shal-
(1). In intermittent instability, a “to-and-fro” me- low intertubercular sulcus (<3 mm deep) with a
dial displacement of the tendon out of the groove flat medial wall intrinsically predisposes to LBT
is reported during maximal external and internal instability (Fig 3a).

rotation of the arm (10). The entire length of the
humeral groove should also be examined with
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a.
Figure 4.
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Pectoralis major tendon. (a) Schematic illustrates the relationship of the pectoralis major tendon

(green) to the myotendinous junction of the biceps (B). The biceps muscle and biceps tendon are shown in red
and orange, respectively. (b) Corresponding transverse 12-5-MHz US image obtained distal to the humeral
tuberosities shows the pectoralis major tendon (arrowheads), which crosses the myotendinous junction of the
biceps tendon (B) on its anterior aspect to insert onto the humeral shaft (H).

Figure S.

Farther distal to the humeral tuberosities, the
main stabilizing structure of the LBT is the ten-
don of the pectoralis major muscle. This flattened
tendon crosses anterior to the myotendinous
junction of the LBT and inserts into the lateral lip
of the intertubercular groove. At US, the pectora-
lis major tendon is identified dorsal to the del-
topectoral groove (Fig 4). Rupture of this tendon
is quite uncommon and occurs at either the myo-
tendinous or teno-osseous junction (12). In com-
plete tears, US findings include either a wavy ap-
pearance or nonvisualization of the tendon, de-

Pectoralis major tendon tear in a 37-year-old man who presented with pain after at-
tempting to catch a heavy object. (a) Clinical photograph shows a palpable defect (arrow) in the
anterior wall of the left axilla. (b) Transverse extended-field-of-view 12—-5-MHz US image reveals
hypoechoic fluid that fills the bed of the ruptured pectoralis major tendon (arrowheads). Note the
medial retraction of the belly of the pectoralis major muscle (PM) and the anterior displacement of
the myotendinous junction of the biceps tendon (B), which appears to be surrounded by fluid. D =
deltoid muscle, H = humerus, Pm = pectoralis minor muscle.

pending on the site of the tear (Fig 5). The pres-
ence of hypoechoic fluid in the tendinous bed re-
lated to hematoma can help in making the diag-
nosis. The LBT and its myotendinous junction
are surrounded by fluid and may appear elevated
from the humerus.

Glenohumeral Joint

US is generally not appropriate for the evaluation
of patients with GH]J instability. However, a scan-
ning technique for documenting the presence,
direction, and extent of glenohumeral translation
has been described in patients with posterior
shoulder subluxation or dislocation (13). With
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Posterior GH]J instability in a 17-year-old girl with posterior voluntary subluxation.

IS = infraspinatus tendon, L = posterior labrum. (a) Transverse 12-5-MHz US image obtained
over the posterior right shoulder during subluxation shows that the humeral head (HH) is more
exposed and posterior to the level of the bony glenoid (G) (dotted line). (b) US image obtained
after reduction of the subluxation shows the humeral head (HH) and the glenoid (G) in exact ap-

position.

the examiner standing behind the patient, trans-
verse scans should be obtained over the posterior
GH]J to measure the distance between the dorsal
rim of the bony glenoid and the tip of the humeral
head. In voluntary subluxation, the patient is ex-
amined in different positions (neutral, 90° flex-
ion, abduction, external rotation), including the
position in which the patient perceives that the
shoulder has become subluxated. The measured
glenohumeral distances are compared for the af-
fected shoulder and the healthy one: Differences
greater than 20 mm indicate dislocation, whereas
differences of 12 to 18 mm indicate subluxation
(Fig 6).

An attempt can also be made with US to detect
a variety of instability injuries that affect the glen-
oid labrum and the bone. The fibrocartilaginous
labrum can be visualized at US as a triangular,
homogeneously hyperechoic structure that caps
the bony rim of the glenoid (14). A thin (<2-mm)
hypoechoic zone at the base of the labrum is a
normal finding. The anterior labrum is best
scanned with curved-array transducers and low
frequencies (as low as 5 MHz) with an anterior or
axillary transverse approach performed either
with the patient’s arm in adducted position or
with the patient supine and the arm abducted 90°
with the elbow flexed (15). The posterior labrum
is easily evaluated with posterior transverse scans
of the GH]J at the level of the infraspinatus ten-
don; in contrast, the superior labrum is very diffi-

cult to see. Changes in the shape of the labrum
can be observed in different rotations of the arm.
A more pointed appearance is noted when trac-
tion is exerted on the labrum by the capsule (dur-
ing external rotation for the anterior labrum). In
general, the labrum is visualized more easily when
it is surrounded by joint effusion. In anterior
shoulder instability, the main criteria for anterior
labral tear are an enlarged (>2-mm) hypoechoic
zone at the base of the labrum, a truncated shape
or absence of the labrum, and abnormal motility
of the labrum at dynamic imaging, whereas an
altered labral echogenicity seems to represent an
inaccurate finding (15,16). On the other hand, a
small, altered labrum indicates degenerative
changes (15,17). In selected groups of young pa-
tients with acute traumatic or recurrent anterior
shoulder dislocation, US is reported to have a
sensitivity of 88%—-95% and a specificity of 67%—
100% in the diagnosis of labral tears (15). We
believe that US has a promising role in the evalu-
ation of the labrum, particularly in excluding la-
bral tears when the labrum appears normal. De-
spite having limitations in the assessment of the
anterior glenoid, US may occasionally demon-
strate fragmentation of the anteroinferior rim, a
finding that represents a Bankart lesion, as a V-
shaped bone defect over the anterior aspect of the
glenoid (15).
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Figure 7. Hill-Sachs lesion in a 47-year-old man with recurrent anterior shoulder instability.
(a) Transverse 12-5-MHz US image obtained over the posterior shoulder reveals a wide, deep,
and irregular grooved defect (arrows) of the humeral head (HH). IS = infraspinatus muscle.
(b) Radiograph helps confirm the presence of a Hill-Sachs lesion (arrow).

a.

Figure 8. Avulsion fracture of the greater
tuberosity in a 32-year-old man with anterior
shoulder instability. (a, b) Longitudinal (a)
and transverse (b) 12-5-MHz US images
demonstrate interruption of the continuity of
the humeral surface (arrowheads in b) and a
small fragment of bone (arrow) displaced su-
periorly into the supraspinatus tendon (SS).
(c) Radiograph helps confirm the presence of
an avulsion fracture (arrow).
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Figure 9. Auvulsion fracture of the lesser tuberosity in a 54-year-old woman with posterior shoul-
der instability. (a) Transverse 12-5-MHz US image obtained over the anterior shoulder shows a
large fleck of bone (arrows) avulsed from the humeral head (HH). Note the deep defect (arrow-
heads) on the anterior surface of the humerus and the continuity of the avulsed bone with the sub-
scapularis tendon (*). (b) Corresponding GRE MR image (500/15/20°) shows the avulsed bone
fragment (arrows), the humeral defect (arrowheads), and the subscapularis tendon (*).

US is more reliable in the detection of other
osseous injuries that accompany GH] instability,
such as Hill-Sachs and McLaughlin fractures and
avulsions of the tuberosities. Hill-Sachs deformity
is an osteochondral compression fracture located
on the posterolateral humeral head that occurs in
anterior shoulder dislocation. The fracture is cre-
ated when the posterolateral humeral head strikes
the anteroinferior glenoid rim during dislocation.
US has a reported sensitivity of 91%-100%, a
specificity of 89%—-100%, and an accuracy of
84%—-94% in detecting this lesion (18-20). The
posterolateral shoulder should be examined in a
transverse plane. A Hill-Sachs lesion appears as a
shallow wedge-shaped defect of the hyperechoic
bony contour of the humeral head at the point
where the infraspinatus inserts into the greater
tuberosity (Fig 7). The size and shape of the frac-
ture can easily be assessed with US. It is impor-
tant not to confuse a Hill-Sachs lesion with either
the surface erosions of the humeral head second-
ary to rotator cuff tendinopathy, which are usually
smaller and more superficial, or the more caudal
normal depression of the humeral neck (2). A
similar impaction fracture of the anterior surface
of the humeral head, commonly referred to as
trough fracture or McLaughlin fracture, is en-
countered in posterior GHJ dislocations. In such

cases, US can demonstrate a bone defect on the
anterolateral surface of the humeral head deep to
the subscapularis tendon.

Avulsions of the tuberosities can also be en-
countered in shoulder instability. Greater tuber-
osity fractures may arise from an acute distraction
avulsion injury caused by the supraspinatus ten-
don. When undisplaced, these fractures appear as
a break or step-off deformity of cortical bone at
the notch between the humeral head and the
greater tuberosity or at the junction of the hu-
meral shaft and the anatomic neck of the hu-
merus, thereby suggesting an elevated fragment
(21). The uplifted fragment may be angled or
overlapping, and the contiguous portion of the
supraspinatus tendon appears abnormally thick-
ened and heterogeneous due to edema and contu-
sion (Fig 8). Visualization of a well-demarcated
defect on the surface of the greater tuberosity can
help avoid misdiagnosis as calcifying tendinitis.
Avulsions of the lesser tuberosity can also be
found in posterior shoulder dislocations as a re-
sult of subscapularis traction (Fig 9). However,
conventional radiographs are necessary to con-
firm these findings.
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Figure 10. Mild AC]J sprain in a 42-year-old woman with posttraumatic shoulder
pain. Coronal (a) and sagittal (b) 13—10-MHz US images reveal a widened, echo-
genic joint space (arrowheads). A = acromion, C = clavicle.

Acromioclavicular Joint

Subluxation or dislocation of the ACJ may be a
source of shoulder pain that is often confused for
a rotator cuff tear because of the proximity of this
joint to the tendons of the rotator cuff. US is
more sensitive than conventional radiography in
detecting low-grade sprains. In such cases, the
superior capsule and ligament may become
prominent, and the joint cavity appears widened
and distended by hematoma or fluid (Fig 10).
When the ACJ is more severely injured, an up-
ward displacement of the distal end of the clavicle
can be appreciated. In high-grade dislocations, a
hypoechoic hematoma in the soft tissues between
the clavicle and the coracoid process may be con-
sidered as an indirect sign of injured coracocla-
vicular ligaments.

Although US is not routinely used in screening
for AC]J separation, some attempts have been
made with this modality to quantify acute and
chronic AC]J instability of varying severity accord-
ing to the radiographic scale described by Tossy

et al (22). The width of the joint is measured with
a coronal approach and compared with that of the
contralateral AC]J. Measurements should be taken
with the patient letting the arms hang down and
holding a 10-kg weight in each hand. An acro-
mioclavicular index (AC index) is then calculated
by dividing the ACJ width on the normal side by
that on the injured side. In Tossy-I injury, the
AC]J width was no more than 6 mm and the AC
index was 1.0; patients with Tossy-II instability
had a mean ACJ width of 10.2 mm on the injured
side and an AC index of 0.5; and patients with
Tossy-III instability and an indication for surgery
had a mean ACJ width of 22.3 mm on the injured
side and an AC index of less than 0.25 (23). Ad-
ditional measurements of the coracoclavicular
distance may increase diagnostic confidence.
Osteolysis of the clavicle may occur from sev-
eral weeks to several years after the AC]J trauma.
This process is self-limiting, with gradual repar-
ative changes occurring over a period of 4—6
months (24). At US, the resorption of the clavicu-
lar tip manifests as irregular cortical erosions as-
sociated with joint space widening, joint effusion,
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Posttraumatic osteolysis of the clavicle in a 25-year-old man with a 6-month history

of posttraumatic pain and tenderness over the ACJ. (a) Coronal 10-5-MHz US image demon-
strates irregular erosion (arrowheads) of the distal end of the clavicle (C). A = acromion. (b) Ra-

diograph helps confirm the presence of osteolysis (arrow).

and soft-tissue swelling, whereas the acromion
remains intact (Fig 11). Clavicular osteolysis
should be included in the differential diagnosis
when a patient experiences chronic pain or soft-
tissue swelling beyond the acute phase of the in-

jury.

Arthropathies and Bursites
US is commonly used to examine synovial disor-
ders. Knowledge of the soft-tissue anatomy and
of the technique for examining the main synovial
recesses and bursae around the shoulder girdle,
particularly the recesses of the GHJ and the sub-
acromial-subdeltoid (SA-SD) bursa, is essential
for the US examiner to avoid misdiagnoses and
pitfalls in the interpretation of pathologic find-
ings.

The GH] capsule extends from the boundaries
of the labrum and glenoid rim to the neck of the
humerus. To allow a wide range of arm move-
ments, the capsule is lax and redundant. In nor-
mal states, the joint space is a potential space that
is not visible at US; when the joint space contains
effusions, US may delineate fluid in the depen-
dent axillary pouch and in three main synovial
recesses: the posterior and anterior recesses and

the sheath of the LBT. Fluid in the axillary pouch
is evaluated on posterior transverse scans ob-
tained below the inferior edge of the teres minor
muscle. The transducer is moved upward, and
the posterior recess is then examined deep to the
infraspinatus tendon. Changes in the appearance
of a fluid collection in this recess can be appreci-
ated when the arm is externally rotated, which
reduces the tension on the posterior structures.
Increased fluid in the posterior recess splays the
infraspinatus tendon and creates a hypoechoic
crescent around the posterior labrum (Fig 12a).
Evaluation of the anterior recess is more complex
due to the deep location of the recess and often
requires a lower-frequency curvilinear array probe
and careful scanning technique. When fluid is
present, it can be appreciated on transverse scans
as a hypoechoic halo that surrounds the labrum.
An opening in the anterior capsule creates a com-
munication between the joint and the superior
subscapularis recess. This small recess has a
saddle shape; it originates between the anterior
neck of the scapula and the subscapularis tendon,
overlying and then descending anterior to the
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Figure 12. Fluid collections in the SA-SD bursa. (a) Transverse 12-5-MHz US image obtained
over the posterior shoulder reveals a bursal fluid collection (*) overlying the infraspinatus tendon
(IS). Note the coexistent joint effusion in the posterior recess () deep to the infraspinatus tendon.
G = glenoid, HH = humeral head. (b) Coronal 12-5-MHz US image obtained over the lateral
shoulder shows a bursal fluid collection (*) just inferior to the greater tuberosity (G7) and distal to
the insertion of the supraspinatus tendon (SS). (¢) Transverse 12-5-MHz US image obtained over
the anterior shoulder demonstrates a bursal fluid collection (*) that extends superficial to the bi-
cipital groove. Note the lack of fluid in the underlying biceps tendon sheath (arrow), a finding that
reflects the absence of communication between the SA-SD bursa and the GHJ. GT = greater tu-

berosity, LT = lesser tuberosity.

superior tendon edge. The superior subscapularis
recess does not usually extend beyond the tip of
the coracoid process unless a large, intraarticular
effusion causes considerable distention of the
joint cavity. Sagittal scans can better depict this
recess if it is distended by fluid. The superior sub-
scapularis recess should not be confused with the
larger subcoracoid bursa, which extends more
caudally and does not normally communicate
with the GHJ but may communicate with the
SA-SD bursa (25). The subcoracoid bursa ex-
tends deep to the conjoint tendon of the short
head of the biceps and the coracobrachial muscle
and may contain a large amount of fluid in cases
of anterior rotator cuff tears. It is best examined
by scanning just inferior and medial to the cora-
coid process with the patient’s arm adducted.
Furthermore, the synovial membrane extrudes at
the level of the rotator cuff interval to form the
LBT sheath. This sheath surrounds the LBT
down to approximately 4 cm beyond the distal
end of the bicipital groove. Because the LBT

sheath is merely an extension of the joint cavity,
joint effusion can lead to fluid in the sheath. Fluid
as a result of an isolated biceps tendinitis is rare.
In adhesive capsulitis (“frozen shoulder™), a

clinical syndrome characterized by pain and se-
verely restricted joint movement, thickening and
fibrosis of the joint capsule and synovium lead to
reduced articular volume capacity. Although US
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Rheumatoid arthritis in a 62-year-old woman with long-standing dis-

ease. (a) Transverse 12-5-MHz US image obtained over the posterior shoulder
reveals a hypoechoic soft-tissue mass that represents synovial pannus within the
posterior recess (arrowheads). In addition, there is a defect (arrow) of the posterior
humeral head (HH), a finding that represents erosion. G = glenoid. (b) Corre-
sponding GRE MR image (500/15/20°) demonstrates the soft-tissue mass (arrow-

heads).

cannot depict adhesions or help measure the re-
striction of the joint cavity, the diagnosis may be
suggested at dynamic scanning by either restric-
tion of sliding movements of the supraspinatus
tendon underneath the acromion during arm ab-
duction or persistent visualization of the supraspi-
natus tendon during lateral elevation of the arm
(26). Minimal synovial inflammation may be an
associated finding.

The SA-SD bursa covers a large area of the
shoulder. It extends medially to the coracoid pro-
cess and anteriorly to cover the bicipital groove,
whereas its lateral and inferior boundary is more
variable and extends to approximately 3 cm below
the greater tuberosity (27). The normal synovial
membrane of the bursa cannot be visualized at
US. The SA-SD bursa appears as a 2-mm-thick
complex consisting of an inner layer of hypo-
echoic fluid between two layers of hyperechoic
peribursal fat (28). Fluid collections tend to accu-
mulate in the most dependent portions of the
bursa and, more commonly, along the lateral
edge of the greater tuberosity, producing a typical
“teardrop” appearance (Fig 12b) (28). Small
amounts of fluid can go unnoticed if this portion
of the bursa is not examined or if fluid is squeezed
away by exerting excessive pressure with the
probe. More abundant fluid collections fill the

bursa anterior to the bicipital groove and must
not be confused with intraarticular fluid con-
tained within the LBT sheath (Fig 12c).

Inflammatory Diseases

Rheumatoid arthritis usually involves not only the
GH]J, but also the AC]J and the synovial bursae
around the shoulder. US has been shown to re-
veal synovitis in the early stages of disease, when
no radiographic changes are yet evident, as well as
to help differentiate between synovial hypertro-
phy and effusions (Fig 13) (29,30). In a selected
group of patients with symptomatic disease, US
assessment of synovitis has shown SA-SD bursitis
to be the most common finding, occurring in up
to 69% of cases, followed by GHJ involvement in
58% and biceps tendinitis in 57% (31). Overall,
no correlation was observed between these find-
ings and either duration or stage of disease ac-
cording to radiographic criteria for the evaluation
of hand or wrist joints. A quantitative assessment
of synovitis may be attempted by measuring the
widest distance between the humeral head and
the joint capsule in the axillary pouch and poste-
rior recesses (29,31). It may be difficult to distin-
guish fluid from the pannus in the posterior recess
because graded compression does not always
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Figure 14. AC]J cyst in a 68-year-old man with a chronic rotator cuff tear. (a) Clin-
ical photograph demonstrates a soft-tissue mass (arrow) that arises over the ACJ.
(b) Coronal 12-5-MHz US image reveals a cystic mass (arrowheads) that arises
from the AC]J. A = acromion, C = clavicle.

squeeze the fluid away owing to increased intraar-
ticular pressure. Color and power Doppler US
may be used to assess the activity of the inflam-
matory process by depicting hyperemic flow
within the synovial tissue (29). However, the reli-
ability of these findings seems inadequate for ob-
jective assessment, especially when color Doppler
US is used to evaluate response to therapy. It is
possible that US contrast agent will have a role in
this setting. Along with synovium, US is able to
reveal bone erosions, which usually appear as cor-
tical defects filled with hypoechoic pannus (30).
Loss of definition and thinning of the articular
cartilage can be demonstrated in advanced dis-
ease as well. Because it allows clear visualization
of the needle tip, US is excellent for imaging-
guided synovial needle biopsy as well as for intra-
articular injection of corticosteroids, thereby
avoiding the risks of inadvertent intratendinous
steroid injection. US-guided needle placement is
more accurate and less painful than needle place-
ment without US guidance. US has also been
used to investigate the structures involved by the
inflammatory process in polymyalgia rheumatica
(32-34). Most studies report that bursitis is seen
considerably less frequently than GH]J synovitis
(14%-16% versus 57%—66% of cases, respec-
tively) in this disease (32,33).

Degenerative and

Infiltrative Disorders

Degenerative osteoarthritis of the GHJ is most
often associated with chronic massive disruption
of the rotator cuff. US findings include bone

changes related to the superior subluxation of the
humerus, formation of osteophytes along the infe-
rior margin of the humeral head, bone spurring in
the tuberosities and at the bicipital groove, and
joint effusion. Superior humeral subluxation may
be identified at coronal US as a reduced acromio-
humeral distance. The humeral head shows loss
of the hypoechoic layer of articular cartilage and
bone irregularities; the greater tuberosity has a
smooth appearance and blends with the humeral
epiphysis. In these circumstances, detection of the
bicipital groove can be problematic. Reduced
thickness of the acromion may also be observed.
The subluxation of the humerus may lead to sec-
ondary damage of the inferior ACJ capsule and
passage of joint fluid through the AC]J, producing
a cyst in the soft tissues at the superior aspect of
the shoulder (“geyser sign”), a finding that may
be considered pathognomonic for long-standing
massive rotator cuff tears (Fig 14) (26). During
passive movements of the arm or exertion of pres-
sure on the cyst with the probe, debris may be
seen moving to and fro across the AC]J. In shoul-
der osteoarthritis, the progressive disintegration
of the articular surfaces leads to the formation
and release of intraarticular loose bodies which,
once freed into the joint cavity, can progressively
worsen the damage to the joint surfaces. Osteo-
chondral loose bodies usually remain trapped in
the most dependent portions of the GHJ, such as
the axillary pouch and the LBT sheath (Fig 15).
Most of these loose bodies appear as hyperechoic
areas with posterior acoustic shadowing. In some
cases, however, a thin layer of hypoechoic carti-
lage may be seen overlying the echogenic inter-
face of the subchondral bone (35). The size and
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a.

Figure 15. Intraarticular loose body in a 45-year-old woman. (a) Longitudinal

12-5-MHz US image of the shoulder obtained at the level of the sheath of the LBT

(arrowheads) demonstrates a loose body (arrow) surrounded by anechoic fluid in

the synovial space. (b) Corresponding radiograph shows the fragment with a typical

laminated concentric appearance (arrow).

a. b.

Figure 16. Intraosseous loculation of calcifying tendinitis in a 54-year-old man with boring shoulder pain.

(a) Longitudinal 12-5-MHz US image of the supraspinatus tendon demonstrates calcific slurry (arrow) within

the tendon. The calcific material extends into a deep cavity within the greater tuberosity (arrowheads). (b) Cor-

responding CT scan demonstrates the calcifications (arrow) and the cavity within the greater tuberosity (arrow-

heads).

position of a fragment can be reliably evaluated chondrocalcinosis (36). These crystals appear as a

with US, but the exact number of fragments can- blurry hyperechoic line that runs parallel to the

not always be established. cartilage surface. In patients with calcifying tendi-

Other conditions that lead to the rapid devel- nitis, the calcific deposit may extrude either into

opment of joint destruction with deposition of the bone or within the SA-SD bursa. Intraosseous

calcium apatite crystals cannot be specifically calcific material can be visualized as a hypoechoic

identified in patients with rotator cuff osteoarthri- notch in the greater tuberosity that contains scat-

tis. On the other hand, US is sensitive in depict- tered foci of increased echogenicity (Fig 16). In

ing the deposition of pyrophosphate crystals in
the cartilage of the humeral head in patients with
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Intrabursal rupture of calcifying tendinitis in a 46-year-old woman with severe shoulder pain and

tenderness. (a) Coronal 12-5-MHz US image obtained over the lateral shoulder reveals a thickened SA-SD
bursa that contains fluid (*) and calcified material (arrow) just inferior to the greater tuberosity (GT) and distal
to the insertion of the supraspinatus tendon (SS). (b) Corresponding radiograph shows calcified material (ar-
row) that lies in the dependent lateral portion of the SA-SD bursa.

intrabursal rupture, calcific slurry may manifest as
a fluid-calcification level in the dependent pouch
of a thickened bursa (Fig 17). Although subtle,
these findings may help explain the severe pain
that usually accompanies the extrusion of cal-
cium. Markedly echogenic thickening of the syno-
vium (especially in the SA-SD bursa), periarticu-
lar nodules within the soft tissues surrounding the
rotator cuff, and bone erosions may be observed
in dialysis-related shoulder arthropathy, findings
that reflect amyloid deposition of ,-microglobu-
lin as an amyloid protein (37-39). US features of
shoulder amyloidosis are varied and also include a
heterogeneous and thickened rotator cuff, espe-
cially with involvement of the supraspinatus and
subscapularis tendons. US allows early diagnosis
based on these findings and should be useful in
disease follow-up.

Infections

Septic arthritis of the GH] mainly results from the
inadvertent introduction of bacteria during non-
sterile iatrogenic procedures such as arthrocente-
sis or injection of corticosteroids into the joint.
Although US is sensitive in the detection of GH]J
effusion, particularly in the shoulder in which
physical examination is less reliable, US findings
usually do not allow differentiation of a nonin-
fected joint effusion from septic arthritis (40).

Figure 18. Septic bursitis in a 37-year-old
woman who presented with increasing shoulder
pain and swelling after undergoing corticosteroid
injection. Coronal 12-5-MHz US image ob-
tained over the lateral shoulder demonstrates an
SA-SD bursa (arrowheads) that is grossly dis-
tended by highly echogenic fluid. Aspiration re-
vealed purulent material.

Definitive diagnosis requires analysis of the fluid,
possibly aspirated under US guidance. A large-
bore (16—18-gauge) needle is ideal for this pur-
pose because purulent material can be too thick
and viscous to be aspirated with a small needle.
The needle should be inserted at the midglenohu-
meral level and directed into the posterior recess
through the infraspinatus. Septic arthritis is usu-
ally not associated with bursal infection unless a
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Figure 19.
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Paralabral ganglion cyst. Coronal 12-5-MHz US images of the inferior GHJ show an

abnormal hypoechoic area (arrowhead in a) in the inferior labrum (arrows in a) that represents an
inferior labral tear. The tear is contiguous with a small paralabral cyst (arrows in b) that extends
inferiorly. Note the humeral head (HH) covered by hypoechoic articular cartilage (* inb). G =

glenoid.

full-thickness rotator cuff tear is present; how-
ever, these two entities may overlap to such an
extent that clinical differentiation may be diffi-
cult. At US, an infected SA-SD bursa may appear
distended by a complex fluid collection that con-
tains debris and septa (Fig 18) (40,41). The bur-
sal walls may be thickened, and peribursal hypo-
echoic strands that represent edema in the sur-
rounding soft tissues may be an associated
finding. Although color and power Doppler US
may depict hyperemic flow in the synovial walls
and around the bursa, this finding is not consid-
ered specific for infectious disease. When the joint
recesses are fluid free, US is reliable in making a
correct diagnosis of isolated bursal involvement,
thus obviating arthrocentesis with its potential
complications (41). US-guided aspiration of the
infected bursa may help avoid inadvertent con-
tamination of the underlying sterile joint caused
by traversing the infected bursa with the needle.
In sepsis of the AC]J, US is useful for excluding
involvement of the adjacent SA-SD bursa and
GH]J. The main US findings are superior bulging
of the joint capsule, widening of the joint space
with erosion of the bony edges, and debris mov-
ing freely within the joint space (42). Although
aspiration of the infected joint can easily be per-
formed without imaging guidance, US allows the
procedure to be performed more confidently.

Nerve Entrapment Syndromes
A torn labrum may be accompanied by the devel-
opment of paralabral ganglion cysts. These cysts
are somewhat similar to those associated with me-
niscal tears of the knee and may develop from the
abnormal passage of joint fluid through the la-
brum. In the shoulder, paralabral cysts most com-
monly arise from the superior or posterior labrum
as a consequence of a superolateral anterior-to-
posterior tear or posterior instability, respectively.
Rarely, they may extend from the anteroinferior
glenoid. Posterior paralabral cysts can spread into
the spinoglenoid notch, suprascapular notch, or
both notches of the scapula, deep to the myoten-
dinous junction of either the supraspinatus or in-
fraspinatus muscle (43). Routine scanning of the
posterior shoulder with low magnification is rec-
ommended for detecting these cysts owing to
their deep location. US can help identify parala-
bral ganglion cysts as rounded or oval hypoechoic
lesions with well-defined margins that remain
relatively fixed in location and shape during
shoulder movements (44). Occasionally, the neck
of the ganglion can be visualized within the torn
labrum (Fig 19). Progressive enlargement of
paralabral cysts at these sites may indicate an
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Suprascapular nerve entrapment at the spinoglenoid notch in a 54-year-old man.

Longitudinal 12-5-MHz US image obtained over the posterior shoulder (a) and corresponding
coronal fat-saturated GRE MR image (700/15/20°) (b) reveal an oval cystic lesion (*) located deep
to the infraspinatus tendon (IS) and medial to the glenoid (G), a finding that is consistent with a
ganglion cyst. Note the thin neck of the cyst (arrowheads in a) directed toward the GHJ. H = hu-

meral head.

entrapment neuropathy of the suprascapular
nerve (Fig 20).

The suprascapular nerve descends from the
suprascapular notch to the supraspinatus fossa,
sending branches to supply the supraspinatus
muscle, and then continues down into the spi-
noglenoid notch to supply the infraspinatus
muscle. This anatomic layout may help explain
the main characteristics of nerve dysfunction: If
the ganglion expands in the supraspinous notch,
it causes atrophy of both the supraspinatus and
infraspinatus muscles; if the ganglion expands in
the spinoglenoid notch, it leads to isolated atro-
phy of the infraspinatus muscle (45). The supra-
scapular nerve may occasionally be visualized at
US in the spinoglenoid notch adjacent to the su-
prascapular artery. US can help identify the cyst
and help assess degenerative changes in dener-
vated muscles based on their loss in bulk and in-
creased reflectivity due to replacement by fat. US
may also help exclude tendon rupture. Needle
aspiration of the ganglion can be attempted under
US guidance (44,45). The reported success rate
of this procedure is 86% (45).

Another compressive neuropathy in the poste-
rior shoulder involves the axillary nerve (46). This
nerve arises from the posterior cord of the bra-
chial plexus near the level of the coracoid process.
It passes along the inferolateral border of the sub-
scapularis muscle, around which it winds to tra-

verse the so-called “quadrilateral space” that lies
in intimate contact with the inferior capsule, and
supplies the teres minor and deltoid muscles (47).
The quadrilateral space is delimited by the teres
minor muscle superiorly, the teres major muscle
inferiorly, the long head of the triceps muscle me-
dially, and the humeral neck laterally. Axillary
nerve compressive neuropathy most often occurs
in association with fibrous bands in the quadrilat-
eral space. It can be difficult to diagnose clini-
cally, given that the relative contributions of the
teres minor and infraspinatus muscles cannot be
determined with certainty. However, space-occu-
pying lesions, including paralabral cysts that ex-
tend from the inferior glenoid in association with
a tear of the inferior labrum, may also result in
such nerve entrapment (48). Although the axillary
nerve is too small to be recognized at gray-scale
US, color Doppler US can provide indirect infor-
mation about its location by depicting flow signals
from the adjacent posterior circumflex artery.
Even without any detectable soft-tissue abnor-
mality along the nerve course, selective atrophy of
the innervated muscles in the absence of a tendon
tear strongly supports the diagnosis of a nerve
lesion (Fig 21).

Space-occupying Lesions
Superficial masses around the shoulder (eg, sub-
cutaneous lipomas, ganglia) can generally be
identified at US. However, deep-seated lesions
may be difficult to recognize. The most common
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Axillary nerve entrapment in a 24-year-old man with no obvious history of trauma. (a) Sagittal

extended-field-of-view 12-5-MHz US image obtained over the posterior fossa demonstrates loss in bulk and
increased echogenicity of the teres minor muscle (7m), a finding that is consistent with fat atrophy. The in-
fraspinatus muscle (IS) is preserved. D = deltoid muscle. (b) Corresponding US image obtained on the con-
tralateral side shows a normal teres minor muscle (77) and infraspinatus muscle (IS). * = spine of the scapula,

D = deltoid muscle.

a.

Figure 22.

Elastofibroma dorsi in a 46-year-old man with stiffness and clicking of the scapula. (a) Clinical

photograph obtained with the patient’s arm abducted shows a mass effect in the dorsum (arrow). (b) Trans-
verse 12-5-MHz US image reveals an elastofibroma dorsi (arrows). The mass exhibits a typical striated appear-
ance created by hypoechoic stripes of fat (arrowheads) on an echogenic background (*), a finding that repre-

sents fibroelastic tissue.

of these lesions is elastofibroma dorsi, a reactive
pseudotumor located in the subscapular region
that is often bilateral and associated with hard
manual labor. Elastofibromas appear as crescentic
masses between the extrinsic back muscles and
the costal plane. They are composed of alternat-
ing fatty and fibrous tissue planes, which gives the
mass a multilayered appearance (49). At US,
elastofibroma dorsi has a peculiar multilayered
appearance created by interspersed linear and
curvilinear hypoechoic strands (fatty tissue)
against an echogenic background (the fibroelastic
bulk of the mass) (Fig 22) (50). In the appropri-

ate clinical setting, the US diagnosis of elastofi-
broma can obviate further imaging and biopsy.

Conclusions

As experience increases, high-resolution US is
proving to be a rapid, low-cost, accurate means of
assessing a spectrum of non-rotator cuff disorders
that affect the shoulder girdle. In the setting of
shoulder instability, dynamic US performed with
varying degrees of patient arm rotation and joint
stress maneuvers provides unique information
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that cannot be obtained with other imaging meth-
ods by depicting subtle disorders such as inter-
mittent dislocation of the biceps tendon. In poste-
rior shoulder instability, a frequently missed diag-
nosis, US allows direct assessment of the extent of
humeral head displacement, whereas in anterior
shoulder dislocation it can help identify Hill-
Sachs lesions and glenoid labrum tears. In the
work-up of shoulder arthritis, US depiction of
cortical erosions can support the choice of an ag-
gressive therapy. Color and power Doppler US
may also help differentiate active from fibrous
pannus, thereby influencing treatment duration.
In addition, US can be used to guide synovial bi-
opsy and joint fluid aspiration if septic or micro-
crystalline arthritis is suspected clinically. Supra-
scapular or axillary nerve entrapment may be dif-
ficult to differentiate clinically from rotator cuff
lesions. US has been shown to play a role in the
diagnosis of these conditions. When a soft-tissue
mass is evident in the shoulder area, US can help
determine whether the mass is solid or cystic.
Many shoulder masses (eg, ganglia, synovial
cysts, lipomas, elastofibromas) have a pathogno-
monic location and appearance and can be clearly
assessed with US apart from MR imaging.

Once adequate radiographs have been ob-
tained to exclude apparent bone disorders, high-
resolution US should be the first-line imaging
modality in the assessment of non—rotator cuff
disorders of the shoulder, assuming the study is
performed with high-end equipment by an experi-
enced examiner. More costly and invasive mo-
dalities such as MR imaging, CT arthrography,
and MR arthrography should be reserved for
bone marrow evaluation and preoperative assess-
ment.
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