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The accuracy of shoulder ultrasonography (US) is largely 
dependent on the US examination technique. It is essen-
tial that the individual performing the US examination has 
an understanding of pertinent anatomy, such as bone sur-
face anatomy and tendon orientation. It is also important 
to be familiar with imaging pitfalls related to US technique, 
such as anisotropy. In this article, shoulder US scanning 
technique, as well as related anatomy and scanning pitfalls, 
will be reviewed. The use of a protocol-driven shoulder US 
examination is important to ensure a comprehensive and 
effi cient evaluation. An on-line video tutorial demonstrat-
ing a shoulder US also accompanies this article.
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                                          The shoulder is commonly evaluated 
with ultrasonography (US), with 
which various rotator cuff diseases 

can be effectively diagnosed, including 
tendinosis, tendon tear, and bursitis 
( 1 , 2 ). Accuracies in the diagnosis of rota-
tor cuff tears can reach 100% for full-
thickness tears ( 3 ) and 91% for partial-
thickness tears ( 4 ); however, accuracy 
can be variable, depending on the skill 
and experience of the individual per-
forming the US examination ( 5 ). When 
the shoulder is evaluated with US, a scan-
ning protocol is followed that includes 
a checklist of key structures ( Table ). 
Such an evaluation is critical for a thor-
ough, comprehensive, and effi cient ex-
amination. It has also been shown that 
patients with shoulder disease do not 
indicate focal symptoms that directly 
correlate with the location of disease; 
therefore, a focused ultrasound alone is 
inadequate ( 6 ). The fi rst step to devel-
oping a comprehensive shoulder US ex-
amination is a thorough understanding 
of the anatomy. In this review of shoul-
der US technique, key shoulder anat-
omy will be emphasized. This will be 
followed by a description of step-by-
step US technique that can be effective 
in evaluating the shoulder. This is accom-
panied by a video showing a demonstra-
tion of shoulder US (  Movie   [online]). 
Last, several common and im portant 
pitfalls of a shoulder US technique will 
be emphasized.      

 Anatomy 

 The shoulder is a synovial articulation 
between the glenoid and the humeral 

head in which the shallow glenoid artic-
ulation is deepened an additional 50% 
by the fi brocartilaginous labrum that 
forms a rim around the perimeter of the 
glenoid ( 7 ). Both the glenoid and the 
humeral head are covered by a layer of 
hyaline articular cartilage. Four muscles 
attach as tendons onto the proximal hu-
merus and make up the rotator cuff: 
supraspinatus, subscapularis, infraspi-
natus, and teres minor ( Fig 1 ). The su-
praspinatus is located in the suprascap-
ular fossa of the scapula and inserts 
onto the greater tuberosity of the prox-
imal humerus. The subscapularis is lo-
cated anterior to the scapula and in-
serts onto the lesser tuberosity of the 
proximal humerus. The infraspinatus is 
located posterior to the scapula inferior 
to the scapular spine and inserts onto 
the posterior aspect of the greater tu-
berosity, and the teres minor is located 
just inferior to the infraspinatus and also 
inserts onto the greater tuberosity.     

 By taking a closer look at the greater 
tuberosity, familiarity with facet anat-
omy and bone landmarks can assist 
in correctly identifying the individual 
tendons of the rotator cuff ( Fig 2 ). The 
greater tuberosity consists of three fac-
ets moving from anterior to posterior: a 
superior facet, a middle facet, and an 
inferior facet. The supraspinatus is ap-
proximately 23 mm in width (measured 
anterior to posterior), of which the an-
terior 13 mm inserts onto the superior 
facet and the posterior 10 mm inserts 
onto the anterior aspect of the middle 
facet ( 8 ). The infraspinatus is approxi-
mately 22 mm in width (measured an-
terior to posterior) and inserts onto the 
middle facet of the greater tuberosity, 
superfi cially overlapping the supraspi-
natus tendon by 10 mm ( 8 ). It should 
be noted that some variability in the 
distal cuff insertion may exist, as an-
terior extension of the infraspinatus 
tendon over the superior facet and an-
terior extension of the supraspinatus 
tendon to the lesser tuberosity have 
been described ( 9 ). The teres minor at-
taches onto the inferior facet of the 
greater tuberosity, located posterior. 
Tendon attachment to the greater tu-
berosity is by means of a fi brocartilagi-
nous enthesis ( 10 ).     

 One should also be familiar with the 
anatomy of the supraspinatus footprint 
at the greater tuberosity, as many rota-
tor cuff tears involve this area ( Fig 3 ). If 
one follows the articular cartilage over 
the humeral head from medial to lateral, 
the cartilage will terminate at a sulcus 
formed between the humeral head and 
greater tuberosity. Just lateral to the 
hyaline articular cartilage termination 
is a 1.5–1.9-mm bare area devoid of 
cartilage, and immediately lateral one 
will see the articular fi bers of the rota-
tor cuff attach to the greater tuberosity 
( 11 ). Beyond this sulcus, the distal su-
praspinatus attachment occurs over a 
distance of approximately 12 mm from 
medial to lateral on the greater tuber-
osity facet, termed the  supraspinatus 
footprint  ( 11 ). A similar anatomic ap-
pearance is seen at the infraspinatus 
attachment; however, the sulcus or bare 
area between the termination of the hy-
aline articular cartilage and the middle 
facet of the greater tuberosity is wider 
(13.9 mm) and is a site of cortical irreg-
ularity with cysts that may be consid-
ered a normal variation ( 12 , 13 ). The 
subscapularis attaches to the lesser tu-
berosity, with superfi cial fi bers extend-
ing over the bicipital groove as the 
transverse humeral ligament.     

 The rotator interval is a space be-
tween the anterior leading edge of the 
supraspinatus tendon and the superior 
edge of the subscapularis tendon. In 
this space, the long head of the biceps 
brachii tendon becomes intraarticular 
as it courses toward the supraglenoid 
tubercle of the scapula. The rotator in-
terval also allows a direct communica-
tion between the glenohumeral joint 
and the subscapularis recess. In the ro-
tator interval, the coracohumeral liga-
ment is seen superfi cial to the biceps 
brachii tendon, and the superior gle-
nohumeral ligament is seen medial, form-
ing a slinglike band that surrounds the 
biceps brachii tendon ( 14 ). 

 Essentials 

   A protocol-driven to approach to  n

shoulder US technique will ensure 
a comprehensive and effi cient 
examination.  

  Understanding bone surface  n

anatomy is important to identify 
tendon orientation.  

  Imaging should be aligned in  n

short and long axis of a tendon.  

  Anisotropy must be recognized  n

and avoided.   
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 There are several other anatomic struc-
tures about the shoulder that deserve 
mention. First is the acromioclavicular 
joint, which is also a synovial articula-
tion. A fi brocartilage disc is located in the 
acromioclavicular joint, which degen-
erates and usually disintegrates by the 
age of 40 years ( 15 ). Another anatomic 
structure is the subacromial-subdeltoid 
bursa. This extraarticular synovial space 
is primarily located between the supraspi-
natus tendon and the coracoacromial 
arch, but can extend anterior over the 
bicep brachii long head and subscapu-
laris tendons and posterior over the in-
fraspinatus tendon. The coracoacromial 
arch is located over the supraspinatus 
tendon and subacromial-subdeltoid bursa 
and consists of the coracoid, the cora-
coacromial ligament, and the acromion.   

 Technique  

 General Comments 
 For US evaluation of the shoulder, the 
author prefers to scan facing the front of 
the patient rather than behind the pa-
tient. The patient is sitting on a stool 
(without wheels) equipped with a short 
back support, which allows patient sta-
bility and US access to all aspects of the 
shoulder. The author also prefers to sit 
on a stool with wheels to allow mobility. 
The sonographer should perform the ex-
amination in a comfortable position so 
as to avoid developing work-related in-
juries ( 16 ). To reduce strain, the sonog-
rapher should ideally be positioned so 
that his or her shoulder is higher than 
the patient’s shoulder, and the elbow 
should be close to the body rather than 
extending the arm toward the patient. 
The transducer should also be held at its 
end, stabilizing the transducer by resting 
either the edge of the hand or the little 
fi nger on the patient, which also reduces 
strain on the shoulder and allows fi ne 
motor control during US scanning. 

 At the beginning of the examination, 
obtaining a brief history can provide 
clues to the underlying disease. For ex-
ample, it is common for patients with 
rotator cuff disease to describe pain 
that radiates to the elbow and often 
awakens them at night. Information with 

regard to trauma, mass, or infection is 
also helpful. A patient older than age 
40 years of age is more likely to have a 
rotator cuff tear compared with a youn-
ger patient, who is more likely to have 
labral disease. At the end of the US ex-
amination, the author prefers to inform 
the patients of their results and answer 
questions. This interaction can make the 
US examination a positive experience 
for the patient. 

 From beginning to end, most shoul-
der US examinations can be completed 
in less than 10 minutes. If the shoulder 
is normal, the time required is often 
less than 5 minutes, although this de-
pends on the experience of the sonog-
rapher. It is critical that a protocol be 
followed to provide a comprehensive 
evaluation, as a focused examination of 
the shoulder is considered inadequate. 

At the end of the protocol, it is always 
important to ask the patient if he or she 
has focal symptoms; focused scanning at 
that site may reveal disease not evaluated 
during the routine shoulder protocol. 

 With regard to US equipment, im-
age resolution improves as the frequency 
of the transducer increases, but this 
is at the expense of depth penetration. 
In general, an ultrasound probe of at 
least 10 MHz will suffi ce. For an average-
sized patient, a transducer of 12–15 MHz 
produces detailed images with high res-
olution, while uncommonly a 9-MHz 
transducer is required for extremely 
large patients to allow depth penetra-
tion, but this is at the expense of lower 
resolution. The transducer should be 
linear (with a fl at rather than curved 
surface) so that the sound beam propa-
gates through the soft tissues in a similar 

  Shoulder US Protocol 

  Step No. Protocol 
 1 Biceps brachii tendon, long head 
 2 Subscapularis and biceps brachii tendon, subluxation/dislocation 
 3 Supraspinatus and rotator interval 
 4 Acromioclavicular joint, subacromial-subdeltoid bursa, and dynamic evaluation 

 for subacromial impingement 
 5 Infraspinatus, teres minor, and posterior labrum  

  
 Figure 1:      Shoulder anatomy. Illustrations of  (a)  anterior and  (b)  posterior shoulder show supraspinatus 
 (SS) , infraspinatus  (IS) , subscapularis  (S) , teres minor  (Tm) , and long head of the biceps brachii tendon  (B) . 
Subacromial-subdeltoid bursa is overlying the rotator cuff (light blue). (Image courtesy of Carolyn Nowak, Ann 
Arbor, Mich.)    

Figure 1   
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linear fashion. This will ensure that the 
sound beam is directed perpendicular 
to the tendon fi bers and minimize an-
isotropy, which causes the tendon to 
appear artifactually hypoechoic. The 
true US characteristics of a normal 
tendon are only seen when the tendon 
is imaged perpendicular to the sound 
beam. If the bone cortex under a tendon 
is clearly defi ned and hyperechoic, that 

  
 Figure 4:       Long head of the biceps brachii tendon (short axis).  (a)  Transducer placement.  (b)  Correspond-
ing US image shows long head of the biceps brachii tendon (arrow) in the bicipital groove (arrowhead). 
 LT  = lesser tuberosity. Right side of image is medial.  (c)  US image shows hypoechoic appearance 
of the tendon (arrow) due to anisotropy when not imaged perpendicular to the sound beam.    

Figure 4   

  
 Figure 5:       Long head of the biceps brachii tendon (long axis).  (a)  Transducer placement.  (b)  Corresponding 
US image shows long head of the biceps brachii tendon (straight arrows) in long axis.  D  = deltoid muscle. 
Curved arrow = subacromial-subdeltoid bursa. Right side of image is distal.  (c)  US image shows hypoechoic 
appearance of the tendon (arrows) due to anisotropy when not imaged perpendicular to the sound beam.    

Figure 5   

  
 Figure 2:      Greater tuberosity facets. Illustration of 
lateral aspect of proximal humerus shows location 
of supraspinatus  (SS)  and infraspinatus  (IS)  tendon 
attachments relative to the greater tuberosity facets. 
 B  = long head of biceps brachii tendon,  LT  = lesser 
tuberosity. Right side of image is anterior. (Image 
courtesy of Carolyn Nowak, Ann Arbor, Mich.)    

Figure 2   

  
 Figure 3:      Supraspinatus footprint. Illustration of 
long-axis section through supraspinatus tendon  (SS)  
shows footprint attachment at greater tuberosity 
(arrowheads). Hyaline articular cartilage covers the 
humeral head (curved arrow). Note sulcus between 
hyaline cartilage and tendon attachment (straight 
arrow).    

Figure 3   
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beam is angled superiorly. The normal 
tendon will then appear hyperechoic 
and fi brillar. The long head of the biceps 
brachii tendon is followed proximally 
to where the bicipital groove becomes 
shallow and then distal to the level of 
the pectoralis major tendon, which is 
identified coursing over the biceps 
tendon to insert on the lateral aspect of 
the bicipital groove. The transducer is 
then turned 90° to visualize the biceps 
tendon in long axis ( Fig 5a ). Transducer 
pressure distally is usually needed to 
aim the ultrasound beam cephalad and 
perpendicular to the biceps tendon, 
which will appear hyperechoic and fi -
brillar ( Fig 5b ). If the biceps brachii 
tendon is oblique to the sound beam, it 
will appear hypoechoic from anisotropy 
( Fig 5c ). Some US machines have beam-
steering capabilities that can also be 
used to reduce anisotropy. The biceps 
tendon is evaluated for abnormalities 
such as tendinosis and tendon tear, as 
well as surrounding joint fl uid or teno-
synovitis. Only a sliver of fl uid poste-
rior to the biceps tendon is considered 
physiologic.           

 Step 2: Subscapularis and biceps 
tendon subluxation/dislocation.—  With 
the patient’s hand remaining palm up 
on his or her lap, the transducer is 
again placed over the anterior shoulder 
in the axial plane to visualize the bicip-
ital groove ( Fig 4a ). The transducer is 
then centered over the lesser tuberosity 
at the medial aspect of the bicipital 
groove. The subscapularis tendon will 
be seen in long axis coursing anterior 
toward the lesser tuberosity and will 
appear artifactually hypoechoic from 
anisotropy ( Fig 6a ). The patient is then 
asked to externally rotate the shoulder 
( Fig 6b ). As the lesser tuberosity ro-
tates laterally, the subscapularis located 
inferior to the coracoid is pulled lateral, 
eliminating anisotropy as its fi bers are 
oriented perpendicular to the sound 
beam in long axis ( Fig 6c ). The trans-
ducer is moved superior and inferior to 
ensure complete evaluation. Care must 
be taken to adequately visualize the most 
superior aspect of the subscapularis, 
as most subscapularis tears associated 
with supraspinatus tears will involve this 
area. The transducer is then rotated 

  
 Figure 6:      Subscapularis tendon (long axis).  (a)  Centered over lesser tuberosity  (LT) , US image shows sub-
scapularis tendon (arrows) artifactually hypoechoic from anisotropy.  B  = biceps brachii tendon. Right side of 
image is medial.  (b)  Transducer placement with shoulder externally rotated.  (c)  Corresponding US image 
shows hyperechoic and fi brillar subscapularis tendon (arrows).  LT  = lesser tuberosity.    

Figure 6   

indicates the sound beam is perpen-
dicular to the cortex and also therefore 
perpendicular to the overlying tendon, 
minimizing anisotropy. 

 The following demonstrates the se-
quential steps that the author follows to 
evaluate the shoulder with US: The ba-
sic objectives for each step are to  (a)  
identify the tendon of interest,  (b)  
image the tendon in two planes (long 
and short axis),  (c)  eliminate artifact 
by directing the ultrasound beam per-
pendicular to the tendon, and  (d)  diag-
nose disease. These same objectives 
also apply to other imaging, such as 
magnetic resonance (MR) imaging. In-
deed, oblique imaging of a tendon 
(rather than in short and long axis) is a 
telltale sign of poor technique, which is 
readily apparent even on static US im-
ages. With regard to documentation of 
imaging, each structure on the check-
list should be imaged in two planes. If 
disease is identifi ed, more images are 

obtained to further characterize and 
document any abnormality. If available, 
cine clips of each structure provide in-
formation that can be later reviewed at 
a workstation.  

 Step 1: Biceps brachii tendon, long 
head.—  The patient is asked to place his 
or her hand palm up on the lap. The 
transducer is placed in the axial plane 
on the body over the anterior shoulder 
( Fig 4a ). The bicipital groove is identi-
fi ed by its characteristic bone contours, 
with the bone surface appearing hyper-
echoic with posterior acoustic shadow-
ing. Within the bicipital groove lies the 
long head of the biceps brachii tendon, 
seen in short axis ( Fig 4b ). Because the 
biceps tendon is coursing deep away 
from the skin surface, it is common for 
the tendon to appear artifactually hy-
poechoic from anisotropy ( Fig 4c ). This 
artifact is eliminated by rocking (or 
toggling) the transducer along the long 
axis of the tendon so that the sound 
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90° ( Fig 7a ) to visualize the subscapu-
laris tendon in short axis ( Fig 7b ). The 
hypoechoic subscapularis muscle, which 
interdigitates with its multiple hyper-
echoic tendons, or tendon anisotropy 
should not be misinterpreted as disease 
( Fig 7c ). The US transducer is again ro-
tated 90° along the long axis of the sub-
scapularis and moved laterally over the 
bicipital groove to ensure that the long 
head of the biceps brachii tendon is 
normally located in the bicipital groove. 
Partial displacement of the biceps tendon 
from the bicipital groove is termed  sub-
luxation , while complete medial dis-
placement is termed  dislocation . Such 
abnormal position of the biceps tendon 
may only occur transiently during ex-
ternal shoulder rotation.           

 Step 3: Supraspinatus and rotator 
interval.—  The goal in imaging the su-
praspinatus tendon, similar to other 
structures, is to visualize the tendon 
exactly in long and short axis. It should 
be noted that rotation of the proximal 
humerus will change the tendon ori-
entation and therefore the imaging 
plane of the supraspinatus. This same 
issue also occurs when imaging the su-
praspinatus tendon with MR imaging. 
The key to understanding the correct 
imaging plane of the supraspinatus is to 
recognize the location of the greater tu-
berosity and to identify the bone land-
marks. The location of the greater 
tuberosity will change depending how 
the shoulder is positioned. 

 Initial descriptions of shoulder US 
technique used the Crass position for 
evaluation of the supraspinatus, where 
the dorsal aspect of the ipsilateral hand 
is placed behind the back ( 17 ). This hy-
perextended and internally rotated po-
sition pulls the supraspinatus tendon 
out from under the acromion. In this 
position, the greater tuberosity is lo-
cated directly anterior; to obtain a 
long-axis view of the supraspinatus, the 
transducer is simply placed in the sag-
ittal plane over the anterior shoulder. 
The primary advantage of the Crass 
position is easy and reliable localization 
of the greater tuberosity; however, dis-
advantages include poor visualization 
of the rotator interval and patient dis-
comfort. Because of this, the author 

uses a modifi ed Crass position, where 
the patient’s ipsilateral hand is placed 
on the closest hip or buttock region 
( Fig 8a ), which allows easy visualiza-
tion of the rotator interval with little 
patient discomfort ( 18 ). In this posi-
tion, the greater tuberosity is now lo-
cated more lateral than with the Crass 
position as the degree of internal rota-
tion is decreased. The long-axis plane 
of the supraspinatus is approximately 
45° in a plane inferior and lateral from 
the acromioclavicular joint. The patient’s 
elbow should point posterior while 
in the modifi ed Crass position so that 
the rotator interval can be adequately 
visualized.     

 Once the patient is in the modifi ed 
Crass position, the supraspinatus tendon 
is visualized in long axis ( Fig 8b ). This 
long-axis view of the supraspinatus is 
an important view in that the anatomic 
surfaces of the supraspinatus tendon 
(intraarticular, bursal, greater tuberos-
ity) are identifi ed, allowing accurate 
characterization of a tear (articular, bur-

sal, intrasubstance, or full-thickness). 
Two crucial points must be made with 
regard to supraspinatus tendon evalua-
tion. The fi rst is that the entire width of 
the greater tuberosity must be evalu-
ated (anterior to posterior) by sweep-
ing the transducer over 2–2.5 cm to 
ensure complete evaluation. The second 
point is that many supraspinatus tears 
occur anterior near the rotator inter-
val. This is why the modifi ed Crass view 
is effective. When imaging the supraspi-
natus tendon, it is ideal to begin just 
anterior to the supraspinatus over the 
rotator interval and the long head of 
the biceps brachii tendon. This ensures 
that the most anterior aspect of the su-
praspinatus has been included so as to 
not overlook a tear. In addition, once 
the long axis of the biceps tendon is in 
plane ( Fig 8c ), this establishes the long-
axis plane of the supraspinatus so that 
the transducer is then simply moved 
posterior over the tuberosity in the 
same imaging plane to complete evalua-
tion of the supraspinatus tendon. Several 

  
 Figure 7:      Subscapularis tendon (short axis).  (a)  Transducer placement with shoulder externally rotated.  (b)  
Corresponding US image shows hyperechoic and fi brillar subscapularis tendon (arrows).  H  = humeral head. 
Right side of image is inferior.  (c)  US image shows hypoechoic tendon bundles from anisotropy (arrowheads) 
when not imaged perpendicular to the sound beam.    

Figure 7   
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images are obtained sequentially from 
anterior to posterior over the greater 
tuberosity, focusing not only distally at 
the footprint but also more proximally 
as well. The position of the transducer 
over the superior and middle facets of 
the greater tuberosity becomes apparent 
on the US images; the angle between 
the curved articular surface of the hu-
meral head and the tuberosity surface 
has a more defi ned angle at the supe-
rior facet ( Fig 8b ) compared with the 
middle facet ( Fig 8d ), where the angle 
is nearly fl at. As the transducer is moved 
posterior over the middle facet of the 
greater tuberosity, alternating thin hy-

poechoic lines are seen that represent 
anisotropy of the infraspinatus tendon 
fi bers, which appear as stripes on a 
zebra ( Fig 8d ). These fi ndings allow one 
to identify when the transducer is mov-
ing from the supraspinatus to infraspi-
natus tendons. The normal supraspina-
tus should be fi brillar and hyperechoic 
with a convex superior surface. Because 
the tendon fi bers are curving away from 
the sound beam, one should continually 
angle the US transducer and sound beam 
to eliminate anisotropy. 

 Once the supraspinatus tendon is 
completely evaluated in long axis, the 
transducer is turned 90° to obtain a 

short-axis view ( Fig 9a ). Beginning with 
the transducer over the articular sur-
face of the humeral head, the smooth, 
round echogenic surface of the humeral 
head and thin layer of hypoechoic hya-
line cartilage with a uniform thickness 
of the overlying rotator cuff are seen, 
which indicates that the transducer is 
orientated correctly in the short axis of 
the supraspinatus (which should also 
be 90° to the previous long axis plane) 
( Fig 9b ). As discussed above, it is criti-
cal that the rotator interval is identifi ed 
at the medial aspect of the cuff to en-
sure that the most anterior aspect of 
the supraspinatus is identifi ed. In the 
rotator interval, the long head of the 
biceps brachii will be seen in short axis 
between the supraspinatus and subscap-
ularis tendons. The thin hyperechoic 
coracohumeral ligament can be identi-
fi ed superfi cial to the long head of the 
biceps tendon, which contributes to the 
biceps pulley along with the thin and 
hyperechoic superior glenohumeral lig-
ament medial to the biceps tendon. Once 
the intraarticular portion of the supraspi-
natus is evaluated, the transducer is 
then moved distally toward the greater 
tuberosity. As the articular surface ter-
minates and the footprint of the supraspi-
natus is seen at the greater tuberosity, 
the superior and middle facets will be 
visualized ( Fig 9c ). Identifi cation of the 
facets helps to accurately localize disease 
in the supraspinatus (over the superior 
facet and a portion of the middle facet) 
or infraspinatus (over the middle facet) 
tendon. As the transducer moves fur-
ther distally, the supraspinatus and in-
fraspinatus tendons will taper over the 
facets and then terminate.       

 Step 4: Acromioclavicular joint, 
subacromial-subdeltoid bursa, and 
dy namic evaluation for subacromial 
impingement.—  To locate the acromio-
clavicular joint, one may simply palpate 
the clavicle and move laterally toward 
the acromion, with the transducer in 
the coronal plane on the body ( Fig 10a ). 
Alternatively, with the patient’s hand 
palm up on his or her lap, the trans-
ducer can be placed in the transverse 
plane over the anterior shoulder to iden-
tify the bicipital groove. The transducer 
then can be moved superiorly, and the 

  
 Figure 8:      Supraspinatus tendon (long axis).  (a)  Transducer placement with shoulder in modifi ed Crass 
position.  (b)  Corresponding US image over superior facet of greater tuberosity shows hyperechoic and fi -
brillar supraspinatus tendon  (SS) , demonstrating hypoechoic anisotropy where the tendon is oblique (*). Note 
superior facet (arrowheads), hyaline articular cartilage (curved arrow), and collapsed hypoechoic subacro-
mial-subdeltoid bursa (squiggly arrow).  H  = humeral head. Right side of image is medial.  (c)  US image over 
rotator interval shows long head of biceps brachii tendon (arrows).  (d)  US image over middle facet of greater 
tuberosity shows fl attening of the greater tuberosity (arrowheads) relative to the humeral head  (H) . Squiggly 
arrow = subacromial-subdeltoid bursa. Note hypoechoic lines (curved arrows) from anisotropy at the junction 
of the supraspinatus and infraspinatus.    

Figure 8   
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characteristic bone contours of the acro-
mioclavicular joint can be seen proximal 
and superior to the humeral head and 
rotator cuff ( Fig 10b ). The acromioclavic-
ular joint is evaluated for bone irregu-
larity, narrowing, widening, or offset. If 
the acromioclavicular joint is widened 
or if there is clinical suspicion for acro-
mioclavicular joint disruption, dynamic 
evaluation should be used to assess for 
changes in alignment. While assessing 
the acromioclavicular joint in long axis 
relative to the clavicle, the patient is asked 
to move his or her ipsilateral hand to the 
opposite shoulder. With this maneuver, 
the acromioclavicular joint may abnor-
mally widen or offset or may cause a 
bone-on-bone contact between the ac-
romion and clavicle, which can be asso-
ciated with symptoms.     

 Dynamic evaluation is then used to 
assess for subacromial impingement. 
The transducer is moved laterally from 
the acromioclavicular joint and is posi-
tioned over the lateral edge of the acro-
mion ( Fig 11a ). With the bone land-
marks of the greater tuberosity and the 
lateral acromion in view ( Fig 11b ), the 
patient is asked to actively elevate the 
arm to his or her side ( Fig 11c ). In may 
be helpful to fi rst perform this dynamic 
evaluation with passive arm elevation to 
control patient movement. During active 
arm elevation, the supraspinatus tendon 
and overlying subacromial-subdeltoid 
bursa should slide smoothly under the 
acromion ( Fig 11d ) and out of view. 
Pooling of bursal fl uid at the lateral ac-
romion edge or snapping of bursal tis-
sue indicates subacromial impingement 
( 19 ). Other fi ndings of impingement in-
clude interposition of the supraspinatus 
tendon between the greater tuberosity 
and the acromion, as well as direct con-
tact between the greater tuberosity 
and the acromion. Dynamic evaluation 
for subacromial impingement can also 
be completed with the patients raising 
their arm anterolateral in front of their 
body, with their hand in pronation.       

 Step 5: Infraspinatus, teres minor, 
and posterior labrum.—  To evaluate the 
infraspinatus tendon, the hand is re-
turned to the patient’s lap, palm up. In 
this neutral position, the transducer is 
placed just below the scapular spine 

  
 Figure 9:      Supraspinatus tendon (short axis).  (a)  Transducer placement with shoulder in modifi ed Crass 
position.  (b)  Corresponding US image over humeral head shows hyperechoic and fi brillar supraspinatus 
tendon  (SS) . Note biceps brachii tendon  (B)  in the rotator interval with superfi cial coracohumeral ligament 
(arrowhead) and medial superior glenohumeral ligament (arrow).  SC  = subscapularis tendon, curved arrow = 
hyaline articular cartilage, squiggly arrow = subacromial-subdeltoid bursa,  H  = humeral head. Right side of 
image is anterior.  (c)  US image distal to articular surface over greater tuberosity facets shows supraspinatus 
tendon  (SS)  adjacent to superior facet (arrows), and infraspinatus tendon  (IS)  adjacent to middle facet of 
greater tuberosity (arrowheads). Note biceps brachii tendon  (B) . Right side of image is anterior.    

Figure 9   

  
 Figure 10:      Acromioclavicular joint.  (a)  Transducer placement over superior aspect of the shoulder.  (b)  Cor-
responding US image shows acromioclavicular joint (arrow) with characteristic hyperechoic bone contours of the 
distal clavicle  (C)  and acromion  (A) . Note echogenic fi brocartilage disc (arrowhead). Left side of image is lateral.    

Figure 10   

over the posterior shoulder in a slightly 
oblique axial plane that parallels the ori-
entation of the scapular spine ( Fig 12a ). 

This position will produce a long-axis 
view of the infraspinatus tendon, which 
is assessed at its insertion on the 
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 Figure 11:      Dynamic assessment for subacromial impingement.  (a)  Transducer placement over superolateral aspect of shoulder in neutral 
position.  (b)  Corresponding US image shows acromion  (A)  and greater tuberosity  (GT)  with supraspinatus tendon  (S)  and collapsed subacromial-
subdeltoid bursa (arrow).  (c)  Transducer placement after abduction of the shoulder.  (d)  US image shows acromion  (A) , greater tuberosity  (GT) , 
and normal collapsed subacromial-subdeltoid bursa (arrow). Left side of images is lateral.    

Figure 11   

  
 Figure 12:      Infraspinatus tendon (long axis), posterior glenohumeral joint, and spinoglenoid notch.  (a)  
Transducer placement over posterior aspect of the shoulder in neutral position.  (b)  Corresponding US image 
shows characteristic contours of the humeral head  (H)  with adjacent infraspinatus tendon (arrows) and gle-
noid labrum (arrowheads).  (c)  US image medial to  b  shows spinoglenoid notch (arrowheads) of scapula with 
adjacent suprascapular vessels. Note infraspinatus musculotendinous junction (straight arrows) and central 
tendon (curved arrows).  H  = humeral head,  L  = labrum. Left side of image is medial.    

Figure 12   posterior aspect of the greater tuber-
osity ( Fig 12b ). Moving the transducer 
medial toward the scapula, other struc-
tures to be evaluated include the posterior 
labrum (for labral tear), the spinogle-
noid notch (for paralabral cyst), and 
the posterior glenohumeral joint recess 
(for joint fl uid or synovitis) ( Fig 12c ). The 
transducer is then rotated 90° ( Fig 13a ) 
to assess the infraspinatus tendon in 
short axis ( Fig 13b ). If visualization of 
the distal infraspinatus tendon is diffi -
cult due to shadowing from the acro-
mion, it is often helpful to have the 
patient place his or her ipsilateral hand 
on the contralateral shoulder. The ad-
vantage of this maneuver is that the dis-
tal infraspinatus tendon will be pulled 
anterior to allow visualization. The dis-
advantage of this internal rotation posi-
tion is that the infraspinatus tendon, 
which was linear in the neutral posi-
tion, is now curved as it wraps around 
the posterior humerus to the relatively 
anteriorly located greater tuberosity. If 
one continues to have diffi culty in iden-
tifying the infraspinatus tendon, an ad-
ditional scanning method can be used, 
which begins by palpating the spine of 
the scapula over the posterior shoulder. 
The transducer is then placed in the 
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sagittal plane just inferior to the scap-
ular spine, and the large muscle belly of 
the infraspinatus is seen. Once the echo-
genic central tendon is identifi ed in 
short axis, the transducer is turned 90° 
to align the tendon in long axis, and 
the transducer is moved lateral to the 
greater tuberosity. External rotation of 
the shoulder while imaging the posterior 
shoulder recess is helpful to visualize 
small amounts of glenohumeral joint 
fl uid.         

 In addition to evaluating the infraspi-
natus tendon for tear, it is important to 
evaluate for fatty degeneration and at-
rophy of the infraspinatus muscle in the 
setting of a rotator cuff tear as this fi nd-
ing indicates higher likelihood of failure 
after rotator cuff repair ( 20 ). The trans-
ducer is moved medially over the mus-
culotendinous junction of the infraspina-
tus in short axis ( Fig 13c ). The diagnosis 
of fatty degeneration or atrophy is made 
by comparing the size and echogenicity 
of the infraspinatus muscle at the muscle-
tendon junction with the adjacent teres 
minor muscle. Normally, the infraspi-
natus muscle size should be approxi-
mately twice that of the teres minor at 
the musculotendinous junction and 

the hypoechoic muscle echogenicity 
should be similar ( Fig 13d ). Relative in-
creased echogenicity of the infraspina-
tus muscle indicates fatty degeneration 
and decreased size indicates atrophy. 
By moving the transducer superiorly over 
the scapular spine, the adjacent supraspi-
natus muscle should also be assessed 
for fatty degeneration and atrophy ( 21 ). 
Of note, relative increased echogenicity 
and decreased size of the teres minor 
muscle can be seen with quadrilateral 
space syndrome or may be idiopathic. 
Once the teres minor is identifi ed, this 
structure can also be evaluated at its 
greater tuberosity insertion.    

 Pitfalls 
 There are several scanning pitfalls that, 
although have been introduced above, 
deserve further emphasis. The most com-
mon and most problematic pitfall re-
lates to anisotropy, where the normal 
hyperechoic tendon appears artifactu-
ally hypoechoic when the tendon is not 
perpendicular to the sound beam. As 
little as 2°–3° of angulation will produce 
this artifact, as the ultrasound beam 
is refl ected away from the transducer 
( 22 ). This artifact is especially prob-

lematic when evaluating the supraspi-
natus tendon, as it is curved to its in-
sertion following the contours of the 
adjacent humeral head ( Fig 8b ). An-
isotropy is also seen when imaging the 
long head of the biceps brachii tendon 
in the bicipital groove ( Figs 4c ,  5c ). 

 Another pitfall is incomplete evalua-
tion of the rotator cuff. One must re-
member that the greater tuberosity is 
several centimeters in width (anterior 
to posterior), and this entire distance 
must be evaluated both in long and short 
axis relative to the supraspinatus tendon 
( Fig 9c ). Additionally, visualization of 
the long head of the biceps tendon in 
the rotator interval is critical to ensure 
that the most anterior aspect of the su-
praspinatus tendon is evaluated, as many 
tears involve this area ( Fig 9b ). 

 One additional pitfall relates to mis-
interpretation of normal tendons. At 
the posterior aspect of the rotator cuff, it 
is common to see alternating hypoechoic 
bands at the junction of the supraspina-
tus and infraspinatus tendons from an-
isotropy. In addition, hypoechoic bands 
are seen when evaluating the subscapu-
laris tendon in short axis related to an-
isotropy of its multiple tendons ( Fig 7c ). 

  
 Figure 13:      Infraspinatus and teres minor (short axis).  (a)  Transducer placement over posterior aspect of the shoulder in neutral position. 
 (b)  Corresponding US image shows infraspinatus (straight arrows) and central tendon (curved arrow).  S  = scapular spine. Left side of image 
is superior.  (c)  Transducer placement medial to  a. (d)  Corresponding US image shows infraspinatus (straight arrows) with central tendon 
(curved arrow) and teres minor (arrowheads) with more superfi cial tendon (squiggly arrow). Left side of image is cephalad.    

Figure 13   
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Each of these fi ndings should not be 
misinterpreted as tendon disease. 

 In conclusion, keys to a successful 
shoulder US examination include un-
derstanding the anatomy, imaging the 
structures of interest in long and short 
axis, eliminating artifacts, and then evalu-
ating for disease, following a standard-
ized imaging protocol. This will ensure 
a thorough, comprehensive, and effi cient 
evaluation of the rotator cuff.      
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