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The Society of Radiologists in Ultrasound convened a 
panel of specialists from a variety of medical disciplines to 
reach a consensus about the recommended imaging evalu-
ation of painful shoulders with clinically suspected rotator 
cuff disease. The panel met in Chicago, Ill, on October 
18 and 19, 2011, and created this consensus statement 
regarding the roles of radiography, ultrasonography (US), 
computed tomography (CT), CT arthrography, magnetic 
resonance (MR) imaging, and MR arthrography. The con-
sensus panel consisted of two co-moderators, a facilitator, 
a statistician and health care economist, and 10 physicians 
who have specialty expertise in shoulder pain evaluation 
and/or treatment. Of the 13 physicians on the panel, nine 
were radiologists who were chosen to represent a broad 
range of skill sets in diagnostic imaging, different practice 
types (private and academic), and different geographical 
regions of the United States. Five of the radiologists rou-
tinely performed musculoskeletal US as part of their prac-
tice and four did not. There was also one representative 
from each of the following clinical specialties: rheuma-
tology, physical medicine and rehabilitation, orthopedic 
surgery, and nonoperative sports medicine. The goal of 
this conference was to construct several algorithms with 
which to guide the imaging evaluation of suspected rotator 
cuff disease in patients with a native rotator cuff, patients 
with a repaired rotator cuff, and patients who have under-
gone shoulder replacement. The panel hopes that these 
recommendations will lead to greater uniformity in rota-
tor cuff imaging and more cost-effective care for patients 
suspected of having rotator cuff abnormality.
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of the humeral head is indicative of a 
chronic rotator cuff tear that cannot 
be surgically repaired (18). Other po-
tential radiographic findings include os 
acromiale, fracture, osteoarthrosis of 
the acromioclavicular or glenohumeral 
joint, and, less commonly, other bone 
abnormality such as malignancy.

CT has a limited role in the setting 
of suspected rotator cuff disease but 
can be used to evaluate muscle atrophy 
and fatty degeneration; however, grad-
ing of such findings can be unreliable 
(19,20). CT after the intraarticular 
injection of iodinated contrast mate-
rial (CT arthrography) may be used to 
evaluate the intraarticular structures 
(eg, labrum) and rotator cuff tears 
that communicate with the articular 
surface (21). Because MR arthrogra-
phy can provide more information than 
CT arthrography about interstitial and 
bursal-sided tears and does not use ion-
izing radiation, the use of CT arthrogra-
phy is not common in the evaluation of 
the rotator cuff. CT arthrography may 
have a more important role after sur-
gery because metal anchors and their 
associated artifacts may compromise 
the diagnostic value of MR images.

MR imaging is an effective imaging 
method for evaluating the rotator cuff. 
With MR imaging, a full-thickness ro-
tator cuff tear can be diagnosed with 
92.1% sensitivity and 92.9% specificity, 
whereas a partial-thickness tear can be 
diagnosed with 63.6% sensitivity and 
91.7% specificity (12). Other impor-
tant information about the rotator cuff 
obtained with MR imaging is the pres-
ence of muscle fatty degeneration and 
atrophy, which is associated with poor 
outcome after rotator cuff repair, al-
though grading of fatty degeneration 
can be unreliable (20,22). Advantages of 
the use of MR imaging include a global 

from a variety of medical disciplines 
to reach a consensus about the recom-
mended imaging evaluation of painful 
shoulders with clinically suspected rota-
tor cuff disease. The panel met in Chi-
cago, Ill, on October 18 and 19, 2011, 
and created this consensus statement. 
The goal of this conference was to con-
struct several algorithms with which to 
guide the imaging evaluation of com-
mon clinical scenarios where rotator 
cuff disease is suspected. The panel be-
lieves that such algorithms would help 
guide practicing physicians, improve 
patient care, and potentially reduce un-
necessary imaging costs.

Imaging of the Shoulder

Radiography is routinely used in the 
evaluation of the rotator cuff because 
imaging findings may indirectly suggest 
rotator cuff disease or provide addi-
tional information important to clini-
cal management. For example, cortical 
irregularity of the greater tuberosity 
at the attachment site of the supraspi-
natus indirectly indicates the presence 
of a rotator cuff tear with a sensitivity 
of 90% and a negative predictive value 
of 96% (16). Other information gained 
from radiography includes the pres-
ence of a subacromial enthesophyte or 
acromioclavicular osteophyte, which 
can cause cuff impingement. Calcifica-
tion of the rotator cuff and, possibly, 
the adjacent bursa can also be visu-
alized. Superior migration of the hu-
meral head with narrowing of the ac-
romiohumeral distance is an important 
radiographic finding that is indicative 
of the presence of a large or massive 
rotator cuff tear that has disrupted the 
force couples of the glenohumeral joint. 
Goutallier et al (17) reported that an 
acromiohumeral distance of less than 6 
mm was almost always associated with 
a full-thickness chronic infraspinatus 
tear and, therefore, surgical repair is 
not always amenable owing to poor 
quality of the cuff and advanced fatty 
degeneration. Conversely, an acromio-
humeral distance of 6 mm or more 
was of no diagnostic relevance (17). 
Other studies have also reported that 
the presence of cephalad migration 

Shoulder pain has a self-reported 
prevalence in the general popu-
lation of between 16% and 26% 

and is the third most common muscu-
loskeletal symptom for which patients 
seek medical attention, trailing only 
low back pain and knee pain (1,2). The 
most common causes of shoulder pain 
include rotator cuff disease (defined as 
tendinosis and/or tear), frozen shoul-
der, instability, and osteoarthritis. Ro-
tator cuff disease is the most prevalent 
cause of shoulder pain, occurring in ap-
proximately 65%–70% of patients (3). 
The prevalence of rotator cuff disease 
increases with age, and it is estimated 
that, by the age of 70 years, more than 
50% of the population will have a full- 
or partial-thickness rotator cuff tear, 
although not always symptomatic (4). 
Early diagnosis of rotator cuff tears is 
important because untreated tears may 
enlarge, cause increased pain (5), and 
lead to irreversible fatty degeneration 
and atrophy of the shoulder muscula-
ture (6). Once these muscle changes 
occur, the risk of a recurrent tear after 
surgical repair is substantial and has 
been reported to be as high as 94% 
(7,8). In addition, larger and retracted 
tears can be technically difficult to re-
pair, and intrinsic changes in tendon 
properties may preclude an anatomic 
repair to the footprint (9,10).

There is a wealth of literature eval-
uating imaging techniques that can be 
used to detect rotator cuff abnormality. 
These techniques include radiography 
(11), ultrasonography (US) (12), mag-
netic resonance (MR) imaging (12), MR 
arthrography (13), and computed tomo-
graphic (CT) arthrography (14). Nev-
ertheless, the choice of imaging test is 
often based on individual physician pref-
erence rather than scientific evidence. 
The American College of Radiology has 
developed appropriateness criteria that 
rate the relative usefulness of various 
imaging modalities for the evaluation of 
shoulder pain in different clinical sce-
narios (15). Although these criteria are 
informative, they do not define an algo-
rithmic approach to the imaging evalu-
ation of suspected rotator cuff disease.

The Society of Radiologists in Ultra-
sound convened a panel of specialists 
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of time. A second orthopedic surgeon 
(A.B.) was recruited for additional in-
put during manuscript preparation.

Role of the Moderators and Facilitator

The moderators designed the sched-
ule for the consensus conference and 
invited the speakers. During the con-
ference, the moderators introduced 
the formal presentations, led the panel 
discussions, and created the algorithms 
from a laptop projected onto a video 
screen while receiving the panelists’ in-
put. The facilitator took comprehensive 
notes during the presentations for later 
reference during algorithm creation 
and helped focus the panel discussions.

Formal Presentations

Formal presentations were given in 
front of the entire panel. The length 
of the presentations ranged from 20 to 
45 minutes. The nine formal presenta-
tions and their authors were as follows: 
“Shoulder Pain: What the Surgeon 
Wants to Know from Imaging” (K.Y.), 
“Shoulder Pain: What the Nonopera-
tive Sports Physician Wants to Know” 
(J.S.), “Shoulder Pain: What the Rheu-
matologist Wants to Know” (R.G.T.), 
“Routine Shoulder Radiography and 
Conventional Arthrography” (M.J.T.), 
“Shoulder CT” (L.W.B.), “Shoulder MR 
Imaging/MR Arthrography” (L.S.S.), 
“Shoulder US” (S.A.T.), “Economic 
Considerations” (L.P.), and “Ameri-
can College of Radiology Appropriate-
ness Criteria for Shoulder Imaging” 
(J.N.W.).

Panel Discussions

Panel discussions were scheduled 
throughout the day to mirror the pre-
ceding presentations. These discus-
sions were an open exchange of ideas 
among the panelists. The specific topics 
of discussion were as follows: imaging 
algorithm for shoulder pain from the 
clinicians’ perspective; relative roles of 
shoulder MR imaging, CT, and US for 
shoulder pain; and diagnostic algorithm 
in context of American College of Radi-
ology Appropriateness Criteria

tears (30,31). Operator dependence 
also exists with MR imaging, where 
interobserver variability has been re-
ported as moderate; poor agreement 
is reported for partial-thickness tears 
(32,33). Defined imaging techniques 
and protocols are important to min-
imize such operator dependence, es-
pecially with US. Although a review 
of shoulder imaging protocols is be-
yond the scope of this article, it is es-
sential that a comprehensive imaging 
protocol be followed for both US (34) 
and MR imaging (35). Regardless of 
whether images of the rotator cuff are 
obtained with US or MR imaging, the 
goals are the same—namely to obtain 
high-spatial-resolution images of the 
rotator cuff in the short and long axis 
in such a way as to avoid artifacts that 
would limit interpretation.

Methods and Conference Preparations

The Society of Radiologists in Ultra-
sound consensus panel consisted of 
two co-moderators (J.A.J., L.N.N.), a 
facilitator (C.B.B.), a statistician and 
health care economist (L.P.), and 10 
physicians who have specialty exper-
tise in shoulder pain evaluation and/or 
treatment. Of the 13 physicians on the 
panel, nine were radiologists who were 
chosen to represent a broad range of 
skill sets in diagnostic imaging, differ-
ent practice types (private and aca-
demic), and different geographical re-
gions of the United States. Five of the 
radiologists routinely performed mus-
culoskeletal US as part of their prac-
tice (J.A.J., L.N.N., C.B.B., T.T.M., 
and S.A.T.), and four were musculo-
skeletal radiologists who did not rou-
tinely perform US (L.W.B., L.S.S., 
M.J.T., and J.N.W.). There was also 
one representative from each of the 
following clinical specialties: rheuma-
tology (R.G.T.), physical medicine and 
rehabilitation (J.S.), orthopedic sur-
gery (K.Y.), and nonoperative sports 
medicine (J.M.M.). Several months 
before the conference the moderators 
assigned speaking topics to nine of the 
panelists, and these speakers provided 
outlines and references for their pre-
sentations to the other panelists ahead 

assessment of all shoulder structures, 
including cartilage and bone marrow, 
whereas disadvantages relate to patient 
issues (claustrophobia and contraindica-
tions owing to certain metallic implants 
and electronic devices), cost, and acces-
sibility. MR imaging after intraarticular 
administration of contrast material (MR 
arthrography) can also be used to assess 
the rotator cuff, with 95.4% sensitivity 
and 98.9% specificity for the diagnosis 
of full-thickness tear and 85.9% sensitiv-
ity and 96% specificity for the diagnosis 
of partial-thickness tear (12). The use 
of intraarticular contrast material with 
MR imaging is ideal for the evaluation of 
an intraarticular abnormality related to 
labrum and cartilage (23).

US evaluation of the rotator cuff 
was introduced in 1977 (24) and has 
become more widespread with ad-
vances in technology, increased porta-
bility, and decreased costs (25).With 
proper training, high accuracies in the 
diagnosis of rotator cuff disease can be 
achieved. A full-thickness rotator cuff 
tear can be diagnosed with 92.3% sen-
sitivity and 94.4% specificity by using 
US, whereas a partial-thickness tear 
can be diagnosed with 66.7% sensi-
tivity and 93.5% specificity (12). US 
can also help diagnose rotator cuff 
muscle fatty degeneration and atrophy 
(6,26,27). Advantages of US include 
portability, low cost, and lack of con-
traindications, whereas disadvantages 
relate to limited assessment of the 
capsule, labrum, and cartilage as well 
as the inability to evaluate purely in-
traosseous abnormalities. The spatial 
resolution of images obtained with US 
is higher than that of images obtained 
with routine MR imaging (28), and 
patients prefer US examination to MR 
imaging (29).

With US, both image acquisition 
and image interpretation tend to be 
dependent on the skill of the interpret-
ing physician. With the other imaging 
modalities, however, the greater op-
erator dependence occurs during im-
age interpretation. With regard to US 
evaluation of the rotator cuff, low in-
terobserver variability has been dem-
onstrated, although variability is high-
er in the diagnosis of partial-thickness 
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helpful in all age groups in the evalua-
tion of suspected rotator cuff abnor-
mality, the panel believed that such 
a study was of low yield in patients 
younger than 40 years if there was 
no history of trauma. Therefore, the 
consensus was to perform radiography 
as the first test only in patients with a 
history of acute trauma and/or those 
who are at least 40 years of age. If 
the radiograph demonstrates calcific 
tendinosis and if the clinical physician 
believes that the calcification is caus-
ing the symptoms, then treatments 
such as US-guided needle lavage and 
aspiration and subacromial-subdeltoid 
bursa corticosteroid injection can be 
considered (36). If superior migra-
tion of the humeral head is present 
with an acromiohumeral distance of 
less than 6 mm, then the findings are 
diagnostic of rotator cuff tear (37). If 
the radiograph demonstrates cortical 
irregularity of the greater tuberosity, 
then further evaluation is warranted 
given its association with rotator cuff 
tears (11). If the radiograph shows a 
fracture, dislocation, or other non–ro-
tator cuff abnormality, then the patient 
can be treated appropriately.

perform MR or CT arthrography, and/
or do not perform shoulder US. The al-
gorithms are therefore based on a “best 
case” scenario. (c) When imaging tests 
are judged equally valid in diagnostic ac-
curacy, the algorithm should include the 
test of lower cost and/or exposure to ion-
izing radiation.

The panelists agreed that three sep-
arate imaging algorithms were needed 
to address different patient populations: 
one for the native shoulder (Fig 1),  
one for a shoulder that has undergone 
rotator cuff repair (Fig 2), and one for 
a shoulder that has undergone glenohu-
meral joint replacement (Fig 3). Each 
algorithm would begin with a patient 
suspected of having a rotator abnor-
mality and would end with a positive 
diagnosis, related either to the rotator 
cuff or to another abnormality.

Native Shoulder
The algorithm for native shoulders is 
shown in Figure 1. Panelists first ad-
dressed when radiography was indi-
cated in patients suspected of having 
a rotator cuff abnormality. Although 
it was agreed among the entire panel 
that a radiograph could potentially be 

Imaging Algorithms
The algorithms were developed grad-
ually throughout the panel discussions 
and were finalized during a 4-hour dis-
cussion session on the 2nd day of the 
conference. No algorithm was finalized 
unless all of the panelists agreed with 
every branch of the algorithm. If one 
of the panelists objected to a portion 
of the algorithm, it was revised until 
all panelists were in agreement. Minor 
changes were also incorporated by con-
sensus during the drafting of the man-
uscript until all panelists signed off on 
the final version of the manuscript.

When developing the imaging algo-
rithms, the panelists agreed on the fol-
lowing statements: (a) The need for im-
aging should be determined by a history 
and physical examination performed by 
a competent clinician. (b) It is assumed 
that image acquisition and interpretation 
are completed only by qualified individ-
uals with the appropriate expertise. The 
panel recognizes that not all practitioners 
will have expertise in all of the modalities. 
For example, in the United States there 
are prominent musculoskeletal radiol-
ogists who do not read shoulder radio-
graphs, do not read MR images, do not 

Figure 1

Figure 1:  Diagnostic algorithm for painful native shoulders suspected of having rotator cuff abnormality. Endpoints for 
algorithm include normal rotator cuff, rotator cuff abnormality, or other positive findings, which include, but are not limited to, 
osteoarthritis, fractures, bone tumors, or labroligamentous abnormality.
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of the biceps brachii abnormality, or 
subacromial-subdeltoid bursal abnor-
mality that explain the patient’s pain, 
then the patient work-up is complete. 
If, however, the US findings do not 
explain the cause of pain, then MR 
imaging or MR arthrography should 
be performed next. CT arthrography 
should be performed if the patient 
has a contraindication to MR imag-
ing or a history of surgery that could 
cause substantial metallic artifact at 
MR imaging. The panelists noted that 
although MR arthrography has been 
shown in a meta-analysis to be more 
sensitive and specific than either US 
or MR imaging for rotator cuff tears 
(12), the procedure is invasive because 
it requires intraarticular injection of a 
gadolinium chelate. Because the panel 
agreed that neither routine MR imag-
ing nor MR arthrography has a clear 
advantage over the other test in all 
situations, the panel agreed that one 
or the other could be ordered on the 
basis of referring physician and/or ra-
diologist preference. MR arthrography 
would be preferred in a patient with 
shoulder instability, where detailed as-
sessment of the labrum and labroliga-
mentous structures is required. MR 
imaging or MR arthrography findings 
could include normal rotator cuff, ro-
tator cuff abnormality, or other abnor-
mality such as labral tear, fracture, or 
bone tumor—any of which complete 
the diagnostic imaging evaluation.

In patients younger than 40 years 
who have no history of trauma, the con-
sensus was to begin the imaging eval-
uation with US if there is clinical sus-
picion of isolated rotator cuff disease, 
although it is acknowledged that it may 
be difficult to differentiate between iso-
lated rotator cuff injuries and rotator 
injuries associated with other shoulder 
injuries at clinical examination. MR im-
aging or MR arthrography (or CT ar-
thrography if there is a contraindication 
to MR imaging) should be used if there 
is suspicion of rotator cuff abnormal-
ity and concomitant labroligamentous 
or other glenohumeral abnormality (ie, 
cartilage injury, intraarticular bodies). 
The rationale for going directly to MR 
imaging or MR arthrography in the 

field of view afforded by MR imaging 
gives a better “road map” to the shoul-
der surgeon, especially in the setting of 
a torn rotator cuff with retraction be-
neath the acromion. The panel agreed 
that, in most cases, US provides accu-
rate information about tear size and lo-
cation such that the patient will get the 
appropriate surgical treatment and that 
the need to obtain additional MR images 
would be at the discretion of the treating 
physician (39).

If the US findings are diagnos-
tic for a normal rotator cuff, rotator 
cuff disease, or other positive find-
ings such as impingement, long head 

On the basis of the literature, most 
notably the meta-analysis by de Jesus 
et al (12), the panelists agreed that US 
should be the next examination in the 
evaluation of suspected rotator cuff ab-
normality. This decision was based on 
the nearly equivalent accuracy of US and 
MR imaging for full- and partial-thick-
ness tears (12) combined with the fact 
that US has a lower cost (38), greater 
patient acceptance (29), and no contra-
indications. The panel also agreed that 
US can provide information concerning 
fatty degeneration and atrophy of the ro-
tator cuff musculature (6,26,27). A dis-
cussion arose over whether the greater 

Figure 2

Figure 2:  Diagnostic algorithm for painful shoulders with history of rotator cuff repair suspected of having 
recurrent rotator cuff abnormality.

Figure 3

Figure 3:  Diagnostic algorithm 
for painful shoulders suspected 
of having rotator cuff abnormality 
after arthroplasty.
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such cases, the panel favored either CT 
arthrography or MR imaging performed 
with techniques to suppress the arti-
facts caused by the metallic prosthesis.

Recommendations for Future Research

The panel discussion emphasized the 
need for future research studies, in-
cluding the need to (a) implement the 
proposed algorithms prospectively to 
determine their utility and practicality 
(it would be important to assess both 
patient outcomes and economic im-
pact); (b) develop an economic model 
comparing US and either MR imaging 
or MR arthrography in patients sus-
pected of having rotator cuff tear, tak-
ing into account patients who might 
require both imaging studies as part 
of their diagnostic imaging evaluation; 
(c) study the effectiveness of various 
US techniques to image rotator cuff 
tendons and muscles (eg, three-dimen-
sional and extended field of view imag-
ing, contrast media, color Doppler, and 
elastography); and (d) investigate how 
artifact suppression techniques for MR 
imaging may improve the performance 
of MR imaging in the evaluation of the 
postoperative rotator cuff.

In conclusion, on the basis of re-
ported accuracies of various imaging 
methods and taking into account cost, 
this multidisciplinary consensus panel 
has proposed algorithms for use in the 
imaging evaluation of the rotator cuff in 
patients with a native rotator cuff, those 
with a repaired rotator cuff, and those 
who have undergone shoulder replace-
ment. The panel hopes that these rec-
ommendations will lead to greater uni-
formity in rotator cuff imaging and more 
cost-effective care for patients suspected 
of having rotator cuff abnormality.
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latter situation is that MR imaging and 
MR arthrography have been shown to 
be highly sensitive for labroligamentous 
abnormality, including tears (40,41). 
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