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MR Imaging of the Rotator Cuff 
and Rotator Interval

Marcelo R Abreu and Michael Recht

 Anatomy of the Rotator Cuff

The rotator cuff is comprised of the supraspinatus, infraspi-
natus, subscapularis, and teres minor muscles and tendons. 
The four muscles of the rotator cuff act as stabilizers of the 
glenohumeral joint. The supraspinatus is primarily a shoul-
der abductor. The supraspinatus muscle originates along the 
dorsal surface of the scapula. The muscle fibers course in a 
lateral orientation and converge to form an anterior tendon 
although there is also a second smaller posterior tendon of 
the supraspinatus. The supraspinatus tendon is bordered 
superiorly by the subacromial-subdeltoid bursa and inferi-
orly by the joint capsule. Anteriorly, the more distal supra-
spinatus tendon converges with the coracohumeral ligament, 
and posteriorly it merges with the anterior fibers of the infra-
spinatus tendon. At the distal aspect of the rotator cuff, the 
supraspinatus and infraspinatus tendons splay out and inter-
digitate, forming a common continuous insertion on the mid-
dle facet of the humeral greater tuberosity. The supraspinatus 
tendon is best evaluated in the coronal oblique plane and the 
sagittal oblique plane, with the latter being helpful in evalu-
ating the most anterior fibers of the supraspinatus. The region 
just medial to the convergence of the posterior fibers of the 
supraspinatus and the anterior fibers of the infraspinatus has 
been referred to as the posterior rotator interval [1].

The infraspinatus muscle externally rotates the shoulder, 
originating in the infraspinous fossa. The infraspinatus has a 
multipennate configuration, usually with three tendons, with 
the myotendinous junction having a somewhat fanlike con-
figuration. The infraspinatus is best evaluated in the coronal 
oblique and sagittal oblique planes [1, 2].

The teres minor muscle originates along the upper two thirds 
of the lateral border of the scapula and blends into the posterior 
glenohumeral joint capsule more distally. The infraspinatus and 
teres minor externally rotate the shoulder, with the former also 
being an abductor and the latter being a weak adductor.

The subscapularis muscle is a strong adductor and inter-
nal rotator. The subscapularis muscle originates from the 
subscapular fossa along the anterior aspect of the scapula. It 
inserts primarily on the lesser tuberosity, with superficial 
fibers extending to the greater tuberosity. Similar to the infra-
spinatus, the subscapularis has a multipennate configuration. 
The deep fibers of the subscapularis tendon blend with and 
reinforce the anterior capsule of the glenohumeral joint. The 
mid and distal portions of the middle glenohumeral ligament 
blend with the capsule and deep fibers of the subscapularis 
before inserting into the lesser tuberosity. The subscapularis 
is best evaluated in the axial and sagittal oblique planes.

 MR Imaging

On MR imaging, a normal, healthy tendon should appear 
with low signal intensity on all sequences. There are how-
ever, some exceptions/pitfalls to this statement. One excep-
tion is that on short TE imaging the magic angle phenomenon 
may result in increased signal in regions where the tendon 
courses at a 55-degree angle in relation to the main magnetic 
field. Magic angle artifact should resolve on T2-weighted 
(long TE) sequences, thus differentiating it from true tendon 
pathology. Additionally, volume averaging between the ten-
don and adjacent tissues such as muscle, fascia, fat, and car-
tilage may result in increased tendon signal on short TE 
imaging. Again, use of T2-weighted imaging and assessing 
tendons in at least two planes can increase confidence in dif-
ferentiating volume averaging from true intratendinous sig-
nal abnormalities. The tendon microanatomy itself can lead 
to false pathologic diagnosis especially when using high 
resolution imaging, when visualization of tendon fascicles 
can simulate tears and tendinopathy. Better understanding of 

M.R. Abreu (*) 
Hospital Mae de Deus, Costa 40, Porto Alegre, RS 90110-270, Brazil
e-mail: marcelorad@gmail.com 

M. Recht 
NYU Langone Medical Center, 660 First Ave.,  
New York, NY 10016, USA
e-mail: Michael.Recht@nyumc.org

mailto:marcelorad@gmail.com
mailto:Michael.Recht@nyumc.org


tendon microanatomy, such as tendon fusions (example: dis-
tal fusion of supraspinatus and infraspinatus tendons near the 
footprint) and normal multipennate configuration of some 
tendons of the cuff, can minimize false positive diagnosis.

 Impingement Syndromes

In 1972 Neer stated that the vast majority of rotator cuff 
pathology was secondary to impingement but it is now felt 
that the etiology is multifactorial with contributions from 
impingement, vascular insufficiency, aging and/or metabolic 
conditions.

There are two types of impingement, external and internal 
impingement syndromes. External impingement syndromes 
include subacromial and subcoracoid impingement. 
Subacromial impingement, which is the most common 
impingement syndrome, occurs with overhead activities. It 
occurs secondary to impingement of the cuff, primarily the 
supraspinatus tendon, within the coracoacromial arch 
(Drawing 1). The impingement can be caused by primary 

structural abnormalities of the arch such as acromioclavicu-
lar osteophytes, an abnormally shaped acromion such as a 
“hooked” acromion, subacromial enthesophytes, or an os 
acromiale (Fig. 1). MR findings of subacromial impinge-
ment include tendon changes, structural abnormalities of the 
coracromial arch and subacromial-subdeltoid bursitis. In 
subcoracoid impingement the subscapularis tendon is 
impinged between the coracoid and the lesser tuberosity. 
Findings in subcoracoid impingement include narrowing of 
the coracohumeral interval, partial articular sided tears of the 
subscapularis tendon and subcoracoid bursitis.

Internal impingement syndromes include both postero-
superior and anterosuperior impingement. In posterosupe-
rior impingement the undersurface of the posterior cuff 
becomes entrapped between the humeral head and the pos-
terior glenoid when the arm is abducted and externally 
rotated. Although contact may be physiologic in this posi-
tion, with constant repetition, such as in overhead athletes, 
it can lead to attrition and partial tears of the undersurface 
of the cuff as well as tears of the posterior superior labrum 
and osteochondral changes in the greater tuberosity. 

a b

Drawing 1 Hand drawing of shoulder anatomy. (a) Coronal view of 
the osseous and ligamentous components of the subacromial tunnel 
formed by the acromium, the coracoid, the coracoacromial ligament 

and the coraracoclavicular ligament, with the supraspinatus tendon 
passing inside the tunnel. (b) Sagittal view of osseous and ligamentous 
arch
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Anterosuperior impingement is much less common than 
posterosuperior impingement and occurs when the sub-
scapularis tendon is trapped between the anterior humeral 
head and the anterosuperior glenoid and labrum during for-
ward flexion of the arm.

 Tendinosis (Tendinopathy)

Tendinosis histopathologically refers to tendon degeneration 
with collagen fiber disorientation, increased intrasubstance 
deposition of mucoid, and absence of inflammatory cells 
(thus the term tendinitis is inappropriate). The typical MR 
appearance of tendinosis is abnormal signal intensity asso-
ciated with morphology changes (Figs. 2 and 3). The sig-
nal changes of tendinopathy typically are of intermediate  

Fig. 1 Coronal oblique T1-weighted image showing acromioclavicu-
lar joint degenerative changes with inferior osteophytes causing supra-
spinatus impingement

a c

b

Fig. 2 Coronal oblique T2-weighted fat suppressed images showing subacromial bursitis and tendinosis of supraspinatus (a), infraspinatus (b) and 
intra-articular portion of long head of biceps tendon (c)
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signal on both short and long TE imaging. In particular 
with tendinosis there is no fluid-like signal intensity on 
long TE images. This allows one to differentiate tendi-
nosis from frank tendon tearing. Because of the pitfalls 
described above that can lead to intermediate signal on 
short TE images in normal tendons, we believe that one 
should be very hesitant to call tendinopathy in tendons 
with normal morphology. The associated morphology 
changes typically consist of abnormal thickening of the 
involved tendon. Classically, rotator cuff tears occur in the 
insertional fibers of the cuff tendons in regions of preexist-
ing tendinopathy [3].

 MR Imaging of Tendon Tears

Tendon tears are classified into full thickness or partial thick-
ness tears. Full thickness tears are subclassified as complete 
or incomplete depending on if all or only some of the ten-
dons of a muscle are involved. Partial thickness tears are sub- 
divided by the location of the tear into articular-sided, 
intratendinous, and bursal-sided tears. Although rotator cuff 
tears typically appear as areas of fluid signal intensity on 
T2-weighted images, in about 10% of tears, the region of 
tendon discontinuity is low in signal on T2-weighted images, 
possibly because of chronic scarring and fibrosis. These tears 
may be visualized at MR arthrography because intraarticular 
contrast fills the tear. On conventional MR imaging, second-
ary signs of cuff tear, such as tendon retraction (measured in 
the medial-lateral dimension), may be the only indication of 
a full-thickness tear.

 Partial Tears

Partial-thickness rotator cuff tears can be described accord-
ing to the surface of the tendon involved as well as the per-
centage of tendon involved (Drawing 2).

Partial-thickness articular surface tears are characterized 
by a focal region of fiber discontinuity that is filled with 
fluid-like signal intensity on T2-weighted imaging. Fat- 
suppressed T2-weighted imaging can increase lesion conspi-
cuity by better demonstrating the high T2 signal tendon 
defect). Articular surface tears are the most common type 
and are easily diagnosed with standard MR imaging when a 
joint effusion is present (Fig. 4). In the absence of a joint 
effusion, articular surface partial-thickness tears may be dif-
ficult to identify, particularly in the setting of granulation tis-
sue or scarring. Delamination of the involved portion of the 
tendon may occur, most often involving the articular surface 
of the supraspinatus tendon (Drawing 3). Delaminated tears 
can lead to cyst formation within the associated or adjacent 
muscle, the so called sentinel cyst. Those cysts usually are 
restricted to the muscle belly and typically do not cause 
symptoms, in contrast to the paralabral ganglion cysts that 
may cause nerve compression.

Intrasubstance or concealed tears are characterized by 
intratendinous T2 fluid-like signal without extension to either 
the bursal or articular surface (Fig. 5). These lesions will not 
fill with gadolinium on MR arthrography because of lack of 
communication between the tear and the articular surface of 
the tendon. Intrasubstance tears will not be seen by the arthros-
copist as they do not communicate with the tendon surface.

a b

Fig. 3 (a) Sagittal T2-weighted fat suppressed image showing tendinosis 
of the superior fibers of subscapularis (arrows), note the intra- articular 
thick long head of the biceps tendon superiorly with mild signal abnormal-

ity consistent with mild tendinosis (b) axial T2-weighted fat suppressed 
image demonstration high signal of the superior fibers of the subscapularis 
tendon, not as intense as fluid, characterizing focal tendinosis
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Partial-thickness bursal surface tears demonstrate 
abnormal increased T2 signal along the superior (bur-
sal) surface of the tendon (Fig. 6). The articular surface 
remains intact. When there is fluid in the subacromial 
bursa, the tears are well visualized, particularly on 
T2-weighted images. However, these tears may not be 
visible on T1-weighted MR arthrographic images as the 
intra-articular gadolinium will not enter the gap in the 
tendon because of intact articular surface fibers. In addi-

tion, the presence of bursal fluid may not be appreciated 
on T1-weighted imaging. For these  reasons, it is crucial 
to include at least one T2-weighted sequence on all MR 
arthrographic exams to assess for fluid- filled bursal sur-
face tears. The extent of the partial tear can further be 

Fig. 5 Coronal oblique T2-weighted fat suppressed image showing 
partial thickness intrasubstance tear at the footprint, with adjacent bone 
marrow edema, tendinosis and bursitis

Drawing 2 Hand drawing of partial thickness tear types (coronal view of 
the supraspinatus tendon). 1. Intrasubstance footprint tear with adjacent 
bone cyst. 2. Intrasubstance tear. 3. Bursal side tear. 4. Undersurface tear

Drawing 3 Partial thickness undersurface delaminated tear

Fig. 4 Coronal oblique T2-weighted fat suppressed image showing 
supraspinatus partial thickness undersurface tear, and acromioclavicu-
lar joint degenerative changes with inferior osteophytes

MR Imaging of the Rotator Cuff and Rotator Interval



declared according to the depth; a commonly used grad-
ing system is shown in (Table 1) [4, 5].

 Full Thickness Tears

Tears of the supraspinatus tendon most commonly arise at 
the anterior aspect of the tendon immediately adjacent to 
its attachment onto the greater tuberosity (Fig. 7). 
Supraspinatus tears can extend posteriorly into the infra-

spinatus tendon or anteroinferiorly through the rotator 
interval to involve the medial aspect of the coracohumeral 
ligament and superior subscapularis tendon fibers, a situa-
tion that is associated with more severe supraspinatus atro-
phy and poor prognosis [6]. A full-thickness supraspinatus 
tear allows communication between the articular and the 
bursal compartments.

Infraspinatus tendon tears are often associated with 
supraspinatus tendon tears and may be observed in younger 
athletes with overhead activities and posterosuperior 

a

b

Fig. 6 (a) Coronal oblique T2-weighted fat suppressed image show-
ing partial thickness bursal side tear of the supraspinatus tendon, 
tendinosis and subacromial bursitis. (b) Sagittal T2-weighted image 
demonstrating the partial thickness bursal side tear, transverse 
length

Table 1 Extent of partial tear of the rotator cuff tendons

Grade I for tears < 3 mm

Grade II for extension 3–6 mm

Grade III if > 6 mm

a

b

Fig. 7 (a) Coronal oblique T2-weighted fat suppressed image showing 
full thickness tear of the anterior fibers of the supraspinatus tendon. (b) 
Sagittal T2-weighted image demonstrating the supraspinatus full thick-
ness tear transverse length
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impingement, in which there is often an articular side 
delamination of the cuff. The so-called ABER view 
(abduction and external rotation arm position) in conven-
tional MRI or MR arthrography has been proposed to 
increase the sensitivity for detection of these tears. For 
younger patients and patients suspected of having poste-
rior superior impingement and partial-thickness undersur-
face tears, the ABER position is valuable in demonstrating 
lesions of posterior superior impingement and undersur-
face tears of the rotator cuff as well as non-displaced tears 
of the anterior inferior labrum in patients with glenohu-
meral instability [7, 8] (Drawing 4). Teres Minor tendon 
tears are rare and present most commonly as partial tears 
accompanied by infraspinatus tears.

When describing rotator cuff tears there are a number of 
features that need to be described: the size, retraction, tear 
shape, and status of the muscle

 Size

The size (AP dimension) of a full thickness tear has impor-
tant implications on both the decision to perform surgery as 
well as the surgical approach, the postoperative prognosis, 
and the possibility of tear recurrence. DeOrio and Cofield 
classified rotator cuff tears on the basis of greatest dimension 
[9] as show on Table 2.

 Retraction

Retraction is defined as the medial-lateral extent of the tear. 
We can measure the retraction assuming its origin at the foot-
print or give information about its location regarding the 
acromioclavicular (AC) joint. The tendon can be lateral to 
the AC joint, at the AC joint or medially to the AC joint. It 
has been suggested that a tear is suspected to be irreparable 
if MR imaging depicts retraction medial to the AC joint, 
although this is controversial.

 Shape

The shape of a rotator cuff tear is important in the selection 
of a surgical technique. Tears can be classified arthroscopi-
cally into three basic shapes according to the tear geometry 
as viewed from the tendon surface: crescentic, U shaped 

Table 2 Rotator cuff full thickness tears DeOrio and Cofield classification

small <1 cm

medium 1–3 cm

large 3–5 cm

massive >5 cm

a b

Drawing 4 (a) Schematic illustration of the anatomy of the glenohu-
meral joint in ABER position. 1 Humeral head, 2 Glenoid, 3 Acromion. 
(b) Detail illustrations demonstrate: tear with torn edge of the articular 
surface. (Modified from Schreinemachers SA, et al (2009) Detection of 

partial-thickness supraspinatus tendon tears: is a single direct MR 
arthrography series in ABER position as accurate as conventional MR 
arthrography? Skeletal Radiol 38:967–975)
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and L shaped (Drawing 5). In crescentic tears, the tendon 
pulls away from the greater tuberosity but typically does 
not retract far medially and therefore can be reattached to 
bone with minimal tension. In crescenteric tears the antero- 
posterior diameter of the tear is greater than its medial-lat-
eral diameter. In L and U shaped tears the medial-lateral 
dimension of the tear is greater than the antero-posterior 
dimension. The difference between the L and U tears is 
whether or not the anterior or posterior attachments of the 

tendon are intact (U shaped) or disrupted (L shaped) 
(Drawing 5).

 Muscle Status

When rotator cuff tendons are torn it is important to evalu-
ate the associated muscle belly for its status, particularly 
the presence of any fatty atrophy (Fig. 8). The presence of 

a

c

b

Drawing 5 Full thickness tear shape. Drawings illustrate a U-shaped tear (a) a crescentic tear (b) and an L-shaped tear (c). (Modified from Morag 
Y, et al (2006) MR imaging of rotator cuff injury: what the clinician needs to know. Radiographics 26:1045–1065)
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Fig. 8 (a) Coronal oblique T2-weighted fat suppressed image showing 
full thickness total surface tear of the supraspinatus tendon with retrac-
tion, cranial migration the humeral head, and impingement with the 

superior labrum. (b and c) Coronal oblique and sagittal T1-weighted 
images showing atrophy of the supraspinatus muscle with fatty 
infiltration

fatty atrophy is considered a poor prognostic sign and a 
contraindication for surgery. Qualitative assessment of the 
fatty degeneration of the rotator cuff muscles can be made 
using the Goutallier classification [10], initially described 
for computed tomography and later adapted for MR 
(Table 3).

Table 3 Goutallier classification of muscle fatty degeneration

Stage 0 Normal muscle without fat

Stage I Few fatty streaks within the muscle

Stage II Less fat than muscle within the muscle

Stage III Same amount of fat and muscle within the muscle

Stage IV More fat than muscle within the muscle
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 Miscellaneous Conditions

 Calcific Tendinitis

Hydroxyapatite deposition disease (HADD) typically affects 
middle-aged persons and represents a common cause of joint 
pain, related primarily to periarticular deposition of calcific 
material within tendons. Asymptomatic hydroxyapatite 
deposits are common, and may be found in the periarticular 
soft tissues of virtually every joint. Clinical symptoms range 
from chronic or recurrent joint pain associated with a limited 
range of motion to acute severe pain and tenderness. It is 
estimated that HADD afflicts 3% of the asymptomatic adult 
population and 7% of those with shoulder pain. The shoulder 
is the most commonly affected region, where symptomatic 
HADD is usually referred to as “calcific tendinitis”, or “cal-
cific bursitis”, or “calcific tendinobursitis”. The critical zone 
of the supraspinatus tendon (approximately 1 cm from its 
insertion in the greater tuberosity) is, by far, the most fre-
quently affected site. It is common for hydroxyapatite depos-
its of the rotator cuff to migrate to adjacent tissues such as 
subacromial bursa, along the course of the tendon toward the 
myotendinous junction, or less commonly intra-osseously. 
The calcific deposits have a globular appearance and low- 
signal intensity at all MR imaging sequences (Fig. 9)

When the calcification deposits migrate to bones, muscle 
or bursae, there is associated increased signal intensity with 
T2 weighted MR imaging sequences because of the inflam-
matory process that develops with the migration (most 

symptomatic stage of the disease). After and during the 
migration we can observe increased bursal fluid or tenosyno-
vial fluid (when adjacent to long head of the biceps tendon). 
After that very symptomatic stage the calcification deposits 
can reabsorb and evenly disappear. It can be difficult to 
appreciate small amounts of calcification of MR and the use 
of radiographs or ultrasound may be helpful to confirm the 
presence of calcifications [11–13].

 Muscle Denervation

Etiologies for denervation include both inflammatory condi-
tions such as acute brachial neuritis and compressive neu-
ropathies. Fluid-sensitive MR sequences such as T2 fat 
saturated and short tau inversion recovery, or STIR, are use-
ful for detecting the increased T2 weighted signal associated 
with acute denervation. T1-weighted imaging is ideal for 
depicting fatty infiltration and muscle atrophy secondary to 
chronic denervation.

Acute brachial neuritis, also known as Parsonage-Turner 
syndrome, may result in atraumatic shoulder pain and weak-
ness, thereby mimicking a rotator cuff tear. Although the pain 
may resolve in weeks or months, weakness of the affected 
muscles may persist and result in fatty atrophy. Although the 
supraspinatus and infraspinatus are typically affected, the del-
toid and rhomboid muscles may also be affected.

The most common cause of nerve compression around 
the shoulder is compression of the suprascapular nerve by 

a b

Fig. 9 (a) Coronal oblique T1-weighted image showing calcific tendi-
nitis of the infraspinatus tendon visualized as focal low signal intensity 
hidroxiapatite deposits at the footprint. (b) Axial T2-weighted fat sup-

pressed image showing infraspinatus calcification as low signal inten-
sity and inflammatory reactive bone marrow as high signal intensity
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paralabral cysts secondary to labral tears. The suprascapular 
nerve courses through the suprascapular notch to enter the 
supraspinatus fossa where it gives off branches to the supra-
spinatus muscle and then courses through the spinoglenoid 
notch to enter the infraspinatus fossa and gives off branches 
to the infraspinatus muscle. The level of nerve compression 
can be inferred by identifying the involved muscles. 
Involvement of both the supraspinatus and infraspinatus 
implies a more proximal compression at the level of the 
suprascapular notch, while isolated infraspinatus involve-
ment is consistent with disease affecting the nerve at the 
level of the spinoglenoid notch.

The axillary nerve courses in the quadrilateral space and 
can suffer entrapment in this location, leading to the quadri-
lateral space syndrome. MR imaging can be useful for detec-
tion the etiology of the nerve compression. which can be 
secondary to paralabral cysts or by fibrous bands, which may 
be difficult to identify on MR imaging. Isolated edema/fatty 
atrophy of the teres minor muscle may be detected, some-
times accompanied by edema/fatty atrophy of the deltoid. If 
no structural abnormality is demonstrated, secondary signs 
of denervation become important in aiding the diagnosis of 
quadrilateral space syndrome [14–16].

 Rotator Interval

The rotator interval, the triangular shaped region demarcated 
by the coracoid process medially and the converging margins 
of the supraspinatus and subscapularis tendons laterally, con-
tains several structures important for the stability and proper 
biomechanical functioning of the shoulder. These include the 
coracohumeral ligament (CHL), the superior glenohumeral 
ligament (SGHL), and the intra-articular portion of the long 
head of the biceps tendon (LHB).

The CHL arises from the lateral aspect of the coracoid 
process and inserts on both the lesser tuberosity (the medial 
band of the CHL) and on the greater tuberosity (the lateral 
band of the CHL). The medial band of the CHL blends with 
the fibers of the SGHL to form the biceps pulley (sling) that 
surrounds the medial and inferior aspect of the intra-articular 
portion of the LHB.

The lateral band of the CHL surrounds the superior and 
lateral aspect of the intra-articular LHBT before inserting on 
the greater tuberosity of the humerus. The SGHL is a fold of 
the glenohumeral joint capsule that has a variable origin and 
inserts on the humerus just above the lesser tuberosity. The 
LHB arises from the posterosuperior labrum, the supragle-
noid tubercle or a combination of both. The tendon courses 
obliquely through the rotator interval before it exits the joint 
in the intertubercular groove.

The biceps pulley plays an important role in the stability of 
the intra-articular biceps tendon. It limits medial subluxation 

of the tendon when the arm is abducted and externally rotated. 
The superior insertion of the intra-articular subscapularis ten-
don also provides medial support of the biceps tendon by con-
tributing to the medial wall of the bicipital groove. Disruption 
of the pulley can lead to instability of the tendon with either 
subluxation or dislocation. Disruption can occur secondary to 
trauma [17] or overuse, such as repetitive overhead activity 
[18]. In addition, the pulley can be injured in associated with 
tears of the far anterior supraspinatus and far superior sub-
scapularis tendons that extend to involve the coracohumeral 
and/or superior glenohumeral ligaments [18, 19].

The clinical diagnosis of biceps pulley lesions can be dif-
ficult and it is also frequently difficult to identify abnormali-
ties of the pulley on MR imaging, because of the small size 
of the anatomic structures involved, unless there is associ-
ated biceps subluxation/dislocation. There are two main 
classification systems of biceps pulley injuries, the Bennett 
[20] and Habermeyer [21] classifications, which are based 
on the anatomic structures injured.
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