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Rotator cuff disease can be related to a number of factors that include degenerative, vascular, 

traumatic and mechanical causes. The most common cause of rotator cuff pathology is primary 
degeneration of the rotator cuff tendons with wear and aging. External and internal impingement, 
microinstability of the shoulder, trauma, overuse associated with athletic and occupational activities, 
underlying systemic disorders that weaken the tendon such as diabetes, renal and collagen vascular 
disease, steroid use and smoking contribute to rotator cuff pathology. Identification of the problem and 
the origin of the disease can often augmented by the use of magnetic resonance imaging (MRI). It is 
important to be aware of these causes because they may not be apparent by just identifying the 
pathology seen on MRI. When finding these lesions on an MRI, the interpreting radiologist and referring 
clinician should correlate them with symptoms, keeping in mind that there can be a discrepancy between 
MRI findings and symptoms related to rotator cuff disease. The clinician and the radiologist also need to 
associate various combinations of abnormalities together and connect them with the etiology. 

Tendinosis, partial and full thickness tears of the rotator cuff are common, especially as people 
get older. The supraspinatus tendon is most often involved, followed by the infraspinatus and 
subscapularis tendons. The teres minor is rarely abnormal, and when it is torn, it is often related to 
posterior shoulder instability. Rotator cuff defects can be seen in 30% of asymptomatic persons over the 
age of 60 years (1) and 65% of asymptomatic persons over 70 years of age (2). Tears can be seen in 
professional throwing athletes without any pain or decrease in performance (3). Many tears do not 
interfere with normal shoulder activity (4). Yet, there are many symptomatic patients with rotator cuff 
tears who benefit from therapeutic intervention by arthroscopic or open repair. MRI aids in the 
assessment of the tendons and muscles for clinical decision-making. It can show which tendons are 
involved, the type and size of the tear, and if there is retraction or fraying of the tendon ends.  Muscle 
atrophy and fatty infiltration may play a big role in determining if surgery should be attempted. Other 
findings, such as labral and biceps tendon tears in association with rotator cuff tears are also of crucial 
interest to the referring clinician.  
 
Shoulder Impingement 
 Shoulder impingement is a common cause of pain in adults. It is divided into external and 
internal categories. External impingement is produced by structural changes outside of the joint and 
includes primary and subcoracoid impingement. Internal impingement also called secondary extrinsic 
impingement is caused by rotator cuff and capsular abnormalities and is divided into postero-superior 
anterosuperior, and anterior forms. 
 
Primary Extrinsic impingement 

The primary extrinsic impingement syndrome is a common, progressively painful compression 
of the supraspinatus tendon, subacromial-subdeltoid bursa, and long head of the biceps tendon between 
the humeral head and the coracoacromial arch. The coracoacromial arch is comprised of the 
undersurface of the anterior third of the acromion, the coracoacromial ligament, the anterior third of the 
coracoid process, the acromioclavicular (AC) joint, and the distal clavicle. The pain occurs when the 
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arm is raised into a position of abduction and external rotation or is elevated forward and internally 
rotated ((5). Hypovascularity in the supraspinatus tendon, mechanical wear, acute trauma and repetitive 
microtrauma all serve as potential causes or effects of primary extrinsic impingement. 

This form of impingement is often seen in young athletes, especially those who engage in sports 
that involve overhead arm movement such as tennis, football, and baseball. It is also seen in persons 
whose occupations require overhead motion and in older individuals with degenerative changes of the 
coracoacromial arch. Classic primary extrinsic type of impingement results from entrapment of the 
supraspinatus tendon by the coracoacromial arch, which is caused by variations in the architecture of the 
coracoacromial arch, including one or more of the following: a subacromial enthesophyte, anteriorly 
hooked acromion, downsloping or low-lying acromion, inferior AC joint osteophytes, os acromiale, or a 
thickened coracoacromial ligament. Although these findings may be seen on MRI, linking them back to 
impingement can only be made by an examination of the patient. This part of the puzzle is a clinical 
abnormality not detectable on MRI. 

An os acromiale is more mobile than an acromion without accessory ossification centers. 
Motion is increased at the deltoid tendon insertion along the lateral inferior aspect of the ossification 
center. Contraction of the deltoid muscle can pull down on the lateral aspect of the acromion, creating 
a hinge effect that narrows the subacromial outlet with resultant impingement and tears of the rotator 
cuff. The coracoacromial ligament also commonly attaches to the unfused segment. Hyperostosis, or a 
step-off, may develop along the undersurface of the os acromiale at its site of failed union, leading to 
impingement and eventual tear of the supraspinatus tendon (6-9). Although in the past, surgical and 
radiologic literature has confirmed the association between os acromiale and impingement and rotator 
cuff pathology (6, 8, 10), there is some controversy about this (9). Simply identifying the os acromiale 
does not implicate it as the source of shoulder pain or rotator cuff disease. It is important to report the 
presence of an os acromiale, especially in patients who are being considered for subacromial 
decompression for impingement (8). The os acromiale has the potential for even more mobility and 
there can be further weakening of the synchondrosis after this procedure, leading to more 
impingement (5, 8). MRI has an advantage over conventional radiographs and CT in that it can reveal 
underlying, frequently associated rotator cuff tendon abnormalities and abnormal signal intensity in 
the os acromiale. In addition to possibly causing primary extrinsic impingement of the supraspinatus, 
an unstable or stressed os acromiale can cause shoulder pain. On MRI, it is common to see abnormal 
marrow signal with T2 hyperintensity around the synchondrosis. The synchondrosis may also be 
abnormally elevated in signal intensity. If the pain does not diminish, small ossification centers are 
often excised with reattachment of the deltoid; larger or unstable ones may be fused to the rest of the 
acromion. 

Other osseous causes of primary extrinsic impingement include a prominent greater tuberosity 
caused by fracture, malunion, or nonunion and Paget disease. Paget disease can produce enlargement of 
the acromion, resulting in narrowing of the coracoacromial outlet (11). The enlargement of the acromion 
and occasional abnormal signal intensity of the marrow can aid in diagnosis on MRI. Other bones may 
also be involved. A conventional radiograph should be consulted in such cases to identify pagetoid 
characteristics and confirm the diagnosis. 

An impingement-injection test, first described by Neer, is a tool to assess the presence of primary 
extrinsic impingement (12). The examiner elevates the humerus of the patient with one hand while 
preventing scapular rotation with the other. Pain is produced when the greater tuberosity of the humeral 
head impinges against the acromion. The pain is relieved by injection of an anesthetic agent into the 
subacromial space. Caution should be taken when using this test alone for the diagnosis of impingement, 
because other causes for the pain may also be relieved by the injection.  
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Rotator cuff disease associated with primary extrinsic impingement may include tendinosis, 
partial and full thickness tears. MRI characterizes the degree of tendon pathology and displays tendon 
retraction and associated muscle atrophy or fatty infiltration. MRI demonstrates abnormal distention of 
the subacromial-subdeltoid bursa or subcoracoid bursa. MRI can also show damage to the rotator 
interval, located in the region devoid of tendons between the supraspinatus and subscapularis tendons. 
There may be synovitis, tears of the superior glenohumeral and coracohumeral ligaments and tendinosis, 
subluxation and/or tears of the biceps tendon in this region.  

The biceps tendon often becomes impinged by the coracoacromial arch just before it enters the 
bicipital groove. Neer has shown that a shallow or laterally placed bicipital groove also exposes the long 
head of the biceps tendon to impingement by the anterior third of the acromion, resulting in 
inflammation or rupture of the intra-articular portion of the tendon. Fluid in the biceps tendon sheath is 
often seen in asymptomatic individuals because this structure communicates with the glenohumeral 
joint. It can be difficult to diagnose tenosynovitis of the biceps from an MRI since fluid naturally 
surrounds this tendon. Multiple low signal intensity bands in the tendon sheath are associated with 
tenosynovitis. With tendinosis, the tendon may be increased in size and may concomitantly or 
alternatively demonstrate internal high signal intensity on T2 weighting. This “hourglass” appearance is 
common in the long head of the biceps right before it enters the intertubercular groove. Sagittal images 
of the biceps are best for assessment of this location, but this is one area that is not well imaged by the 
routine planes used for shoulder MRI. In addition the magic angle phenomenon can be seen in this 
portion of the biceps on short TE images, simulating tendinosis. Partial thickness tears may be difficult 
to distinguish from tendinosis if the tendon is not thinned, split, or irregular. The full-thickness biceps 
tendon rupture is seen with discontinuity of the tendon and several axial MR images showing an empty 
intertubercular groove. 

Subacromial-subdeltoid bursitis and bursal thickening and fibrosis are associated with primary 
extrinsic impingement. It has been shown that bursitis is often associated with shoulder pain and a 
perception of disability (13). Previous injection of a local anesthetic or steroid preparation may cause 
difficulty in interpretation of the rotator cuff tendons and bursa (14) (15) (16, 17). The area of injection 
is high signal intensity on MRI and can mimic a bursitis, tendinopathy, or tear. Injected fluid can remain 
in the subacromial subdeltoid bursa for up to three days following injection (15). Since injections are 
performed without imaging guidance, a misdirected injection into the rotator cuff tendons and muscles 
can result in high signal intensity in those structures that simulate tendon tears and muscle strains (18). 
This can interfere with interpretation of muscle and tendons for several months, leading to false positive 
diagnoses of strain and tear. Therefore, it is important to ask the patient if they have had a recent 
injection and to discourage clinicians from performing injections before they order an MRI. 
 
Subcoracoid Impingement 

Subcoracoid impingement, also called (coracoid and coracohumeral impingement) is an 
uncommon form of impingement that occurs when the coracohumeral distance narrows, encroaching 
upon the subscapularis tendon, subcoracoid bursa, and anterior capsule (19, 20).  The narrowing can be 
caused by different factors, including morphologic variants of the lateral tip of the coracoid, alteration in 
coraco-glenoid angle, microinstability that narrows the distance, coracoid fractures and coracoid surgery 
(21).  

Subscapularis tendon tears result from this type of impingement. One may also see cystic 
changes in the lesser tuberosity of the humerus (20). Symptoms are produced with the humeral head in 
forward flexion and medial rotation reducing the distance between the coracoid and humerus. Narrowing 
of this distance can be caused by congenital hypertrophy, elongation of the coracoid, or acquired 
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conditions including coracoid or lesser tuberosity fractures, glenoid osteotomy, and coracoid process 
transfer during surgery (22).   

It is recommended that imaging plays a supporting role in this evaluation with the confirmation 
of this disorder remaining a clinical and arthroscopic diagnosis. Patients present with anteromedial 
shoulder pain and tenderness over the coracoid process. One should look for subscapularis tendon 
pathology, lesser tuberosity cysts and marrow signal abnormalities, biceps tendon subluxations, as well 
as subcoracoid and anterior subacromial-subdeltoid bursitis (23). Measuring coracohumeral distance is 
not always the key to the diagnosis and at this time is not considered diagnostic. The normal 
coracohumeral distance has been quoted at 8.6 mm in one study (24), whereas a distance of 10.5-11.5 
mm has been called clinically significant narrowing in another. The coracohumeral distance is 1.4-3mm 
smaller in females than in males (24). Because the coracohumeral distance is narrowed in internal 
rotation, it has been suggested that imaging of the glenohumeral joint be obtained in internal rotation 
when specifically evaluating this form of impingement (25).  

There is also a correlation between narrowing of the coracohumeral interval and the presence of 
a full thickness supraspinatus tendon tear due to anterosuperior humeral migration (26). This secondary 
form of subcoracoid impingement may be seen in older individuals resulting in subscapularis tendon 
degeneration and tears and is a cause of continued anterior shoulder pain following supraspinatus tendon 
repair. 
 
Internal Impingement (Secondary Extrinsic Impingement) 

Secondary extrinsic impingement can be caused by inferior narrowing of the coracoacromial 
outlet from glenohumeral or scapulothoracic instability. Posterior-superior impingement is an internal 
form of impingement that can produce shoulder pain and can lead to partial thickness tears of the 
undersurface of the rotator cuff.  

Internal (secondary extrinsic impingement) varies from primary extrinsic impingement in that 
there is no morphologic abnormality of the coracoacromial arch. This form of impingement is produced 
in the setting of glenohumeral microinstability, which produces narrowing of the coracoacromial outlet 
owing to anterior capsular laxity resulting in anterior translation during throwing (27, 28). It can also 
result from scapulothoracic instability, glenohumeral internal rotation deficit, and posterosuperior 
glenoid impingement. It is more common in younger patients and athletes who perform repetitive 
overhead or throwing motions that produce repetitive shear force during the late cocking and early 
acceleration phases. In one study, 68% of patients with anterior or multidirectional shoulder instability 
had impingement signs in addition to apprehension and capsular laxity (29). 
 
Anterior Superior Impingement 

Painful shoulder internal rotation and adduction, can be caused by a form of internal 
impingement involving abnormal anterosuperior humeral head translation on the glenoid as a result of 
biceps pulley lesions. The undersurface of the biceps pulley mechanism and subscapularis tendon may 
impinge against the anterosuperior glenoid rim resulting in biceps subluxation and subscapularis partial 
failure. The supraspinatus tendon may also be involved. This problem is termed anterior superior 
impingement (ASI)(30).This impingement can be seen in those who use repetitive overhead movement in 
an occupation (masonry) or sport (tennis, pole vaulting).   

MRI can demonstrate abnormalities of the biceps pulley in the rotator interval, biceps 
subluxation and dislocation and tears of the subscapularis and supraspinatus tendons around the biceps 
pulley (31-33) (31-33). Treatment of type1 lesions of the pulley may require suture repair of the pulley. 
The type 2 lesions involve debridement of the supraspinatus with a transtendon repair. Type 3 lesions 
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involve repair of the subscapularis tendon tear and biceps stabilization. The type 4 lesion is treated with 
repair of the supraspinatus and subscapularis tendon tears as well as a biceps tenodesis or tenotomy. It is 
of interest that there is also an increased incidence of AC joint arthritis in patients with ASI. It is debated 
whether this entity is associated with SLAP lesions (30, 34). 

 
Posterior Superior Glenoid Impingement 

Another form of instability is believed by some to be associated with impingement of the labrum, 
rotator cuff and joint capsule between the greater tuberosity and glenoid rim in certain positions, 
especially in the act of throwing. This is termed posteriorsuperior glenoid impingement or PSGI. PSGI 
is believed by some to be the result of impingement of the humeral head with the glenoid rim in the 
ABER position, commonly seen in overhead athletes, especially baseball and tennis players, javelin 
throwers, and swimmers. It can also be present in non-athletes (28, 35). PSGI is seen in the setting of 
repetitive abduction and external rotation. There is significant repetitive shear force applied to the 
glenohumeral joint during the late cocking phase when the shoulder is in extreme abduction and external 
rotation. This leads to anterior capsular failure, causing anterior glenohumeral joint laxity and increased 
anterior translation during throwing. Scapular dyskinesia, called the SICK scapula (scapular malposition, 
inferior medial border prominence, coracoid pain and malposition and dyskinesis of scapular movement) 
or hyperangulation of the humerus in relation to the scapula may further aggravate the condition (36, 
37).This imbalance of the humerus sliding anteriorly in this ABER position with impaction of the 
greater tuberosity and glenoid margin, impinges on the undersurface of the posterior supraspinatus and 
anterior infraspinatus tendons and the posterior superior labrum. Findings on MRI are summarized in 
Table and include fraying and tears of these structures in 81-100% of these patients with the clinical 
diagnosis of internal impingement (28, 36, 38). Cysts and impaction deformities are also seen along the 
posterior aspect of the greater tuberosity (39).This condition is treated conservatively in those with 
minor structural damage, with surgical debridement and repair of the labrum and tendons along with 
capsular plication reserved for more extensive tears. 

Whether PSGI is the result of an impingement process or an alteration in the biomechanics of the 
glenohumeral joint is a subject of debate since impingement of the supraspinatus and infraspinatus 
tendons on the glenoid can be a normal physiological occurrence (38, 40-43). When this results in injury 
to the rotator cuff, glenoid labrum and greater tuberosity is it the result of increased frequency and/or 
force of impingement?  
 
 
 
Glenohumeral internal rotation deficit (GIRD) 

An alternative mechanism for similar soft tissue findings to PSGI that includes articular sided 
supraspinatus and infraspinatus tears and superior labral tears, is that of glenohumeral internal rotation 
deficit (GIRD), originally described by Burkhart (44-46). Thought to be a form of microinstability rather 
than impingement by some and not others,  GIRD is seen in the dominant shoulder of throwing athletes, 
resulting from repetitive throwing motions in the ABER position, which leads to a posterior fibrosing 
capsulitis. This thickening of the posterior band of the IGHL is a precursor to the Bennett lesion, 
described previously and commonly seen in baseball pitchers. The proponents of this theory hypothesize 
that microinstability of the shoulder due to repetitive overuse during follow-through phase of throwing 
creates the tight posterior capsule combined with anterior capsular stretching. The center of rotation of 
the glenohumeral joint is shifted posterosuperiorly on the glenoid, changing the forces on the superior 
labrum, biceps tendon and anchor. This leads to superior labral tears with excessive twisting of the 
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biceps tendon, causing a “peel back” Type II SLAP lesion of the posterior superior labrum along with 
twisting of the supraspinatus and infraspinatus tendons producing articular sided partial tears in a similar 
location to what has been described with PSGI. GIRD is characterized by pain in the late cocking and 
early acceleration phase of throwing. The athletes have a decrease in throwing velocity, hampering 
athletic performance creating a “dead arm” characterized by sudden sharp pain and discomfort throwing 
a fastball during the late cocking or early acceleration phase created  by the SLAP lesion. This posterior 
capsular tightening allows for further external rotation of the shoulder by increasing clearance for the 
greater tuberosity with limited internal rotation of the humerus. 

  Imaging findings of GIRD include thickening of the posterior capsule adjacent to the posterior 
labrum, tears of the superior labrum posterior to the biceps anchor, articular sided tears of the posterior 
supraspinatus and infraspinatus tendons, sclerosis and cyst formation in the posterior rim of the glenoid 
and posterior humeral head. Remodeling can occur in the posterior glenoid rim. One may see posterior 
decentering of the humeral head on routine images, but sometimes the ABER positioning can bring out 
subtle posterior  decentering of the humeral head on the glenoid not seen with the arm at the side. The 
ABER position can also show the posterior peel back of the superior labrum and the undersurface tears 
of the tendons.  

Treatment of GIRD is at first conservative with physical therapy that stretches the posteroinferior 
capsule as well as arthroscopic debridement and repair of the soft tissue pathology. If that fails, 
arthroscopic release of the posterior capsule can be performed to improve motion (45). 
 

Other Causes of Rotator Cuff Impingement 
Supraspinatus muscle hypertrophy is an intrinsic form of impingement of the supraspinatus 

muscle. It is common in athletes such as weight-lifters and swimmers who perform forceful overhead 
arm movements. This form of impingement can be seen in the presence of a normal coracoacromial arch 
(47). Patients tend to be most symptomatic when carrying heavy objects with the arms at the sides and 
when sleeping. In this condition, there is deformation of the supraspinatus musculotendinous junction 
beneath the AC joint and anterior acromion on oblique coronal MR images. Supraspinatus muscle 
hypertrophy can be treated by reduction in overhead activity. 

Callus around a healed greater tuberosity fracture can also lead to impingement of the 
supraspinatus tendon between the remodeled prominent greater tuberosity and the lateral acromion. A 
prominent greater tuberosity can lead to impingement of the supraspinatus tendon by the same 
mechanism. 

Scapulothoracic instability results from abnormal scapular motion during throwing. Stability and 
positioning of the scapulothoracic articulation is dependent on a delicate balance between 
scapulothoracic muscles (trapezius, serratus anterior, rhomboids, and latissimus dorsi). Abnormalities in 
the biomechanics of this articulation can result in malpositioning of the glenoid articular fossa. This may 
produce superior positioning of the humeral head with respect to the glenoid with narrowing of the 
coracoacromial outlet, leading to impingement. 
 
Shoulder instability and rotator cuff tears 

Rotator cuff tears associated with instability are especially common in the patient over 40 years 
of age who may have pre-existing tendinosis or partial tears. In anterior instability, the anteriorly 
unstable humeral head can produces narrowing of the coracoacromial outlet, leading to rotator cuff 
pathology. Such sequelae of instability mimics primary impingement and should be thought of, 
particularly in the younger patient (adolescent and young adult) who is more likely to have instability 
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rather than impingement.  Tears of the subscapularis tendon are often associated with anterior or 
posterior dislocation and are important to detect, since subscapularis strengthening is one of the 
treatments for instability (48). With posterior humeral dislocation, extreme tension placed at the glenoid 
fossa on the subscapularis tendon at the time of dislocation may predispose to a tear or avulsion of the 
lesser tuberosity (49).Tears of the teres minor and infraspinatus tendons can be seen more frequently 
with posterior dislocation (50). In one study, 42% of acute posterior dislocations were associated with 
rotator cuff lesions (51). Rotator interval injuries may also occur with subluxation or dislocation in the 
form of stretching or tears. Tears of the rotator interval can be treated with surgical closure (52, 53). 

Some hypothesize that microinstability can be associated with rotator interval laxity and avulsion 
or laxity of the SGHL or MGHL allowing for abnormal contact between the humerus and the articular 
surface of the anterior supraspinatus tendon and the superior glenoid labrum resulting in anterior 
impingement or what is termed the superior labrum anterior cuff (SLAC Lesion) (30). These patients 
present with anterior superior shoulder pain that mimics extrinsic impingement without classical 
impingement signs. The shoulder fatigues easily and there can be parascapular pain. Symptoms are 
provoked on clinical examination by shoulder extension and superior displacement of the humeral head 
with the arm abducted.  On MRI, one will see involvement of the anterior superior labrum (type 2 SLAP 
lesion) and glenoid. There is a partial thickness tear of the articular side of the anterior supraspinatus 
tendon. The MGHL may also be involved. Treatment for SLAC lesions include imbrication of a 
patulous rotator interval, reattachment of the labrum, and repair of the SGHL and MGHL and tendon 
tear.  
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