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Shoulder pain and chronic reduced function are fre-
quently heard complaints in an orthopaedic outpa-
tient department. The symptoms are often related to 
the unique anatomic relationships present around the 
glenohumeral joint (Uri 1997). Impingement of the 
rotator cuff and adjacent bursa between the humeral 
head and the coracoacromial arch are among the most 
common causes of shoulder pain. Neer noted that 
elevation of the arm, particularly in internal rotation, 
causes the critical area of the cuff to pass under the 
coracoacromial arch. In cadaver dissections he found 
alterations attributable to mechanical impingement 
including a ridge of proliferative spurs and excres-
cences on the undersurface of the anterior margin 
of the acromion (Neer 1972). Thus it was Neer who 
introduced the concept of an impingement syndrome 
continuum ranging from chronic bursitis and partial 
tears to complete tears of the supraspinatus tendon, 
which may extend to involve other parts of the cuff 
(Neer 1972; Matsen 1990).

The muscles of the rotator cuff, the deltoid muscle, 
and the muscles inserting at the proximal humerus, 
including the thoracodorsalis muscle, and the pec-
toralis muscles, control the shoulder joint. Without 
muscle control, a relatively free subluxation of the 
humeral head in anterior, posterior or inferior direc-
tion is possible despite intact glenohumeral ligaments 
and muscles. The deltoid muscle, the pectoralis major 
muscle, and parts of the rotator cuff muscles center 
the humeral head under the coracoacromial arch 
by pulling the humeral head upwards. This force is 
counteracted only by downward directed gravitation, 
and muscles with an inferior insertion at the humeral 
head or proximal humerus.

Rotator cuff disease is related to various factors. 
A dominant mechanism seems to be upward center-
ing of the humeral head with a failure to stabilize 
the shoulder against this muscle action. Stiffness of 
the posterior capsule or increased muscle tension in 
the posterior located cuff muscles may aggravate the 
impingement process by forcing the humeral head 
upwards against the anteroinferior acromion as the 
arm is elevated (Fig. 9.1) (Matsen 1990).
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Anatomic variants in the shape of the acromion, 
degeneration of the rotator cuff tendons with or 
without calcifying deposits, repetitive or severe 
trauma, chronic overuse due to occupation or sports 
activities, contribute to the development of rota-
tor cuff pathology by increasing friction and wear 
against the acromion and the coracoacromial arch 
(Bigliani et al. 1991; Bigliani and Levine 1997; 
Hijioka et al. 1993). An increase in volume of the 
soft tissue in the subacromial space, for example due 
to swelling from mucoid degeneration of a tendon, 
compromises the subacromial space and symptoms 
of impingement appear because of the unyielding 
nature of the coracoacromial ligament (Uthoff et 
al. 1988).

Others believe that the pathogenesis of most 
rotator cuff tears is an intrinsic degenerative pro-
cess of the rotator cuff, because they observed 
such degenerative changes at the undersurface of 
the acromion in the absence of tears (Ogata and 
Uhthoff 1990), or found specimens that had a 
partial tear of the rotator cuff on the articular side 
with an usually intact undersurface of the acromion 
(Ozaki et al. 1988).

9.1                                                                                  
Definition of Impingement Syndrome

Subacromial impingement syndrome is a painful 
compression of the supraspinatus tendon, the sub-
acromial–subdeltoid bursa, and the long head of the 
biceps tendon between the humeral head and the 
anterior portion of the acromion occurring during 
abduction and forward elevation of the internally 
rotated arm (Neer 1972). The test injection is used 
to prove the presence of impingement syndrome. 
Impingement syndrome is present in a painful shoul-
der when subacromial infi ltration with an anesthetic 

agent results in pain relief, while provoking pain with 
the arm elevated (Kessel and Watson 1977; Watson 
1989; Neer 1995).

Any abnormality that disturbs the relationship 
of the subacromial structures may lead to impinge-
ment (Bigliani et al. 1991; Bigliani and Levine 
1997). Several forms of impingement have been dif-
ferentiated. Causes leading to impingement can be 
classifi ed as intrinsic (intratendinous) or extrinsic 
(extratendinous). Impingement is further charac-
terized as primary or secondary to another process, 
such as instability. Impingement of the supraspinatus 
tendon can be caused by a primary narrowing of the 
supraspinatus outlet or by secondary subacromial 
bone apposition (osteophytes), bone apposition 
at the greater tuberosity, glenohumeral instability, 
including superior labrum anterior posterior (SLAP) 
lesions, muscle imbalance with increased forces cen-
tering the humeral head under the coracoacromial 
arch, and supraspinatus hypertrophy due to occupa-
tion or sports activities.

Impingement of the supraspinatus tendon and 
the greater tuberosity occurs primarily against the 
acromial end of the coracoacromial ligament and 
the anterior tip of the acromion during stretching 
of the ligament, which explains the presence of trac-
tion osteophytes on the anterior acromion (Burns 
and Whipple 1993). Biceps tendon impingement 
occurs predominantly against the lateral free edge of 
the coracoacromial ligament (Burns and Whipple 
1993).

Coracoid impingement is a painful compression 
of the subscapularis tendon between the anterior 
portion of the humeral head at the level of the lesser 
tuberosity and the coracoid process. The glenoid rim 
impingement occurs from repetitive posterior and 
cranial subluxation of the humeral head in throwers 
or tennis players with compression of the posterior 
superior labrum and subsequent degeneration of the 
labrum, frequently followed by ganglion cyst forma-

a b

Fig. 9.1a, b. Stiffness of the posterior gle-
nohumeral capsule or increased muscle 
tension is frequently associated with 
signs of impingement. A normally lax 
posterior capsule allows downward shift 
during fl exion of the arm (a). Stiffness 
of the posterior capsule or increased 
muscle tension force the humeral head 
upwards, causing narrowing of the 
supraspinatus outlet near the anterior 
tip of the acromion (b). (Adapted from 
Matsen 1990) 
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tion. This form of impingement is better classifi ed as 
instability.

Impingement, which ultimately results in degen-
eration of the rotator cuff tendons, is a combined 
interaction of several elements including vascular, 
degenerative, traumatic, and mechanical or anatomic 
factors. These elements are interrelated, and each 
affects the tendons in a manner that contributes to 
tendon weakening (Neviaser and Neviaser 1990).

9.2                                                                                  
Stages of Impingement

The changes in the supraspinatus tendon from 
normal to complete rupture are classifi ed accord-
ing to Neer in three stages (Neer 1977, 1983). The 
fi rst stage of impingement syndrome is edema and 
hemorrhage in the distal part of the tendon close to 
the insertion at the greater tuberosity. In this area, 
called the critical zone, the nutrition of the avascular 
tendon is limited because of the distance from the 
vascularized bone and the vascularized supraspina-
tus muscle. Unfortunately, this zone is also exposed 
to the pressure between the upward centered humeral 
head and the anterior portion of the acromion. Stage I 
is found in persons younger than 25 years, may result 
from excessive overhead use in sports or work, and 
can be reversible.

Repetitive mechanical trauma and stress causes 
fi brosis and thickening of the subacromial–sub-
deltoid bursa and tendonitis in the supraspinatus 
tendon, indicating the second stage of impingement 
syndrome. On histopathology degeneration rather 
than infl ammation is present. Stage II is frequently 
seen in patients 25–40 years at age. The shoulder 
functions satisfactorily for light activity but becomes 
symptomatic after vigorous overhead use.

The third stage is represented by progressive 
impairment due to degeneration and rupture of the 
supraspinatus tendon. With further impingement 
wear, incomplete or complete tears of the rotator cuff 
and biceps lesion occur. In general affected patients 
are older than 40 years. This stage is associated with 
osseous changes at the undersurface of the acromion 
with bone appositions directed anteriorly inside the 
coracoacromial ligament, laterally, and caudally and 
changes at the greater tuberosity with cyst formation, 
bone apposition, and increased bone sclerosis. Later 
bone changes include narrowing of the acromiohum-
eral distance and ascent of the humeral head in rela-
tion to the glenoid (Neer 1972).

Panni et al. determined the prevalence of rota-
tor cuff pathologies in 80 shoulder specimens 
obtained from 40 cadavers. The mean age at death 
was 58.4 years. The rotator cuff was normal in 82.5% 
(66 shoulders); an articular-side partial tear was 
present in 5% (four cuffs); a bursal-side partial tear 
was seen in 7.5% (six cuffs); and a full-thickness tear 
was found in 5% (four cuffs) (Panni et al. 1996).

9.3                                                                                  
Imaging of Impingement Syndrome: 
Imaging Modalities

For imaging impingement syndrome and rotator 
cuff pathologies, radiographs, ultrasound, arthrog-
raphy, computed tomography (CT), magnetic reso-
nance imaging (MRI) and magnetic resonance (MR) 
arthrography are used. Three radiographs compris-
ing ‘true’ anteroposterior (AP) outlet-view and ‘Rock-
wood’ projection are obtained routinely. Ultrasound 
is used frequently to get an overview of the rotator 
cuff pathology. Arthrography is only rarely used as 
a single method. When available, a combination of 
MRI following the distension of the joint capsule 
with fl uid is a widely used practice.

9.3.1                                                                                           
Radiography

Imaging of the shoulder should start with radio-
graphs. Three projections are routinely obtained: 
A ‘true AP’ view is needed with 30° rotation of the 
opposite shoulder away from the screen holder 
and 10°–15° caudal angulation of the tube. This 
view provides a tangent projection of the glenoid. 
The angulation of the tube compensates for the 
downsloping of the acromion in dorsal direction, 
the rotation for the anterior angulation of the gle-
noid (Figs. 9.2, 9.3).

Deltoid contraction, as well as the muscles of 
the rotator cuff, center the humeral head under the 
coracoacromial arch. The subacromial space, mea-
sured by the acromiohumeral interval (AHI), closely 
refl ects the thickness of the rotator cuff tendons. The 
normal acromiohumeral interval measures 9–10 mm 
with a range from 8 to 12 mm. It is signifi cantly 
greater in men, and shows a slight reduction with 
age (Petersson and Redlund-Johnell 1984). An 
acromiohumeral interval of less than 7 mm indicates 
pathologic thinning of the supraspinatus tendon due 
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Fig. 9.2a–c. The subacromial space is visible without superimpo-
sition on the ‘true’ AP projection. The acromiohumeral interval 
can be measured. In this patient with long-standing impinge-
ment syndrome a lateral acromial spur with bone appositions 
is seen with sclerosis of the undersurface of the acromion (a). 
The outlet view displays the anteroposterior extent of the cau-
dally orientated bone proliferations at the undersurface of the 
acromion (b). The Rockwood projection delineates the anterior 
overhanging of the acromion and the secondary hook (c) 

a

b

c

a

c

b

Fig. 9.3a–c. The three standard radiographic projections in 
a patient with long-standing impingement syndrome, ‘true’ 
anteroposterior, outlet view and ‘Rockwood’ view, is displayed 
(a–c). A marked enthesophyte with outgrowth of bone is pres-
ent at the anterior acromion, projecting mainly anteriorly, fol-
lowing the course of the coracoacromial ligament 
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to degeneration, or partial or small full thickness 
tear. When the acromiohumeral interval is 5 mm or 
less, this usually indicates that the tear has reached 
such an extent that reconstructive surgery for the 
supraspinatus tendon is associated with poor results. 
In cases with progression to rupture of the long 
head of the biceps tendon, the mean AHI is 2.2 mm 
(Hamada et al. 1990).

With a ‘true ap’ view, the bone appositions under 
the acromion, the position, and lateral orientation 
of the coracoid process and lateral superacromial 
osteophytes can be evaluated (Figs. 9.2–9.4). The AP 
view also provides information regarding the rela-
tionship of the humeral head to the glenoid. In the 
presence of thinning of the rotator cuff tendons, the 
muscles subluxate the humeral head in cranial direc-
tion and place the humeral head off-center under the 
acromion. With the progressive upward migration of 
the humeral head in patients with chronic complete 

and massive tears, an acromiohumeral articulation 
occurs with concave remodeling of the acromial 
undersurface.

A lateral view of the acromion for evaluation of 
the acromial shape is possible with an ‘outlet view,’ 
a modifi ed transscapular lateral view at a 5°–10° 
caudal angle of the central beam to compensate 
for the down slope of the acromion from medial 
to lateral (Kilcoyne et al. 1989). To obtain high 
quality projections, an experienced technician must 
adapt the angulations according to the individual 
position of the scapula in every patient. The ‘outlet 
view’ demonstrates the bone appositions at the 
undersurface of the acromion, the AP extension of 
those appositions and the congruity of the relation 
of the coracoacromial arch and the humeral head 
(Figs. 9.2–9.4).

The ‘Rockwood’ view is an anteroposterior projec-
tion at a 30° caudal angle of the X-ray beam (Kilcoyne 

a
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b

Fig. 9.4a–c. A patient with long-standing impingement syndrome, ‘true’ AP, 
outlet view, and ‘Rockwood’ projection. Bone proliferations at the undersur-
face of the acromion are present, with a concave appearance and sclerosis 
on the AP projection. There are also irregularities, sclerosis, and bone 
appositions at the greater tuberosity visible (a). On the outlet view bone 
proliferations are located predominantly under the middle and anterior 
third of the acromion with a remodeling of the acromion from a more fl at 
to a curved appearance (b). The extension of the bone formations towards 
anterior is visible on the ‘Rockwood’ projection (c) 
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et al. 1989; Kitchel et al. 1984;  Rockwood and 
Lyons 1993). The anterior extension of bone apposi-
tions at the anterior acromion are best seen on this 
view. This projection outlines the down-bowing 
curvature of the lateral clavicle and the acromiocla-
vicular joint from an anterosuperior point of view. A 
tangent line is drawn caudally along the cortex of the 
clavicle from medial to lateral. The normal acromion 
does not override the lateral extension of this line. 
Enthesophytes in patients with chronic impingement 
syndrome form convex hook-like and sometimes 
bizarre bone appositions at the anterior acromion. 
Frequently, the presence of such bone appositions 
is appreciated well in one of these three projections, 
but no prediction can be made in which particular 
projection these will be seen best. The combination 
of the ‘true AP’ view, the ‘Rockwood’ view with 30° 
caudal angulation of the central ray, and outlet view 
provides a near-orthogonal projection of the anterior 
third of the acromion and the acromioclavicular joint 
(Gold et al. 1993).

9.3.2                                                                                           
Ultrasound

Ultrasound is widely used for the evaluation of the 
rotator cuff, but is largely operator-dependent (Gold 
et al. 1993). Proper positioning of the patient is criti-
cal for the performance of shoulder Ultrasound. The 
examination is performed with the patient seated. 
Imaging begins with the patient’s arm adducted and 
in the neutral position, and continues as the arm is 
internally rotated and placed behind the back. In this 
position the extent of the rotator cuff that is exposed 
laterally to the acromion is increased (Soble et al. 
1989; Seibold et al. 1999). This investigation ter-
minates after the arm is elevated laterally and then 
anteriorly (Gold et al. 1993). Transducers with a 
frequency rage of 9–13 MHz are used, providing an 
in-plane resolution of 200–400 µm and a section 
thickness of 0.5–1.0 mm.

Major diagnostic criteria for rotator cuff tears 
are a well-defi ned discontinuity within the normal 
echogenic cuff substance, which is usually visible 
as a hypoechoic focus within the cuff, absence or 
nonvisualization of the cuff, indicating a large tear, 
and an echogenic focus within the cuff (Soble et al. 
1989; Crass and Craig 1988). Ultrasound can detect 
increased fl uid in the subacromial subdeltoid bursa, 
which is normally thinner than two millimeters 
and is usually poorly seen in its nondistended state 
(Bretzke et al. 1985).

Rotator cuff ultrasound was reported to be less 
reliable than MRI and to have a limited role in the 
evaluation of rotator cuff pathologies (Brandt et al. 
1989; Nelson et al. 1991). With recent sonographic 
technical advances, Swen et al. (1999) found a sen-
sitivity for the detection of full thickness tears of 
the rotator cuff of 0.81, and a specifi city of 0.94. 
The results for ultrasound were equal to or better 
than MRI in this study. Ultrasound should be the 
primary diagnostic method in screening shoulder 
pain because it is economical and fast (Bachmann 
et al. 1997).

9.3.3                                                                                           
Arthrography

Shoulder arthrography with injection of contrast 
media is an indirect method for the evaluation of the 
glenohumeral joint. Only the fi lling of partial or com-
plete defects in the rotator cuff tendons is detected 
when the defects originate from the articular side. 
Partial tears of the bursal surface and intrasubstance 
changes are not detectable. Soft tissue pathologies, 
including muscle atrophy and hypertrophy, infl am-
matory or stress related reactions in the bursae, the 
tendons, the labrum or in the bone, are also not visu-
alized on arthrograms.

If possible, an arthrogram should be followed by 
an MRI study. The distension of the joint capsule and 
the fl uid in the joint cavity enhances the sensitivity 
and specifi city of MRI, especially in the evaluation 
of partial and full thickness tendon tears. We recom-
mend using a mixture of 0.2 ml of a gadolinium-con-
taining contrast medium and 15 ml of a non-ionic 
iodinated water-soluble contrast agent for MRI.

Double-contrast shoulder arthrography was rec-
ommended for the evaluation of rotator cuff tears 
because of its exquisite sensitivity and accuracy. The 
site of disruption has been reported to be directly 
visible in 93% of cases (Mink et al. 1985). For dem-
onstration of the precise site of rotator cuff defects 
digital arthrography has also been recommended 
(Stiles et al. 1988). Due to side effects of magnetic 
susceptibility, double contrast arthrography is not 
suitable for MRI. If MRI is available, arthrography as 
a stand-alone investigation is no longer performed 
and single contrast arthrography is used to prepare 
the patient for MRI.
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9.3.4                                                                                           
Magnetic Resonance Imaging

MRI is an ideal imaging modality for patholo-
gies of the shoulder and signifi cantly infl uences 
the clinicians’ diagnostic confi dence for lesions of 
the shoulder (Blanchard et al. 1997). Soft tissue 
structures, including the tendons and muscles of the 
rotator cuff, the glenoid labrum, the long head of the 
biceps tendon, fl uid collections and edema in bone 
and soft tissue are all well displayed. With MRI, there 
is free access to the imaging plane, and with technical 
developments including suppression of the fat signal, 
extension of the matrix to 512, and increasing imag-
ing speed, sensitivity and specifi city of MRI of the 
shoulder is unsurpassed by other imaging modali-
ties.

For MRI of the shoulder, a relaxed placement of 
the patient inside the gantry is important. The arm 
should rest in a neutral position without internal or 
external rotation beside the body. Imaging in internal 
rotation produces overlap of the supraspinatus and 
infraspinatus tendon with soft tissue interposition 
or apparent discontinuity of the tendon and should 
be avoided (Davis et al. 1991). Placing the forearm 
on the abdomen can result in motion artifacts due 
to breathing. Most MRI studies are performed with-
out provocative positioning with the arm in neutral 
position and display only secondary fi ndings of 
shoulder impingement syndrome. It was shown 
that supraspinatus impingement is best seen at 60° 
forward fl exion, 60° abduction, and internal rotation 
and proposed that the shoulder be imaged in differ-
ent positions to additionally detect dynamic aspects 
of shoulder impingement syndrome (Brossmann et 
al. 1996).

We suggest that routine MRI protocols for un -
enhanced shoulder studies begin with an axial T2-
weighted gradient-recalled echo sequence from the 
acromion to the axillary recess. This sequence, pre-
dominately necessary to show the labrum in patients 
with suspected instability, also displays the oblique 
course of the supraspinatus muscle.

This sequence should be followed by oblique 
coronal T1-weighted images and a short inver-
sion time inversion recover (STIR) sequence in the 
same imaging plane. The angulation of this plane 
should be adapted to the anatomical course of the 
supraspinatus tendon (Seeger 1989). Instead of 
a STIR sequence, one can use a proton density or 
T2-weighted fat saturated sequence which provides 
similar contrast with high sensitivity to water pro-
tons. However, occasionally an inhomogeneous 

saturation of the fat signal can occur when using a 
frequency selective fat suppression sequence. This 
problem does not occur with STIR sequences. The 
supraspinatus muscle and tendon are displayed in 
their complete course (Vahlensieck 2000).

Sagittal images are equally important and are per-
formed perpendicular to the oblique coronal images. 
They should also be aligned to the course of the gle-
noid. A T2-weighted fast spin-echo (FSE) sequence 
is preferred to a fat saturated sequence as the high 
signal intensity of the marrow fat from the acromion 
and the humeral head serves as a good contrast for 
the low signal intensity of the cortical bone and the 
tendons of the rotator cuff. Using perfectly fat-sup-
pressed sequences can make the differentiation of the 
tendons from the bone diffi cult. The images must be 
obtained from the most outer part of the supraspina-
tus tendon, including the fi broosseous junction, and 
the greater tuberosity to at least the middle part of 
the muscle belly of the supraspinatus muscle. These 
images through the supraspinatus fossa are manda-
tory for evaluation of the muscle quality and for 
quantifi cation of supraspinatus atrophy.

Most important for imaging rotator cuff patholo-
gies are the oblique coronal STIR sequence and the 
oblique sagittal T2-weighted sequence. Criteria to 
look for include fl uid collections in the subacromial 
subdeltoid bursa; the thickness of the rotator cuff 
tendons and muscles, especially thinning or thicken-
ing of the supraspinatus tendon; bone marrow edema 
at the greater tuberosity and the acromioclavicular 
joint; cyst formation in the posterior upper part of 
the humeral head; the shape of the acromion, includ-
ing bone appositions underneath the acromion and 
at the anterior or lateral border of the acromion; and 
fl uid collections in the tendons of the rotator cuff 
with focus to the supraspinatus tendon.

9.3.4.1                                                                                                      
Sequences

For T2-contrast, FSE techniques perform equally 
well compared to conventional spin-echo sequences 
and include time-saving benefi ts (Sonin et al. 1996; 
Carrino et al. 1997). Adding fat-suppression tech-
niques increases overall image quality and visualiza-
tion of the supraspinatus tendon or any abnormality 
(Carrino et al. 1997). Fat suppression reduces respi-
ratory artifacts due to the reduction of signal inten-
sity of the subcutaneous fat. Fat suppression also 
results in improved soft-tissue contrast by expansion 
of the dynamic image display, and eliminates chemi-
cal misregistration artifacts. Finally, sensitivity for 
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pathologic fl uid collections and areas of edema are 
enhanced greatly with fat suppression techniques 
(Mirowitz 1991). Fat-saturation FSE imaging can 
effectively replace conventional FSE imaging for the 
detection of rotator cuff pathology and tends to per-
form better in the diagnosis of partial tears (Reinus 
et al. 1995; Quinn et al. 1995; Singson et al. 1996; 
Needell and Zlatkin 1997).

T2*-weighted gradient-recalled echo (GRE) 
sequences have also been proposed as an alternative 
method for rotator cuff evaluation (Holt et al. 1990; 
Resendes et al. 1991; Kaplan eta l. 1992; Vahlen-
sieck et al. 1993; Tuite et al. 1994). T2*-weighted 
sequences can shorten scan time and improve the 
signal-to-noise ratio. Unfortunately T2*-weighted 
images tend to be less sensitive and specifi c com-
pared to standard T2-weighted images and with 
the availability of fast spin-echo techniques with 
or without fat-suppression, gradient-recalled echo 
sequences are no longer used for imaging rotator 
cuff pathologies (Parsa et al. 1997). However, these 
sequences are still in use for axial imaging of the 
glenoid labrum.

9.3.4.2                                                                                                      
Gadolinium

Intravenous contrast material (gadolinium) is not 
applied routinely. In cases with calcifying tendinitis 
the infl ammatory fi brovascular tissue adjacent to the 
calcium deposits can be displayed with i.v. contrast. 
Synovial enhancement in patients with adhesive cap-
sulitis, rheumatoid arthritis, or non-specifi c synovitis 
is also well delineated with i.v. contrast. Enhance-
ment can be found in fi brovascular tissue in partial 
or complete rotator cuff tears, although STIR images 
also delineate the pathologic changes with increased 
signal intensity.

With the i.v. administration of gadolinium, an 
indirect arthrographic effect by enhancement of joint 
fl uid can be produced (Winalski et al. 1993). It has 
been proposed that the patient should exercise the 
shoulder for 10–20 min after the contrast injection 
based on fi ndings by Vahlensieck who reported a 
four times greater signal intensity in joints that were 
exercised before imaging than in joints that had not 
been exercised (Vahlensieck et al. 1993). Because 
exercise may be problematic in patients with rotator 
cuff pathologies, indirect arthrography of the unex-
ercised shoulder in patients with rotator cuff tears 
was evaluated (Allmann et al. 1999). Allmann 
found 120% enhancement after 4 min and 145% 
enhancement after 8 min without exercise of the 

shoulder, which lead him to suggest this method as a 
less time-consuming alternative to indirect arthrog-
raphy after joint exercise. The limits of indirect 
arthrography include the lack of active distension 
of the joint capsule and the inability of patients with 
shoulder pathology to exercise the affected shoulder 
properly for 15–20 min.

9.3.4.3                                                                                                      
MR Arthrography

MR arthrography enhances the accuracy of MRI 
in the evaluation of rotator cuff tendons (Flannigan 
et al. 1990; Hodler et al. 1992). Conventional MRI 
of the shoulder is limited in depicting intraarticular 
structures when insuffi cient fl uid is present to outline 
their structure. Fat-suppressed sequences further 
improve the diagnostic performance of MR arthrog-
raphy, especially in the differentiation of partial from 
full-thickness cuff tears and in the detection of small 
partial tears of the inferior tendon surface (Palmer 
et al. 1993).

MR arthrography should be performed with a 20-
gauge needle under fl uoroscopic control. The tech-
nique performing shoulder arthrography usually 
involves an anterior approach for needle placement 
regardless of the presenting history and symptoms. 
Tailoring the arthrographic technique by using a 
posterior approach if patients present with a his-
tory of anterior instability or anterior symptoms 
can help to avoid damage to anterior structures 
including the capsulolabral complex (Chung et al. 
2000). The intraarticular position of the needle can 
be confi rmed by injecting 1 ml of iodinated contrast 
material. There have been attempts to puncture the 
glenohumeral joint with MR guidance (Petersilge 
et al. 1997; Trattnig et al. 1997). The additional 
time required for the puncture in the MR unit is 
10–21 min.

The joint should be distended with a total of 
12–14 ml of fl uid. If a gadolinium solution is used, 
1 ml gadopentetate dimeglumine are diluted in 100–
250 ml of saline (Brenner et al. 2000; Binkert et al. 
2001a). Exercise, usually included in conventional 
shoulder arthrography protocols, has no benefi cial or 
detrimental effect on image quality or on the depic-
tion of rotator cuff or labral tears (Brenner et al. 
2000). If a combination of iodinated contrast material 
and gadolinium is used, the addition of 1 ml of gado-
pentetate dimeglumine to 10 ml of iodinated contrast 
material is recommended (Kopka et al. 1994).

Controversies related to the non-defi ned legal 
status of intraarticular gadolinium-based solutions 
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have resulted in increased interest in alternative 
contrast materials. Binkert et al. (2001a) compared 
two concentrations of gadoteridol with Ringer solu-
tion as contrast material for MR arthrography of the 
glenohumeral joint. MR arthrograms of the shoulder 
obtained with gadoteridol and those obtained with 
Ringer solution provided equivalent diagnostic accu-
racy. The authors, however, preferred the image qual-
ity of the gadoteridol-enhanced arthrograms.

A routine protocol uses fat-suppressed T1-
weighted images at a 3-mm slice thickness in all three 
planes (coronal oblique, sagittal oblique, and axial) 
post-injection, if gadolinium is added to the injected 
fl uid (Stoller 1997). If only saline is injected, proton 
density-weighted images with fat-suppression are 
acquired. Three-dimensional (3D) gradient echo 

acquisitions with T2 contrast and fat-suppression 
have also proved to be very useful (Fig. 9.5).

The ABER position, in which the patient’s arm 
is abducted and externally rotated, is reported to 
enhance the detectability of partial thickness tears 
of the undersurface of the rotator cuff, especially in 
the infraspinatus tendon during MR arthrography 
(Tirman et al. 1994). This position is easily achieved 
in an open magnet, but is problematic in high fi eld 
strength magnets and dedicated shoulder coils. The 
ABER position and external rotation alone has been 
shown to optimize the visualization of the biceps–
labral complex and glenohumeral ligaments (Kwak 
et al. 1998). The ABER position should be included in 
the imaging protocol in athletes suffering shoulder 
pain from throwing (Roger et al. 1999).

Fig. 9.5a–e. Magnetic resonance arthrogram with a combination of iodinated contrast material and gadolinium. The supraspi-
natus muscle and tendon is outlined by the positive contrast of the injected fl uid. The joint cavity has high signal intensity from 
the added gadolinium (a). Proton density fat-suppressed image (b) and fat-suppressed gradient echo three-dimensional image 
(Flash) (c) have high signal-to-noise ratios due to the high signal intensity of fl uid in the joint space (b, c). Magnetic resonance 
arthrography, sagittal fat-suppressed gradient echo three-dimensional FLASH images, calculated slice thickness 1.8 mm (d, e). 
The only 2-mm thick capsule of the rotator interval and the grayish ovoid biceps tendon passing through the joint are seen 
(arrow) (d). A more medially located cut displays the superior glenohumeral ligament inserting at the biceps anchor. Also, the 
inferior humeral insertion of the middle and inferior glenohumeral ligaments are visible (e) 
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other, forming the so-called subacromial–subdeltoid 
bursa, which does not communicate with the gleno-
humeral joint (Vahlensieck 2000; Mellado et al. 
2002). Fluid distending the subacromial–subdeltoid 
bursa is a non-specifi c fi nding, as it may be encoun-
tered in association with subacromial impingement, 
partial or complete rotator cuff tears, and calcifying 
tendinitis (Fig. 9.6).

During impingement of the supraspinatus 
tendon the subacromial–subdeltoid bursa becomes 
compressed between the greater tuberosity of the 
humeral head and the anterior portion of the acro-
mion. This chronic compression can result in an 
infl ammatory reaction of the bursal synovium and 
secretion of fl uid into the bursa. Fluid is not detected 
in the normal bursa (Bureau et al. 1996). Fluid in the 
bursa is recognized on T2-weighted images by the 
increased signal intensity of the subdeltoid–subacro-
mial bursa which indicates local bursal infl ammation 
(Schraner and Major 1999). Imaging of patients 
with impingement syndrome must be sensitive to 
the detection of fl uid collection in the bursa, which 
is achieved by the use of highly water-sensitive 
sequences, such as STIR sequences or proton-density 
fat signal suppressed sequences.

Tasu et al. (2001) evaluated MR criteria in patients 
with impingement syndrome in comparison to 
normal volunteers. The patients had a type III acro-
mion signifi cantly more often. The acromiohumeral 
distance in patients was signifi cantly decreased to 
4.9 mm compared to 6.0 mm, and the coracohu-

Patient discomfort during MR arthrography of the 
shoulder has been assessed. Arthrography-related 
discomfort was well tolerated, often less severe than 
anticipated, and rated less severe than MRI-related 
discomfort (Binkert et al. 2001b). In a study to 
establish whether patients prefer arthrography or 
MRI, anxiety, pain, and preferences of the patients 
were evaluated. Mean levels of anxiety were slightly 
higher, but not statistically signifi cant different, for 
patients undergoing MRI than those having arthrog-
raphy. Also, no signifi cant differences were found 
regarding whether patients would prefer MRI or 
arthrography on the basis of past or current experi-
ence (Blanchard et al. 1997).

9.4                                                                                  
Imaging Findings in Impingement Syn-
drome and Rotator Cuff Tears

9.4.1                                                                                           
Bursal Effusion

The subacromial bursa is located between the acro-
mion and coracoacromial ligament superiorly, and 
the rotator cuff and rotator interval inferiorly, medi-
ally reaching the undersurface of the acromioclavicu-
lar joint. The subdeltoid bursa is placed between the 
deltoid muscle and the lateral aspect of the humeral 
neck. Both bursae communicate in 95% with each 
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Fig. 9.6a, b. Tendinosis and partial thickness tear of the supraspinatus tendon with bursal effusion. The peripheral part of 
the supraspinatus tendon is thickened and signal intensity on T1-weighted image is increased (a). On the fat-suppressed T2-
weighted image a large bursal effusion has high signal intensity (b). Near the greater tuberosity a partial, bursa-sided tear is 
seen. The bone marrow edema in the degenerated acromioclavicular joint and the bone appositions at the undersurface of the 
acromion are associated fi ndings in chronic impingement syndrome 



Impingement and Rotator Cuff Disease 131

meral distance was also signifi cantly decreased to 
7.9 mm compared to 8.9 mm in asymptomatic vol-
unteers. Finally, the anterior covering of the humeral 
head by the acromion was signifi cantly reduced in 
the impingement group. All these factors refl ect a 
decrease in the acromiohumeral space except for the 
anterior covering of the humeral head, which is prob-
ably due to anterior instability.

9.4.2                                                                                           
Imaging Following Impingement Test Injection

Kieft et al. (1988) noted large areas of increased 
signal intensity on the T2-weighted images at the 
side of injection. Two studies had been conducted 
to determine the appropriate minimum waiting time 
between an impingement test with subacromial injec-
tion and subsequent MRI to avoid misinterpretation 
if the injected fl uid is still present (Wright et al. 
1998; Bergman and Fredericson 1998). Wright et 
al. (1998), who imaged their patients every 12 h until 
the fl uid disappeared, recommended that MRI should 
be delayed a minimum of 24 h after subacromial 
injection. Bergman and Fredericson (1998)on the 
other hand, recommended a delay of 3 days. They had 
their fi rst control examination of their six patients at 
day three after the test injection test.

9.4.3                                                                                           
Tendinosis

There was early evidence that MRI is well suited for 
evaluation of the rotator cuff because MR is the only 
imaging modality capable of direct visualization of 
the rotator cuff tendons, the subacromial subdeltoid 
bursa, and the biceps tendon (Holt et al. 1990; 
Reeder and Andelman 1987; Seeger et al. 1988). 
A normal supraspinatus tendon should exhibit low 
signal intensity on all pulse sequences. There is gen-
eral agreement that a focal area of increased signal 
intensity on a T1-weighted image without increased 
signal intensity on a T2-weighted image and without 
thickening or thinning of the tendon is due to the 
magic angle artifact or is without clinical relevance.

Mucoid degeneration of a rotator cuff tendon, a 
fi nding frequently present in the anterior portion of 
the supraspinatus tendon near the insertion at the 
greater tuberosity, is the initial fi nding in subacro-
mial impingement (Tasu et al. 2001). This peripheral 
part of the tendon is called the critical zone because 
of its lack of nutritial vessels, which extend from the 

proximal muscle belly and the distal fi bro-osseous 
junction partly into the tendon, leaving a part of the 
tendon free from vessels.

In addition to the lack of nutritial vessels, this part 
of the tendon is mechanically exposed to increased 
loading due to the deviation of the tension forces 
during activation of the supraspinatus tendon while 
elevating the arm. The tendon is not only exposed to 
tension forces but also to an increased pressure load 
against the humeral head while changing the direc-
tion of the tension forces downwards to the greater 
tuberosity.

Stress to the peripheral part of the supraspina-
tus tendon near the insertion is also produced by 
friction forces occurring between the subacromial 
bone surface and the supraspinatus tendon during 
elevation of the arm and gliding of the tendon 
underneath the coracoacromial arch. If there is 
increased muscle tone centering the humeral head 
under the coracoacromial arch, the friction between 
the supraspinatus tendon and the anterior acromion 
is increased. At this point occupational and socio-
cultural infl uences in the etiology of impingement 
syndrome may exist.

A tendon with focal or diffuse increased signal 
intensity on proton density-weighted images without 
further increase of signal intensity on T2-weighted 
images and an indistinct margin at the articular side 
of the supraspinatus tendon corresponds to eosino-
philic, fi brillar, and mucoid degeneration and scarring. 
Tendons with areas of increased signal intensity on 
T2-weighted images are associated with severe degen-
eration and disruption of the supraspinatus tendon 
(Kjellin et al. 1991) and have increased signal inten-
sity also on STIR and T1-weighted images (Fig. 9.7). 
No focal or linear area of water-equivalent signal 
intensity is seen. Frequently in cases of focal or diffuse 
regions of increased signal intensity or in cases with a 
nonhomogenous pattern of increased signal intensity, 
a thickening of the degenerated part of the tendon 
with enlargement is present (Rafi i et al. 1990).

Tendinosis in many cases is a result of impinge-
ment syndrome. Fluid collections can be present in 
the subacromial subdeltoid bursa, fi ndings similar 
to that of infl ammation (Fig. 9.8). This early stage 
of rotator cuff disease is frequently called tendinitis. 
The histologic data reported in the study of Kjellin 
et al. (1991) were not those of active infl ammation 
but rather tendon degeneration. Contrast enhance-
ment, if present, is related to fi brovascular tissue and 
not due to infl ammation. Therefore, the term tendi-
nitis should not be used to describe tendinosis in the 
early stages of rotator cuff disease.
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To determine if supraspinatus pathology as 
defi ned by MRI is associated with clinical signs of 
impingement, Frost et al. (1999) obtained MRIs of 
the shoulder in 42 workers with and 31 age-matched 
workers without signs of impingement. In all, 55% of 
the subjects in the impingement group and 52% of 
the subjects in the control group had a pathologic 
supraspinatus tendon. These fi ndings lead Frost 
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Fig. 9.7a, b. Tendinosis in impingement syndrome. The supraspinatus tendon is thickened, signal intensity is increased on 
the T1-weighted (a) and T2-weighted image (b). Bursal effusion predominantly seen lateral to the greater tuberosity. Capsu-
lar thickening and a small osteophyte is seen at the undersurface of the lateral clavicle, probably in part responsible for the 
impingement syndrome 

et al. (1999) to conclude that supraspinatus tendon 
pathology is related to age rather than to clinical 
signs of impingement.

Others have also noted a high prevalence of rota-
tor cuff tears and tendon and peritendinous and 
bone abnormalities in an asymptomatic population 
(Neumann et al. 1992, 1996; Sher et al. 1995). The 
prevalence of rotator cuff tears is 34% in a popula-
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Fig. 9.8a, b. Tendinosis in chronic impingement syndrome. The supraspinatus tendon exhibits increased signal intensity on the 
T1-weighted image (a) and fat-suppressed T2-weighted image (b). The peripheral part of the mucoid degenerated tendon is 
thickened and effusion in the subacromial–subdeltoid bursa is present. Note also the marked bone apposition at the undersur-
face of the acromion, impinging upon the supraspinatus tenon
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tion with an average age of 53 years (19–88 years), 
with 15% having full thickness rotator cuff tears, 
and 20% having partial-thickness tears (Sher et al. 
1995). The frequency of tears increased signifi cantly 
with age (Sher et al. 1995). The presence of subacro-
mial spurs was 37% and was correlated closely with 
MR-evident tendon abnormalities. The prevalence of 
spurs was 11% in subjects with a normal tendon, 33% 
in those with MR-evident tendinopathy, 68% in those 
with MR-evident partial tears, and 79% in those with 
MR-evident complete tears. Humeral head cysts were 
found in 24% of asymptomatic subjects (Needell et 
al. 1996).

In 89%–95% of asymptomatic shoulders, the 
supraspinatus tendon shows a focal, linear, or dif-
fuse increased signal intensity on proton density-
weighted images without abnormalities on T2-
weighted images (Neumann et al. 1992; Liou et al. 
1993). The peribursal fat plane is poorly defi ned or 
absent (focally obliterated) in 49%–95% of asymp-
tomatic shoulders, and fl uid in the subacromial–sub-
deltoid bursa is found in 20% (Neumann et al. 1992; 
Liou et al. 1993).

Increased signal intensity within the distal por-
tion of the supraspinatus tendon in healthy sub-
jects can also be caused by the magic-angle effect 
(Timins et al. 1995). Erikson et al. described a 
markedly increased intratendinous signal intensity 
observed at the ‘magic angle’ of 55°, intermediate 
signal intensity was observed at 45° and 65°. Tendon 
orientation in relation to the static magnetic fi eld 
greatly affects the signal intensity of the tendon 
during MRI (Erickson et al. 1991, 1993). Although 
Vahlensick et al. (1993) recognized two segments 

of the supraspinatus muscle, an anterior fusiform 
portion that contains the dominant tendon and a 
strap-like posterior portion, they concluded that 
the zone of increased signal intensity seen near 
the insertion is related to tendon orientation in the 
magnetic fi eld (‘magic angle’) and not explained by 
fat or partial volume averaging.

9.4.4                                                                                           
Partial Thickness Tears

Defects of the fi bers of a rotator cuff tendon can 
include only parts of the tendon without penetrating 
the full thickness of the tendon. These partial defects 
are located either on the articular surface at the syno-
vial refl ection (rim rents), within the central portion 
of the tendon or outside the joint along the bursal 
aspect of the tendon (Codman and Akerson 1931).

Rim rents (partial tears at the articular surface) 
develop frequently at the point of attachment 
immediately adjacent to the articular surface of the 
humeral head, but can also occur distant from this 
attachment (Fig. 9.9). The prevalence of these partial 
thickness supraspinatus ruptures is reported to be 
32%–37% and increase with age, most often seen 
in the sixth and seventh decades (Ellman 1990; 
Lohr and Uhthoff 1987). Partial tears occurring in 
the bursal surface are less commonly reported. The 
defects appear to be the result of friction of the acro-
mion (Fig. 9.10) (Codman and Akerson 1931). Tears 
can develop from within 1 cm of the insertion and 
can vary from superfi cial fl ap to nearly full-thick-
ness. At the distal stump hypervascularity has been 
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Fig. 9.9a, b. Articular-sided partial supraspinatus tear. Bursal effusion and fl uid in the partial defect in the mid-substance of the 
supraspinatus tendon is seen well on both the proton-density fat-suppressed image (a) and the STIR image (b). There is also a 
small cyst present in the greater tuberosity at the fi bro-osseous junction of the supraspinatus tendon 
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observed in several cases on histology (Fig. 9.11) 
(Fukuda et al. 1990). Rim rent tears can be mistaken 
for a intratendinous signal, and should be carefully 
looked for in younger patients with shoulder pain 
(Tuite et al. 1998).

Isolated intratendinous tearing of the supraspina-
tus tendon is rare, and most cases are associated with 
bursal or joint side cuff tears (Fukuda et al. 1994). 
Usually they are located in the mid-layer of the tendon 
and extend parallel to the axis of the tendon. These 
partial mid-substance tears frequently reach the 
enthesis and show local disruptions there. If fl uid is 
present, water equivalent signal intensity is seen in the 
area of the defect. Partial thickness tears are usually 
circumscribed and rarely exceed 10 mm measured in 
the AP or sagittal direction. They can be missed by 
MRI and arthrography (Fukuda et al. 1996).

Consistent differentiation of tendinosis, partial 
thickness tears and full-thickness tears of the rotator 
cuff tendons is more diffi cult on non-enhanced MR 
images when no fl uid is present in the joint cavity or 
in the bursa (Robertson et al. 1995). Partial thick-
ness tears or a horizontal splitting of the tendon 
beginning from the joint surface or the bursal surface 
is only detectable if there is fl uid signal present in the 
defect or between the tendon layers. Frequently this 
fl uid is absent and sensitivity for partial thickness 
tears of non-enhanced MR imaging of the shoulder is 
low. The reported sensitivities and specifi cities for the 
detection of partial thickness tears ranges between 
15% and 92%, and 85% and 99%, respectively. In a 
large series of 222 patients with 26 partial and 45 

full-thickness tears the sensitivity ranged from 35% 
to 44% and the specifi city ranged from 85% to 97% 
(Reinus et al. 1995; Quinn et al. 1995; Singson et al. 
1996; Iannotti et al. 1991; Balich et al. 1997).

MR arthrography can solve the problem of partial 
thickness tears originating from the joint surface 
of the tendon. Unfortunately partial thickness tears 
originating from the bursal surface of the tendon are 
still missed, as long as there is no communication 
of the joint cavity with the bursa, allowing for the 
injected contrast medium or the fl uid to fi ll the bursa 
and the partial thickness tear. Rare cases of partial 
thickness tears that progressed to full-thickness 
tears of the supraspinatus tendon, leaving a very thin 
layer of synovium and capsule intact, can be missed 
in arthrography and even in MR arthrography, but 
can be suspected due to the substance loss on nonen-
hanced MR images (Blanchard et al. 1998).

9.4.5                                                                                           
Full-Thickness Tears

A complete or full-thickness tear of a rotator cuff 
tendon involves all fi bers of the tendon from the 
joint surface to the bursal surface (Fig. 9.12). A 
full thickness tear always creates a communication 
between the joint cavity and the bursa. A total of 78% 
of all tendon tears involve the supraspinatus muscle, 
isolated ruptures of the tendon of the infraspinatus 
muscle and the subscapularis muscle are relatively 
rare. If present, they frequently occur in combina-

Fig. 9.10a, b. Bursa-sided partial thickness tear with bone marrow edema in greater tuberosity. This case combines a classic com-
bination of imaging fi ndings in long-standing impingement syndrome including fi brillation and thickening of the peripheral 
part of the supraspinatus tendon, bursal effusion, remodeling of the undersurface of the acromion with bone apposition, bone 
marrow edema at the fi bro-osseous junction at the greater tuberosity, and partial thickness tear in this area (arrow)

a b



Impingement and Rotator Cuff Disease 135

tion with a supraspinatus tendon lesion. A rupture 
of the teres minor muscle tendon does not occur 
under normal circumstances. Tears are centered in 
the anterior half of the rotator cuff in 79% of patients 
younger than 36 years old, and in 89% of the patients 
older than 36 years (Tuite et al. 1998).

The prognosis of a full-thickness supraspinatus 
tear is infl uenced by several factors. Most important 
is the size of the tear. A focal defect of only a few 
millimeters in size can be responsible for signifi cant 
clinical complaints. These defects are relatively easily 
excised and repaired. The larger the defect becomes 

a

in the AP diameter, the greater the possibility that 
parts of the ruptured tendon fi bers can retract, which 
can also increase the size of the defect in the medio-
lateral direction. Retraction of the tendon stumps 
increases the diffi culties associated with intraop-
erative reinsertion of the tendon into the bone at the 
greater tuberosity and facilitates the development 
muscle atrophy, a sign related to a poor outcome of 
supraspinatus repair surgery.

The imaging criteria of a full-thickness tear include 
discontinuity of the cuff with water equivalent signal 
intensity on T2-weighted or STIR images within the 

Fig. 9.11a–c. Bursa-sided partial thickness tear. Oblique coronal non-enhanced T1-weighted image (a), T1-weighted image 
following gadolinium application (b), and STIR image (c). The supraspinatus tendon is thickened (a) and there is marked 
enhancement visible in the subacromial–subdeltoid bursa and in the gap of the partially ruptured tendon (arrow) (b). Here, 
fl uid with high signal intensity is present (arrow) (c) 
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Fig. 9.12a, b. Large full-thickness supraspinatus tendon tear, oblique coronal and oblique sagittal T2-weighted magnetic reso-
nance arthrography arthrograms. Between the dark cortex of the humeral head and the low signal intensity bone apposition at 
the undersurface of the acromion only the bright signal from fl uid is seen (a). On the oblique sagittal image complete absence 
of tendon tissue is visible from the rotator interval anteriorly to the anterior aspect of the infraspinatus tendon (arrow) (b) 
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musculotendinous gap and extending from the low 
intensity cortical bone of the humeral head to the cor-
tical bone of the undersurface of the acromion or to the 
undersurface of the deltoid muscle (from the bursal to 
the joint surface of the tendon) (Fig. 9.13) (Reinus et 
al. 1995; Kneeland et al. 1987; Evancho et al. 1988; 
Burk et al. 1989). No residual fi bers are present in a 
localized area in the subacromial space. A diagnosis of 
a full-thickness tear of a rotator cuff tendon only refers 
to the communication of the joint cavity with the bursa, 
without giving the information as to whether the tear 
is large or small. Reported values for sensitivities and 
specifi cities in the detection of full-thickness rotator 
cuff tears are high and range from 84% to 100% and 
93% to 100%, respectively (Quinn et al. 1995; Singson 
et al. 1996; Iannotti et al. 1991; Balich et al. 1997; 
Burk et al. 1989).

Full-thickness tears are associated with fl uid col-
lections in the subacromial subdeltoid bursa, which 
is the most common fi nding in full-thickness rotator 
cuff tears (93%) (Farley et al. 1992). Interruption of 
tendon continuity is the most specifi c fi nding in full-
thickness tears (Farley et al. 1992).

When describing a full-thickness rotator cuff 
tendon tear, the exact extension of the tear in the 
oblique AP and oblique sagittal directions should be 
measured. In 1990, Patte (1990b) introduced a clas-
sifi cation system of rotator cuff lesions from a clini-
cal point of view. This system helps when comparing 
studies reporting the outcome of surgical repairs and 
describing rotator cuff lesions radiologically. The 
following factors are classifi ed within this system: 
Extent of tear; topography of tear in sagittal plane; 

topography of tear in frontal plane; quality of muscle; 
and state of the long head of biceps tendon (LHB). 
Sub-classifi cations of the extent of the tear include 
partial tears, full-thickness tears measuring less than 
1 cm in the sagittal diameter at the bony detachment, 
full-thickness tears of the entire supraspinatus, full-
thickness tears involving more than one tendon, mas-
sive tears with a secondary osteoarthritis. Topogra-
phy of tear in the sagittal plane specifi cally classifi es 
subscapularis tears, coracohumeral ligament tears 
(rotator interval), isolated supraspinatus tears, tears 
of entire supraspinatus and one-half of infraspina-
tus, tears of supraspinatus and infraspinatus, tears 
of subscapularis, supraspinatus, and infraspinatus 
(Fig. 9.14) (Patte 1990b).

It is important to provide the orthopaedic surgeon 
a most detailed description of the morphology and 
extent of the rotator cuff lesion as outcome is closely 
related to the size and position of the defect preop-
eratively (Watson 1985). Also, to monitor nonopera-
tive management of full-thickness rotator cuff tears 
makes a precise description mandatory (Goldberg 
et al. 2001).

9.4.5.1                                                                                                      
Subacromial Distance

The subacromial distance, like on radiographs, cor-
relates to the presence of rotator cuff tears and also to 
the size of the tear. A total of 71% of shoulders with 
a full-thickness rotator cuff tear have a subacromial 
distance of 5 mm or less, 71% of control shoul-
ders show more than 6 mm subacromial distance 

Fig. 9.13a–c. Full-thickness supraspinatus tendon tear; oblique coronal T1-weighted and STIR images, as well as an oblique sagit-
tal T2-weighted image. The tendon defect is diffi cult to appreciate on T1-weighted image (a). On the STIR image the stump of 
the torn supraspinatus tendon is visible (arrow) (b). A small area of bone marrow edema is also present in the greater tuberosity. 
For assessment of the AP extent of the tendon defect oblique sagittal images are necessary (c). The bone marrow infarction also 
seen on the images is not related to the full-thickness tear (arrows)
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Fig. 9.14a–c. Full-thickness infraspinatus tendon tear; oblique coronal T1-weighted image, oblique sagittal T2-weighted image, 
and axial T1-weighted image. Signs of chronic cuff pathology are obvious: subacromial bone remodeling and bone apposition, 
full-thickness rotator cuff tear (a). The defect is located posterior under the mid-substance of the acromion in the infraspinatus 
tendon (black arrows)(b). Infraspinatus atrophy is seen posterior from the scapula; the anterior located subscapularis muscle 
is normal (white arrow) (c) 
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(Kaneko et al. 1994). An acromiohumeral distance 
of 5 mm or less indicates a poor prognosis if an 
operation will be performed.

9.4.5.2                                                                                                      
Peribursal Fat Plane

On radiographs and MR images, a fat plane lines the 
subacromial-subdeltoid bursa. This curvilinear fat 
is located extrasynovial and 1–2 mm thick. A focal 
or complete obliteration of this fat plane is seen in 
partial or complete tears of the rotator cuff or other 
bursal or soft tissue abnormalities of the shoulder, 
including calcifi ed tendinitis and rheumatoid arthri-
tis (Mitchell et al. 1988; Zlatkin et al. 1989). Dis-
continuity or obliteration of the subacromial–sub-
deltoid bursal fat is an unreliable diagnostic sign, 
since the fat plane is often focally absent in normal 
shoulders (Mirowitz 1991; Kaplan et al. 1992).

9.4.5.3                                                                                                      
Intramuscular Cysts

Cystic lesions that arise adjacent to the shoulder 
include paralabral cysts associated with a tear of 
the glenoid labrum with possible extension into the 
suprascapular or spinoglenoid notch and acromio-
clavicular cysts in association with massive tears 
of the rotator cuff. Recently, a series of 13 cases of 
intramuscular cysts of the rotator cuff were identi-
fi ed (Sanders et al. 2000). Intramuscular cysts of the 
rotator cuff are associated with small, full-thickness 
tears or partial undersurface tears of the rotator cuff. 

These cysts are relatively small and are contained 
within the facial sheath or in the substance of the 
muscle (Fig. 9.15). They are unilocular or multilocu-
lar oblong-shaped fl uid masses, paralleling the long 
axis of the involved rotator cuff muscle (Sanders 
et al. 2000).

9.4.6                                                                                           
Massive Tears

Small full-thickness tears will enlarge over time. 
When the tear is only a few millimeters, the humeral 
head remains in place and keeps its relationship to 
the glenoid. In tears greater than 10 mm in diam-
eter the humeral head is slowly moved upward by 
those shoulder muscles centering the humeral head 
underneath the coracoacromial arch. In cases of 
massive tears, which exceed 20 mm in diameter, the 
infraspinatus tendon in addition to the supraspinatus 
tendon, and in rare cases, the subscapularis tendon, 
become torn and insuffi cient (Fig. 9.16). The humeral 
head migrates upward and fi nally articulates with the 
undersurface of the acromion (Fig. 9.17). With time 
the undersurface of the acromion becomes remod-
eled with resorption of the central bone and forma-
tion of a concave aspect of the inferior acromion. This 
process is appreciated roentgenographically as acro-
mial acetabulization (Hamada et al. 1990). In this 
late phase of impingement syndrome with chronic, 
massive rotator cuff rupture and joint remodeling, 
the acromioclavicular joint is also frequently severely 
damaged.
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9.4.6.1                                                                                                      
Acromioclavicular Cyst

Acromioclavicular cysts can be an unusual occurrence 
with rotator cuff tears (Craig 1986). In the presence 
of a massive cuff tear, the chronic friction between the 
humeral head and the acromioclavicular joint leads to 
mechanical wear of the articular capsule in the under-
surface of this joint. This allows synovial fl uid to leak 
and accumulate into the acromioclavicular joint with 
free communication of the glenohumeral joint with the 
subdeltoid subacromial bursa, the acromioclavicular 
joint and the soft tissue cranial of the acromioclavicu-
lar joint (Fig. 9.18) (Postacchini et al. 1993).

During arthrography with injection of contrast 
material a rapid fl ow of contrast medium is observed 
into a fl uid-fi lled mass above the acromioclavicu-
lar joint. These acromioclavicular cysts are rare 
conditions usually occurring in the presence of a 
wide communication between glenohumeral and 
acromioclavicular joints in patients with a massive 
rotator cuff tear (Postacchini et al. 1993). The fl uid 
passes from the glenohumeral joint through the rota-
tor cuff tear and the subacromial bursa, through the 
acromioclavicular joint into a cyst-like recess above 
the acromioclavicular joint. This fi nding is called 
the Geyser phenomenon, a sign without clinical sig-
nifi cance (Schweitzer et al. 1994). It only indicates 

Fig. 9.15a–c. Full-thickness infraspinatus tendon tear, cyst in the infraspinatus muscle; oblique coronal T2-weighted fat-sup-
pressed image (a), oblique sagittal T2-weighted image (b, c). In addition to a full-thickness infraspinatus tendon tear a small cyst 
is seen inside the infraspinatus muscle and at the posterior aspect of the supraspinatus muscle (arrows). Instability is present 
in the acromioclavicular joint indicated by fl uid in the joint space 

a b c

Fig. 9.16a–c. Massive rotator cuff tear, oblique coronal (a), and oblique sagittal (b, c) T2-weighted images. The complete supra-
spinatus and parts of the infraspinatus tendon are ruptured. Severe atrophy of the supraspinatus and infraspinatus muscle is 
seen on the sagittal image through the supraspinatus fossa (c) 

a b c
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a chronic, long-standing, generally extensive tear of 
the rotator cuff. Generally, these tears should not be 
operated on because they are associated with a poor 
prognosis due to the severe retraction and atrophy of 
the supraspinatus muscle.

9.4.7                                                                                           
Rotator Cuff Muscles

Severe muscle atrophy is common in patients with 
large rotator cuff tears (Seeger et al. 1988; Iannotti 
et al. 1991; Zlatkin et al. 1989). The postoperative 
function of the shoulder with a torn rotator cuff 

is dependent on the degree of residual function of 
atrophic cuff muscles (Nakagaki et al. 1995). The 
degree of supraspinatus muscle atrophy and fatty 
degeneration serves as an indirect sign for rotator 
cuff pathology (Thomazeau et al. 1996). Tendinosis 
and partial thickness rotator cuff tendon tears can 
cause pain during elevation of the arm but the trans-
mission of force is preserved and signifi cant muscle 
atrophy cannot occur. In cases of small full-thickness 
tears, the torn fi bers are still in contact with intact 
fi bers, preventing retraction of the torn fi bers. With 
increasing size of the defect the possibility for retrac-
tion of the tendon increases, contractile activity 
decreases, and muscle contractions become useless, 

Fig. 9.17a–c. Massive tear of the rotator cuff. Cranial dislocation of the humeral head with remodeling of the glenohumeral joint 
is seen on oblique coronal T1-weighted image (a). All tendons of the rotator cuff are torn, and bone contact exists between the 
humeral head and the acromion (b). Severe atrophy of all muscles of the rotator cuff had occurred including atrophy of the 
deltoid muscle (a–c) 

Fig. 9.18a–c. Massive tear of the rotator cuff with acromioclavicular cyst. Oblique coronal T1-weighted image (a) and STIR 
image (b), oblique sagittal T2-weighted image (c). Cranial dislocation of the humeral head. The acromioclavicular joint is 
disrupted with fl uid extending from the glenohumeral joint through the acromioclavicular joint into a cyst cranial to the 
acromioclavicular joint 

cba

cba
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fi nally ending with atrophy of the muscle (Bjorken-
heim 1989). A direct correlation between the size of 
the tendon rupture and the extent of the atrophy 
of the rotator cuff muscles as measured on oblique 
coronal or parasagittal MR images has been proven 
 (Nakagaki et al. 1994; Zanetti et al. 1998a).

Atrophy is characterized by a loss of muscle 
volume and fatty degeneration. The degree of atro-
phy is signifi cantly correlated to the degree of fatty 
degeneration (Fuchs et al. 1999). Fatty degenera-
tion of the supraspinatus muscle is correlated and 
associated with the size of the cuff defect and the 
degree of retraction of the tendon fi bers (Nak-
agaki et al. 1996). Bands of bright signal within 
the muscle belly on T1-weighted and T2-weighted 
images are indicative of muscular fi ber fatty degen-
eration (Nakagaki et al. 1995; Bjorkenheim 1989). 
Nakagaki and coworkers (1994, 1995) assessed the 
muscle volume of the supraspinatus on oblique cor-
onal images and calculated a supraspinatus muscle 
belly ratio from the greatest width of the muscle 
belly to the distance from the greater tuberosity to 
the proximal end of the supraspinatus muscle. Fatty 
infi ltration is analyzed on T1-weighted images. 
Linear bright bands and variation in signal inten-
sity are indicative of fatty replacement and are clas-
sifi ed into three grades: Grade 1, no linear bands, 
homogenous muscle belly; Grade 2, presence of one 
or two narrow bands, or one or two variegated areas 
in muscle, excluding linear bands; Grade 3, presence 
of three or more narrow linear bands, or one or two 
thick linear bands, three or more variegated areas 
in muscle excluding linear bands (Nakagaki et al. 
1995).

The volume of the rotator cuff muscles is diffi cult 
to assess on oblique coronal images. Exact measure-
ment of the muscle volume is possible on oblique 
sagittal MR images obtained parallel to the plane of 
the glenoid fossa medially from the coracoid process 
through the supraspinatus fossa, called the Y-shaped 
view (Fig. 9.19) (Thomazeau et al. 1996). Thom-
azeau et al. (1996) correlated the area covered by the 
muscle to the area of the supraspinatus fossa and cal-
culated this ratio. An easier and more practical way 
is suggested by Zanetti et al. (1998a), who intro-
duced the ‘tangent sign’. For supraspinatus muscle 
volume quantifi cation a midsagittal image through 
the supraspinatus fossa is selected in which bony 
boarders are present anteriorly and posteriorly, and 
a tangent line drawn from the superior aspect of the 
scapula to the superior aspect of the scapular spine. A 
normal supraspinatus muscle always extends above 
this tangent line. If surgery is to be successful, the 

muscle belly must reach the tangent line or should 
stay only a few millimeters beneath it. If fat surrounds 
the supraspinatus muscle and the muscle is several 
millimeters below that line, atrophy is advanced and 
restitution of the rotator cuff with reinsertion of the 
supraspinatus tendon is not promising (Fig. 9.20). 
For measuring the infraspinatus muscle, a tangent 
line is drawn from the posterior aspect of the spina 
scapulae to the inferior boarder of the scapula. The 
normal infraspinatus muscle overrides this line by 
several millimeters.

9.4.8                                                                                           
Rotator Interval Tears

The triangular region between the superior border of 
the subscapularis tendon and the anterior border of 
the supraspinatus tendon with its base at the coracoid 
process and its apex at the intertubercular sulcus is 
called the rotator cuff interval (Chung et al. 2000; 
Nobuhara and Ikeda 1987). Through the rotator 
interval the long head of the biceps tendon passes 
from the bicipital groove into and through the shoul-
der joint to its anchor at the superior glenoid. The 
rotator interval is composed of parts of the supra-
spinatus, subscapularis, coracohumeral ligament, 
superior glenohumeral ligament, and glenohumeral 
joint capsule. A medial part is composed of an infe-
rior and an superior element and distinguished from 
a more lateral part. The superior layers of the lateral 

Fig. 9.19. Sagittal T2-weighted image. Normal muscles of the 
rotator cuff 
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part form a fi brous plate (Jost et al. 2000). The lat-
eral part is strengthened by the semicircular humeral 
ligament and the anterior fi bers of the supraspinatus 
tendon (Kolts et al. 2002). The superior elements of 
the medial part are the coracohumeral and coraco-
glenoid ligament, the inferior element is reinforced 
by the superior and medial glenohumeral ligaments. 
The rotator interval is a complex network of ligamen-
tous structures (Kolts et al. 2002).

The rotator cuff interval capsule is best evaluated 
after MR arthrography in the sagittal plane. The 
width of the rotator cuff interval capsule is 1.8 mm 
(rage 1.7–2.0 mm) on MR images (Chung et al. 2000). 
Tears of the rotator interval can increase the distance 
of the subscapularis and supraspinatus tendon and 
muscle on oblique sagittal images. Lesions of the 
rotator interval can be missed during conventional 
MRI unless fl uid is present in the subacromial–sub-
deltoid bursa (Fig. 9.21). Interval lesions are fre-
quently associated with tears of the subscapularis 
tendon, and dislocations or subluxations of the 
biceps tendon out from the bicipital groove can 
occur. In 47% of subscapularis tears the superior 
glenohumeral ligament (SGHL)/coracohumeral liga-

ment (CHL) complex is also involved. A total of 10% 
of supraspinatus tears involve also the lateral cora-
cohumeral ligament (Bennett 2001). Tears of the 
rotator interval are often associated with subcora-
coid effusions (Grainger et al. 2000). Because of a 
complete absence of rotator interval tissue in several 
fetal specimens, rotator interval defects may also be 
congenital (Cole et al. 2001).

9.4.9                                                                                           
Incomplete and Complete Subscapularis Tears 
and Biceps Tendon Lesions

Three types of subscapularis tendon lesions are 
described: (1) the isolated subscapularis tendon tear, 
(2) the involvement of the subscapularis in large 
rotator cuff tears, (3) and the anterosuperior lesions 
of the rotator cuff (Pfi rrmann et al. 1999). Patients 
present with a characteristic clinical syndrome with a 
pathological ‘lift-off test’ and increased passive exter-
nal rotation. In cases of a torn subscapularis tendon, 
full internal rotation cannot be maintained in hyper-
extension, documented by the patient’s inability to 

Fig. 9.20a–d. Massive tear of 
the rotator cuff with long-
standing complete tear of 
the supra- and infraspinatus 
tendon (a, b). Severe atrophy 
of these muscles had occurred. 
In the fossa of the supra- and 
infraspinatus muscle large 
amounts of fat are seen, only 
few residual muscle fi bers are 
detectable (c, d). Infraspinatus 
muscle atrophy is also well 
appreciated on an axial image 
with the muscle almost miss-
ing posterior to the glenoid 
and the scapula (c) 

a b
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Fig. 9.21a–d. Rotator interval 
lesion. Oblique coronal T1-
weighted (a) and STIR image 
(b), proton density-weighted 
fat-suppressed axial (c), and 
T2-weighted oblique sagittal 
image (d). In the area of the 
rotator interval, the rotator 
cuff tendons are thickened 
and show increased signal 
intensity (a). There is marked 
distension of the subdeltoid 
bursa by effusion. This fl uid 
outlines the bursa-sided defect 
in the rotator interval (b). The 
fraying of the fi brous capsule 
of the rotator cuff interval is 
well appreciated on the axial 
image (c) 

a b

c d

lift the hand off the back (Gerber and Krushell 
1991; Gerber et al. 1996).

Only 2% of rotator cuff tears predominantely 
or exclusively involve the subscapularis tendon 
(Fig. 9.22) (Li et al. 1999). Isolated rupture of the 
tendon of the subscapularis muscle is rare and is 
usually posttraumatic. In 45 evaluated subscapularis 
tears, 35 (78%) extended from the supraspinatus and 
25 (56%) also involved the infraspinatus (Fig. 9.23). 
Two (4%) also extended into the teres minor. Only 
9 (20%) isolated subscapularis tears were observed 
(Li et al. 1999). The anterosuperior rotator cuff tear, a 
combination of a subscapularis tear and a supraspi-
natus tear, with or without an infraspinatus tendon 
tear, represents a separate classifi cation of rotator cuff 
injuries. Because the majority of cases are related to 
trauma, delay in diagnosis carries a poor prognosis, 
operative treatment is more extensive and outcome 
after surgical repair is inferior to posterosuperior 
rotator cuff tears (Warner et al. 2001).

If an isolated subscapularis tear is present, com-
munication to the subacromial subdeltoid bursa can 
be misinterpreted as a supraspinatus tear on an AP 
arthrogram. CT arthrography will show commu-
nication with air reaching from the glenohumeral 
joint to the bicipital groove. A medial dislocation of 

the biceps tendon is indicative of a complete rupture 
of the subscapularis tendon (Fig. 9.24). Along with 
the coracohumeral and transverse humeral liga-
ments, which are parts of the rotator cuff interval, 
the subscapularis tendon is a major stabilizer of the 
long biceps tendon. Degeneration or disruption of 
the subscapularis tendon has been reported to be a 
common predisposing factor to medial dislocation 
of the biceps tendon (Chan et al. 1991; Cervilla 
et al. 1991; Petersson 1986; Patten 1994). In an 
autopsy study from Petersson (1986), medial 
displacement of the biceps tendon was found in 
fi ve of 77 subjects, always in connection with a 
full-thickness supraspinatus tear. The tendon slips 
medially to the lesser tuberosity under the subscap-
ularis tendon, which is partially internally ruptured 
(Petersson 1986).

On MRI, in the presence of a tear of the sub-
scapularis tendon, the contours of the tendon are 
poorly defi ned and of abnormally high signal on 
T2-weighted images. Discontinuity and frank retrac-
tion is seen in 78% of patients. Subscapularis tears 
are well detected in the sagittal oblique plane with 
the deltoid muscle seen in direct apposition to the 
anterior humerus and the lesser tuberosity (Li et al. 
1999).



Impingement and Rotator Cuff Disease 143

MR arthrography criteria for the evaluation of 
subscapularis lesions include leakage of intraarticu-
lar contrast medium under the insertion of the sub-
scapularis tendon onto the lesser tuberosity on axial 
and parasagittal images (Gerber and Krushell 
1991; Walch et al. 1994), presence of fatty infi ltration 
(Farley et al. 1992; Goutallier et al. 1994; Zanetti 
et al. 1998b), and abnormalities in the course of the 
long biceps tendon, either subluxation or dislocation 
(Chan et al. 1991; Cervilla et al. 1991; Zanetti et 
al. 1998b). Axial MR images are sensitive in detecting 
subscapularis tendon abnormalities. The specifi c-

ity of fi ndings on axial images can be improved by 
including ancillary signs and fi ndings from parasag-
ittal images (Pfi rrmann et al. 1999).

Abnormalities of the biceps tendon are com-
monly recognized in subscapularis tendon lesions 
(Patten 1994). Subcoracoid effusion, either in the 
bursa or the subscapularis recess, is often associated 
with anterior rotator cuff tears, including tears of 
the rotator interval (Grainger et al. 2000). Long-
standing tears of the subscapularis tendon result in 
fatty degeneration and substantial loss of volume 
of the subscapularis muscle (Gerber et al. 1996). 

Fig. 9.22a–c. Magnetic resonance arthrogram of complete avulsion and rupture of the subscapularis tendon without luxation 
of the biceps tendon. Axial T1-weighted (a) and DESS image (b), sagittal FLASH fat-saturated image (c). The fl uid freely passes 
from the anterior part of the glenohumeral joint across the lesser tuberosity (a, b). On T1-weighted axial image fatty infi ltrates 
and atrophy is visible in the subscapularis muscle anterior to the scapula (a). On the oblique sagittal image fl uid is seen anterior 
to the lesser tuberosity and without joint distension the deltoid muscle comes in contact with the anterior humerus (c). The 
supraspinatus, infraspinatus, and teres minor tendons including the intraarticular biceps tendon are normal 

a b c

Fig. 9.23a–c. Massive tear of the rotator cuff with long-standing complete tear of the supraspinatus and subscapularis tendon 
(a). Severe atrophy of these muscles had occurred (b, c). In the supraspinatus fossa the muscle is surrounded by fat and does 
not reach a tangent line to the superior bony boarders of the fossa (arrows) (c). Subscapularis muscle atrophy is depicted on 
axial and sagittal image with the muscle almost missing anterior to the glenoid and the scapula (arrows) (c) 

ba c
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Incomplete tears of the subscapularis tendon occur 
in conjunction with small or medium-size tears 
of the supraspinatus tendon. This combination is 
common in older patients, and most subscapularis 
lesions are incomplete tears on the articular side 
(Sakurai et al. 1998).

9.4.10                                                                                        
Adhesive Capsulitis

The clinical presentation of adhesive capsulitis with 
pain and severely decreased joint motion (“frozen 
shoulder”) is nonspecifi c and often mimics several 
other shoulder disorders (Neviaser and Neviaser 
1987). Adhesive capsulitis is caused by thickening and 
contraction of the joint capsule, the coracoacromial 
ligament, and the rotator cuff interval due to infl am-
mation of the joint capsule and synovium (Neviaser 
1945; Ozaki et al. 1989). The characteristic MRI fi nd-
ing of adhesive capsulitis is thickening of the capsule 
and synovium of more than 4 mm. Mean thickness 
of the capsule in patients with adhesive capsulitis is 
5.2 mm, in asymptomatic volunteers 2.9 mm (Emig 
et al. 1995). In contradiction to arthrography, the 
volume of articular fl uid seen on MR images is not 

signifi cantly diminished in patients with adhesive 
capsulitis (Emig et al. 1995).

9.4.11                                                                                        
Coracoid Impingement

Coracoid impingement, also called subcoracoid, antero-
medial subcoracoid, or coracohumeral impingement, 
is an uncommon, but well-described, cause of ante-
rior shoulder pain (Patte 1990a; Dines et al. 1990). 
Impingement of the subscapularis muscle and tendon 
occurs between the lateral aspect of the tip of the cora-
coid process and the lesser tuberosity (Fig. 9.25). On 
CT scans, Gerber and coworkers (1985) determined 
the normal distance of the coracoid tip to the humeral 
head to be 8.6 mm. This distance decreases to 6.7 mm 
in patients with coracoid impingement. There is a 
dull pain in front of the shoulder, frequently extend-
ing to the front of the upper arm or to the forearm 
(Gerber et al. 1985). Pain is exacerbated by the cora-
coid impingement test with forward elevation, internal 
rotation, and cross-arm adduction (Dines et al. 1990; 
Paulson et al. 2001). Injection of anesthetics between 
the coracoid process and the humeral head can help 
in making the diagnosis.

Fig. 9.24a–d. Complete rupture 
of the subscapularis tendon 
with medial luxation of the 
biceps tendon. Oblique coronal 
STIR images (a, d), oblique 
sagittal T2-weighted image (b), 
axial proton density-weighted 
fat-suppressed image (c). Bright 
fl uid signal from the cortical 
bone of the humeral head to the 
acromion indicates a full-thick-
ness tendon rupture (a). At the 
anterior aspect of the humerus 
no tendon tissue is visible 
between the deltoid muscle and 
the lesser tuberosity (b). On the 
axial image the empty bicipital 
sulcus and the medial dislocated 
long head of the biceps tendon 
(arrow), as well as the stump 
of the subscapularis tendon, is 
visible (c). The strait downward 
orientated biceps tendon on 
oblique images is characteris-
tic for biceps tendon luxation 
(arrow) (d) 
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9.5                                                                                  
Acromion: Anatomic Variations and Asso-
ciated Changes in Rotator Cuff Disease

Although acute exacerbations with pain, restricted 
motion, and impaired function of the shoulder play 
a major role in the clinical appearance, impingement 
syndrome is a chronic process with repetitive stress 
to the supraspinatus tendon being impinged between 

the anterior inferior border of the acromion and the 
upward moving humeral head with the eccentric 
greater tuberosity rotating inwards into the sub-
acromial space.

These repetitive microtraumas to the anterior 
inferior border of the acromion induces the forma-
tion of bone at the under surface of the anterior acro-
mion. These degenerative changes are limited to the 
anterior third of the acromion (Edelson and Taitz 
1992). Involvement of the middle and posterior areas 
is limited to severe massive and chronic tears of all 
parts of the rotator cuff with formation and remod-
eling of a nearthrosis between the humeral head and 
the undersurface of the acromion.

Two types of degenerative changes of the acro-
mion are described: a traction spur at the anterior 
edge of the acromion and a “facet-type” degeneration 
with a development of a eburnated pseudoarticular 
surface for the humeral head (Edelson and Taitz 
1992). In the fi rst instance, the bone apposition is pre-
dominately orientated anteriorly described as enthe-
sophyte on the basis of chronic pathologic traction 
on the coracoacromial ligament, giving the appear-
ance of an anterior subacromial spur or hook. The 
bone appositions can also develop as a plate of bone 
with an appearance similar to a horseshoe in the true 
AP radiograph and on oblique coronal MR images, 
giving the appearance of a pseudoarticular surface 
(Fig. 9.26). The slowly evolving bone appositions at 
the under surface of the acromion gradually decrease 
the subacromial space, subsequently increasing the 
impingement on the supraspinatus tendon.

Fig. 9.25. Coracoid impingement. The subscapularis tendon 
becomes impinged between the coracoid process and the 
medial humeral head. Bone marrow edema is present medial 
to the lesser tuberosity 

Fig. 9.26a, b. Subacro-
mial bone prolifera-
tion and spur forma-
tion (arrows). Bursal 
effusion and a small 
partial, bursa-sided 
tear of the supra-
spinatus tendon is 
visible on the proton 
density-weighted 
fat-suppressed oblique 
coronal and axial 
image (a, b) 

a b
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9.5.1                                                                                           
Acromial Shape

Bigliani and coworkers’ (1986) classifi cation system 
has become the accepted method for the evalua-
tion of acromial morphology based on outlet view 
radiographs in patients with rotator cuff disease. He 
described three different acromial shapes in corre-
lation to full-thickness rotator cuff tears (Fig. 9.27) 
(Bigliani et al. 1986). An acromion Type I has a fl at 
undersurface and no relationship to impingement. 
Type II acromion is characterized by a curved under-
surface and type III acromion has an anterior hook 
(hooked acromion). A fourth type of acromion shape 
was added that has a convex undersurface (Farley 
et al. 1994). Bigliani et al. (1986) found a type III 
acromion in 70% of cadavers with rotator cuff tears, 
whereas only 3% of type I acromion were associated 
with a tear. In the entire sample of 140 cadavers a type 
I (fl at) acromion was present in 17%, type II (curved) 
in 43%, and type III (hooked) in 39% (Bigliani et 
al. 1986, 1991). Bursal-side partial tears or full-thick-
ness tears of the rotator cuff are always associated 
with severe degenerative changes in the acromion, 
but degenerative changes in the undersurface of the 
acromion can be present when the rotator cuff is 
normal (Panni et al. 1996).

Acromial morphology on outlet view radiographs 
is in general independent of age and seems to be a 
primary anatomic characteristic (Nicholson et al. 
1996; Getz et al. 1996), but the shape of the acro-
mion can be modifi ed by secondary bone apposi-
tion predominantly at the anterior inferior aspect of 
the acromion. This spur formation is an age-related 
change and is one of the most important factors in 
progression of impingement syndrome to rotator 
cuff rupture. Enthesophytes are most common in 
type III acromions. Therefore, the hooked acromion 
can be congenital or acquired (Bigliani et al. 1986). 
Acromial morphology in general is symmetrical. A 
type III acromion is more frequently found in men 
than in women (Getz et al. 1996).

The determination of the real frequency of the dif-
ferent types of acromions is diffi cult. Edelson (1995) 
examined 750 scapular dry bone specimens and 80 

cadavers and did not fi nd a hooking of the acromion 
under the age of 30 years. The hooked confi guration 
developed at later ages in an increasing proportion 
of subjects as a result of calcifi cation of the acromial 
attachment of the coracoacromial ligament (Edel-
son 1995). To increase the reliability of the classifi ca-
tion of the acromial shape, a method to calculate the 
anterior slope was described (Bigliani et al. 1986). 
A line through the mid-substance of the acromion 
is drawn from the posterior aspect of the acromion 
anteriorly. A second line is then drawn through the 
point of defl ection in the acromion. The angle created 
at the intersection of the two lines is considered to be 
the angle of defl ection of the anterior acromion. In 
general, 0°–15° is consistent with Type I, 16°-30° with 
type II, and >30° with type III.

With age, a consistent and gradual transition from 
a fl at to a more hooked acromion is seen (MacGil-
livray et al. 1998). Using MRI, Schippinger et al. 
(1997) did not fi nd a single hooked acromion in a 
young and symptomless population (mean 32 years) 
and concluded that the hooked acromion is acquired 
by chronic upward migration of the humeral head. 
Also using MRI, Epstein and coworkers (1993) 
confi rmed a signifi cant correlation between type 
III (hooked) acromion and the presence of rotator 
cuff tears (62% vs 13%, p<.0001). He reported that 
there exists a tendency for the increased prevalence 
of type III acromion in patients with impingement 
syndrome (30%,  p= .17).

In most shoulders of patients with impingement 
syndrome, a curved acromion was recorded, with 
a high concomitance of acromial spurs (Panni et 
al. 1996; Maier et al. 2001). Unfortunately the reli-
ability of the radiographic evaluation for acromial 
morphology is low. By using outlet view radiographs, 
values for interobserver reliability and intraobserver 
repeatability are weak and more defi nite criteria are 
needed to distinguish and classify the acromion 
(Bright et al. 1997).

Similar to outlet view radiographs, the acromial 
shape can be determined on oblique sagittal MR 
images. The assessment of the acromial shape on 
oblique sagittal MR images is frequently confus-
ing and dependent on the location of the evaluated 

Fig. 9.27. Bigliani classifi cation of acro-
mial types: I, fl at; II, curved; III, hooked. 
(From Getz et al. 1996) 
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image. Only a few millimeters difference in slice 
position can alter the shape and undersurface of the 
acromion from fl at to curved or even hooked. The 
evaluated slice has not only to lie lateral to the acro-
mioclavicular joint but must cover the peripheral 
third of that part of the acromion (Peh et al. 1995). 
Although sagittal oblique MR images are signifi -
cantly more likely than conventional radiographs to 
be considered diagnostic, interobserver agreement 
for MR examinations is poor (Haygood et al. 1994).

9.5.2                                                                                           
Acromial Slope

The lateral acromial angulation in the coronal plane 
can be classifi ed as type A (neutral, 0°–10°) or type 
B (downward sloping, >10°) (Fig. 9.28) (MacGilli-
vray et al. 1998). To defi ne lateral acromial angula-
tion, a line is drawn through the mid-substance of the 
acromioclavicular joint, and a second line is drawn 
through the mid-substance of the acromion (Aoki 
et al. 1986).

A different way of determination of lateral acro-
mion down slope is to calculate the lateral acromion 
angle (LAA) as described by Banas et al. (1995). The 
lateral acromion angle is formed by intersection of a 
line parallel to the undersurface of the acromion and 
a second line parallel to the most lateral extension 
of the superior and inferior bony glenoid (Fig. 9.29). 
The average LAA was 78°, with a range of 64°–99°. 
A signifi cant correlation exists between increased 
downward sloping of the acromion on coronal MR 
scans (decreased acromion angle) and rotator cuff 
tears (Banas et al. 1995). A total of 85% of patients 
with a downward sloping of the acromion had stage 
II or III impingement in a study by MacGillivray 
et al. (1998) (Fig. 9.30). Banas et al. (1995) also found 
increasing age to be correlated with rotator cuff 
pathology, whereas MacGillivaray et al. (1998) 
found a tendency towards increased incidence of 
lateral downsloping with age.

Fig. 9.28a, b. Calculation of the lateral acromion angulation 
according to MacGillivray et al. (1998) 

Fig. 9.29. Calculation of the lateral down slope of the acromion 
(lateral acromion angle) according to Banas et al. (1995). The 
lateral acromion angle is formed by the intersection of a line 
parallel to the acromion undersurface and a line parallel to 
the farthest lateral extension of the superior and inferior 
bony glenoid 

Fig. 9.30a,b. Lateral down sloping of the acromion in a patient 
with impingement syndrome. Oblique coronal T1-weighted 
(a) and proton density weighted fat suppressed images (b). 
Fluid is present in the subacromial–subdeltoid bursa and in an 
acromioclavicular joint with degenerative changes (arrows). 
A prominent coracoacromial ligament is visible at the under-
surface of the acromion, probably also playing a part in the 
impingement process in this patient 
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9.5.3                                                                                           
Os Acromiale

The acromion arises from two or sometimes three 
distinct and separate centers of ossifi cation called the 
pre-acromion, meso-acromion, and meta-acromion 
(Liberson 1937; Mudge et al. 1984; Edelson et al. 
1993). These centers of ossifi cation are usually united 
by 22–25 years of age. When these centers fail to unite, 
the ununited portion is called an os acromiale. The 
incidence of os acromiale is 8.2% in specimens and 
2.7% when evaluating axial radiographs (Liberson 
1937; Edelson et al. 1993). In most cases, the free 
fragment is approximately one third of the overall 

length of the acromion, and includes the acromiocla-
vicular facet and the principal areas of attachment of 
the coracoacromial ligament (Liberson 1937).

There are reports of an association of os acromiale 
and impingement syndrome and rotator cuff tears 
(Mudge et al. 1984; Edelson et al. 1993; Park et al. 
1994). In ten patients with os acromiale who under-
went MRI, all ten had rotator cuff disease, four with 
tendinosis and six with tendon tears (Figs. 9.31, 9.32). 
Frequently osteophytic lipping at the margins of the 
acromial gap in os acromiale is present, indicating 
instability (Mudge et al. 1984; Edelson et al. 1993; 
Park et al. 1994). An os acromiale can present with a 
“double joint appearance” representing the junction 

Fig. 9.31a–d. Os acromiale in a patient with impingement syndrome. Axial T1-weighted (a) and proton density-weighted fat-
suppressed image (b), oblique coronal STIR image (c), and oblique sagittal T2-weighted image (d). Fluid signal in the fi brous 
gap between the acromion and the anterolateral located os acromiale and bone marrow edema in the acromioclavicular joint 
indicates mechanical alteration (arrow) (a, b). Fluid collection in the subacromial–subdeltoid bursa and the hooked acromion 
are signs of impingement syndrome (c, d) 
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of the os acromiale with the acromion posteriorly, and 
with the clavicle anteriorly on oblique sagittal images 
(Park et al. 1994; Uri et al. 1997). This appearance is 
only present in 18% of cases (Uri et al. 1997).

The “pseudo acromioclavicular joint” is often noted 
to lie in a more posterior location than expected for 
the true AC joint on oblique sagittal images, using the 
vertical line sign (Uri et al. 1997). Identifi cation of an 
os acromiale is frequently diffi cult on oblique coronal 
images. Correct identifi cation of an os acromiale is 
more reliably achieved by identifying the coracoac-
romial ligament that has no clavicular insertion. In 
questionable cases, a ligament seen to insert on the 
anterior osseous structure identifi es an unfused os 
and not the distal clavicle (Uri et al. 1997).

9.5.4                                                                                           
Coracoacromial Ligament

The coracoacromial ligament consists of a trian-
gular fi brous sheet, 3–5 cm in length, fl attened 
from above downward, and is seen on MR images 
as a low signal intensity structure originating at 
the undersurface of the acromion (Fig. 9.33). Its 
apex is attached to the apex of the acromion and 
extends to the inferior aspect of the acromion with 
different modes of attachment: attachment to the 
apex with an irregular appearance of the inferior 
aspect of the arch (8.7%), attachment to the apex of 
the acromion with a regular inferior aspect (49%), 
attachment to the acromion and the inferior aspect 

Fig. 9.32a, b. Os acro-
miale in a patient with 
massive tear of the 
rotator cuff. Axial (a) 
and oblique coronal 
(b) T1-weighted image 

Fig. 9.33a–c. Prominent coracoacromial ligament. The ligament is seen on T1-weighted images as low intensity structure passing 
from the anterior undersurface of the acromion anteriorly with contact to the rotator cuff (arrow) (a, b). Corresponding proton 
density-weighted fat-suppressed image (c) 

a b

a b c



150 A. Stäbler

in 21.5%, and attachment only to the inferior aspect 
of the acromion (22.2%) (Fig. 9.34) (Gagey et al. 
1993; Gallino et al. 1995). Its base is attached to 
the entire lateral boarder of the coracoid process. 
The thickness is not uniform and varies from 
2 to 5.6 mm: its medial and lateral portions are 
condensed into thick bands; its middle portion is 
membranous and the lateral band is thicker than 
the medial band.

In patients with impingement syndrome the cor-
acoacromial ligament shows degenerative changes 
with fi brillation of the collagen fi bers, microtears, 
and fatty infi ltration in the substance of the liga-
ment (Uhthoff et al. 1998). Lesions in the ligament 
such as fi brin extravasation, degenerative changes 
in the matrix, and proliferation of metabolic organ-
elles in some cells probably refl ect a process of 
irritation caused by a sustained strain. This strain 
is most likely produced by the subacromial space. 
Thus the coracoacromial ligament does not appear 
to be primarily responsible for initiation of the 
impingement process (Sarkar et al. 1990).

A low signal intensity structure can be seen pro-
jecting inferolaterally from the undersurface of the 
acromion on coronal MR images in asymptomatic 
volunteers with normal shoulders; this structure 
can simulate a subacromial “pseudo”-spur. Unless 
proven on sagittal images and on radiographs, this 
structure is related to the coracoacromial ligament 
and to the normal inferior tendon slip of the deltoid 
muscle attachment to the acromion (Kaplan et al. 
1992).

9.5.5                                                                                           
Acromioclavicular Joint

During elevation of the arm the eccentric greater tuber-
osity has to move under the acromion. The humeral 
head has not only to rotate but also to glide in the 
caudal direction along the glenoid fossa to give space 
for the inward moving greater tuberosity. Increased 
tension in those muscles centering the humeral head 
underneath the coracoacromial arch, or weakness of 
the muscles resisting this upwardly directed force result 
in impingement of the supraspinatus tendon.

This mechanism creates a lateral load upon the 
acromion and the acromioclavicular joint. Stress to 
the acromioclavicular joint results in bone marrow 
edema of the peripheral end of the clavicle and the 
adjacent acromion, and fl uid collections in the acro-
mioclavicular joint can be seen. This activation of 
the acromioclavicular joint in patients with impinge-
ment syndrome is frequently not clinically relevant 
and the patients do not complain (Fig. 9.35) (Fio-
rella et al. 2000). Bone marrow edema at the acro-
mioclavicular joint is signifi cantly associated with 
impingement syndrome and can lead to a diagnosis 
of impingement syndrome (Fig. 9.36). It is not well 
recognized that both bone marrow edema around 
the acromioclavicular joint and acromioclavicular 
joint effusions are not symptomatic by themselves. 
As bone marrow edema and effusions do not occur 
in asymptomatic volunteers, they can indicate the 
presence of impingement syndrome and rotator cuff 
tears (Schweitzer et al. 1994).

Fig. 9.34a, b. Thickened coracoacromial ligament (arrows) with attachment to the inferior aspect of the acromion. Oblique 
sagittal (a) and oblique coronal (b) proton density-weighted fat-suppressed image 
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Degeneration of the acromioclavicular joint is 
in most cases not a primary, extrinsic factor for 
impingement syndrome, but a secondary change as a 
result of long-standing impingement syndrome. On 
MR images of a painful shoulder, osteophytes and 
capsular hypertrophy at the inferior boarder of the 
acromioclavicular joint are frequently seen. Those 
changes appear to impinge from directions on the 
cranial supraspinatus muscle and tendon and are 
responsible for the symptoms of impingement syn-
drome (Fig. 9.37). This is true in only a few patients. 
In most cases the cause of the impingement is located 
at a more anterior and lateral location near the edge 

of the acromion. Although frequently stressed in 
textbooks, the degenerated acromioclavicular joint 
is more likely to be a result of impingement and not 
the cause.

9.5.6                                                                                           
Greater Tuberosity

Degenerative changes in the greater tuberosity on 
radiographs, such as cortical fl attening, sclerosis, 
eburnation, irregularity, bone proliferation, and 
cyst formation have been linked to impingement 

Fig. 9.35. Synovitis and 
fi brovascular tissue in the 
subacromial–subdeltoid 
bursa and the acromiocla-
vicular joint. T1-weighted 
fat-suppressed coronal (a) 
and axial (b) images after 
gadolinium application. 
Mechanical stress in sub-
acromial impingement is 
translated to the acromio-
clavicular joint 

Fig. 9.36a–c. Acromioclavicular joint degeneration in a patient suffering from impingement syndrome. Oblique coronal T1-
weighted (a) and STIR image (b), axial T1-wieghted image (c). Erosions and irregularities in the acromioclavicular joint in 
combination with bone marrow edema adjacent to the joint space are present. Fluid in the subacromial–subdeltoid bursa and 
subacromial bone appositions are also identifi ed
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syndrome and rotator cuff tears (Harrison 1949; 
Cotton and Rideout 1964; Cone et al. 1984; Hardy 
et al. 1986; Bernageau 1990). These studies were 
uncontrolled and were biased toward more severe 
disease. Huang et al. (1999) correlated radiographic 
fi ndings of cortical thickening, subcortical sclerosis, 
and cyst-like lesions with MR evidence of rotator cuff 
tears and tendinopathy. Interobserver agreement for 
the three radiographic fi ndings was poor to fair. 
Cortical thickening of the greater tuberosity and 
subcortical sclerosis are not associated with rotator 
cuff disease. For some observers, identifying cyst-like 
lesions is associated with rotator cuff disease, but the 
clinical usefulness of this observation is limited by 
a high interobserver variability and poor positive 
predictive value (Fig. 9.38).

Bone marrow edema in the greater tuberosity 
can be occasionally seen in patients with chronic or 

acute shoulder problems undergoing MRI. It is seen 
in 1.3% of these patients (McCauley et al. 2000). A 
total of 82% of these patients also had partial or full 
thickness rotator cuff tears indicating a relationship 
between rotator cuff disease and bone marrow edema 
of the greater tuberosity (Fig. 9.39). It was argued that 
trauma with avulsion forces at the greater tuberosity 
may be responsible for these bone marrow edema 
areas (Mason et al. 1999; Zanetti et al. 1999). Since 
the mean anteroposterior measurement of the edema 
was 2.1 cm (1.5–3.2 cm) and in the transverse dimen-
sion 2.2 cm (1.0–3.6 cm), it is more likely that chronic 
compression rather avulsion caused the edema.

Sano et al. (1998) looked for cystic changes of the 
humeral head on MR images. They observed cystic 
changes in 35% of their patients in the bare bone 
area of the anatomical neck and at the attachment of 
the supraspinatus tendon. Cystic changes in the bare 

Fig. 9.37a, b. Acro-
mioclavicular joint 
degeneration. The 
caudal orientated 
spurs are in contact 
with the rotator cuff 
(arrows) (a, b) 

Fig. 9.38a–c. Patient with impingement syndrome. A cyst had developed in the greater tuberosity origination from the fi bro-
osseous junction of the supraspinatus tendon (arrow). There is also bursal effusion and a thickened coracoacromial ligament 
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bone area were observed equally often in shoulders 
with or without rotator cuff tears (27% and 18%, 
respectively) and were more frequently observed 
in the elderly. Cystic changes at the attachment of 
the supraspinatus and subscapularis tendons were 
specifi c to rotator cuff tears: they were observed in 
28% of rotator cuff tears, but in none of those with an 
intact cuff. They concluded that there are two distinct 
types of cystic changes: one at the attachment of the 
supraspinatus and subscapularis tendons, which is 
closely related to tears of these tendons, and the other 
in the bare bone area of the anatomical neck, which 
is related to aging.

9.6                                                                                  
Impingement Syndrome and 
Calcifying Tendinitis

The coincidence of the presence of calcifi ed deposits 
within the rotator cuff tendons and chronic or acute 
shoulder pain and dysfunction are designated as 
calcifying tendinitis (Uhthoff and Sarkar 1978). 
The clinical relevance of these calcifi ed deposits to 
shoulder pain and dysfunction is still under discus-
sion. Calcifi ed deposits within the rotator cuff ten-
dons have been regarded as one possible trigger of 
shoulder pain and dysfunction, but they may also be 
incidental radiographic fi ndings in healthy, asymp-
tomatic volunteers (Bosworth 1941). Approximately 
30% of patients continue to have pain and shoulder 
dysfunction after curettage of the calcifi ed material 
(McKendry et al. 1982). At least in these patients, the 

calcifi ed deposits cannot be the only explanation for 
shoulder pain and dysfunction.

The calcifi cations are mainly located in the supra-
spinatus tendon and only rarely in the infraspinatus 
or subscapularis tendons (Bosworth 1941). Single 
deposits are most common (68%), of which the high-
est proportion are in the supraspinatus (49%), 13% 
in the infraspinatus, 5% in the teres minor tendon, 
and 1% in the subscapularis tendon. Of the multiple 
deposits (32%) 17% involve the supraspinatus and 
infraspinatus, 7% the infraspinatus and teres minor, 
4% supraspinatus, and subscapularis, 3% supraspi-
natus, infraspinatus and teres minor, and 1% all four 
tendons (Fig. 9.40) (Lippmann 1961).

Calcifi ed deposits within the rotator cuff ten-
dons are best detected using GRE sequences that 
are sensitive to susceptibility effects induced by 
such calcifi ed deposits (i.e., fi eld inhomogenities) 
(Loredo et al. 1995). Deposits not detected on MRI 
images are mainly classifi ed as type II according to 
DePalma and Kruper (1961). When evaluating MRI 
morphologic criteria no statistically signifi cant dif-
ferences exist between type I and type II calcifi ed 
deposits within the rotator cuff tendons according to 
DePalma and Kruper (1961).

High rates of acromial spurs, cysts within the 
greater tuberosity, and increased signal intensity of 
the subdeltoid–subacromial bursa, are acknowledged 
signs of chronic impingement syndrome and are 
found in patients with calcifi ed tendinitis. It has been 
shown that in calcifi c tendinitis neither infl amma-
tory infi ltrates nor degenerative scarring is present. 
The affected tendon is transformed into fi brocarti-
lage and concomitant proliferation of vascular chan-

Fig. 9.39a, b. Full-thickness rotator cuff tear with bone marrow edema in the greater tuberosity. At the undersurface of the 
acromion, marked bone appositions had developed, causing a lateral down sloping of the acromion (arrow) 
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nels are found (Uhthoff et al. 1976). MRI shows 
no substantial differences between patients with or 
without calcifi ed deposits within the rotator cuff 
tendons, but does show distinct differences between 
such patients and healthy, asymptomatic volunteers 
(Maier et al. 2001).

When evaluating the supraspinatus tendon in 
patients with calcifi ed deposits, only a small number 
of patients was found to have normal-graded 
supraspinatus tendons (Carrino et al. 1997). Most 
patients demonstrated an increased signal intensity 
of the supraspinatus tendon, which had to be classi-
fi ed as tendinosis according to Carrino et al. (1997). 
Calcifi ed deposits within the rotator cuff tendons are 
most probably an epiphenomenon of complex mor-
phological alterations within the shoulder of patients 
with shoulder pain and dysfunction.

Although Loew et al. (1996) did not fi nd a clear 
correlation between calcifying tendinitis and sub-
acromial impingement, MRI disclosed distinct 
morphological alterations in shoulders affected by 
calcifi ed deposits, which may also be found in the 
shoulders of patients with similar shoulder pain and 
dysfunction but no signs of calcifi ed deposits within 
the rotator cuff tendons (Maier et al. 2001; Loew et 
al. 1996). For patients with shoulder pain, shoulder 
dysfunction, and calcifi ed deposits within the rotator 
cuff tendons, these calcifi ed deposits are most prob-
ably not the main cause for the clinical symptoms 
(Maier et al. 2001).
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