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    Abstract  
  The shoulder girdle is frequently involved in acute trauma and overuse in sports. 
Imaging has an important role in diagnosis and follow-up of articular and extra- 
articular shoulder lesions. The volume of this chapter is too short to provide in- depth 
discussion; it has the intention to give a basic and concise overview of the techniques, 
indications, and diagnosis with focus on staging and novel developments. 

 Radiographic evaluation remains the cornerstone of primary imaging of the 
shoulder. Conventional magnetic resonance imaging (C-MRI), MR arthrography 
(MRA), and ultrasound (US) are increasingly being used to assess presence rota-
tor cuff tears and their extent, and to assist in planning surgical treatment. MRA 
(direct and indirect) is the most accurate and sensitive available imaging method 
for the detection of labral tears (glenoid labrum, Bankart and SLAP lesions). 
Indirect MRA (I-MRA) is more and more regarded as a standard practice in 
patients with shoulder instability due to suspected labral pathology where further 
investigative imaging is indicated. CT arthrography (CTA) may be used as an 
alternative for direct MRA in cases of contraindication for MRI.  

   Abbreviations 

  ABER    Abduction and external rotation   
  AC    Acromioclavicular (joint)   
  ADIR    Adduction and internal rotation   
  AIGHL    (Floating) Avulsion of the humeral and glenoid attachment of the 

IGHL   
  AIOS    Acquired instability overuse surgical repair   
  ALPSA    Anterior labroligamentous periosteal sleeve avulsion   
  ALIPSA    Anterior ligamentous periosteal sleeve avulsion   
  AMBRII    Atraumatic, multidirectional, bilateral, responds to rehabilitation, 

inferior capsular shift, interval closure   
  AS    Anterosuperior   
  ASI    Anterosuperior impingement   
  BHAGL    Bony HAGL   
  BLC    Biceps-labral complex   
  BPHAGL    Bony posterior HAGL   
  BT    Biceps tendon   
  CC    Coracoclavicular ligament   
  CHL    Coracohumeral ligament   
  C-MRI    Conventional MRI (without arthrography)   
  CTA    CT arthrography   
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  D-GEMRIC    Delayed gadolinium-enhanced magnetic resonance of cartilage   
  D-MRA    Direct MR arthrography   
  DCO    Distal clavicular osteolysis   
  FADIR    Flexion adduction and internal rotation   
  FOV    Field of view   
  FS    Fat saturated   
  FTT    Full-thickness tear   
  GARD    Glenoid articular rim divot   
  GAGL    Glenoid avulsion posterior band of the IGHL   
  Gd    Gadolinium   
  GE    Gradient echo (MRI sequence)   
  GH    Glenohumeral   
  GLAD    Glenolabral articular disruption   
  GLOM    Glenoid labrum ovoid mass   
  GRID    Glenoid internal rotation defi cit   
  GT    Greater tuberosity   
  HADD    Hydroxy apatite deposition disease   
  HAGL    Humeral avulsion of the inferior glenohumeral ligament   
  IA    Intraarticular   
  IV    Intravenous   
  IGHM    Inferior glenohumeral ligament   
  I-MRA    Indirect MR arthrography   
  ISP    Infraspinatus   
  LHB (T)    Long head of the biceps (tendon)   
  LT    Lesser tuberosity   
  MGHL    Middle glenohumeral ligament   
  MR (I)    Magnetic resonance (imaging)   
  MRA    MR arthrography   
  MVA    Motor vehicle accident   
  NPV    Negative predictive value   
  OA    Osteoarthritis   
  OCD    Osteochondral disease   
  PASTA    Periarticular articular sided SSP tendon avulsion   
  PD    Proton density   
  PGLAD    Posterior GLAD   
  PHAGL    Posterior HAGL   
  PNT    Percutaneous needle tenotomy   
  POLPSA    Posterior labroligamentous periosteal sleeve avulsion   
  PPV    Positive predictive value   
  PRP    Platelet-rich plasma   
  PTT    Partial-thickness tear   
  RC    Rotator cuff   
  RI    Rotator interval   
  SGHL    Superior glenohumeral ligament   
  SA-SD    Subacromio-subdeltoid bursa   
  SE    Spin echo   
  SI    Signal intensity   
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  SLAC    Superior labrum anterior cuff   
  SLAP    Superior labrum anterior to posterior (tear)   
  SNR    Signal to noise ratio   
  SSC    Subscapularis   
  SSP    Supraspinatus   
  STIR    Short tau inversion recovery   
  T    Tesla   
  TE    Echo time   
  TL    Transverse ligament   
  TR    Repetition time   
  TSE    Turbo spin echo (FSE, fast spin echo)   
  TUBS    Traumatic unidirectional instability after Bankart surgery   

17.1           Imaging of the Shoulder Girdle 

 The shoulder girdle is frequently involved in acute trauma and overuse in sports. 
Imaging has an important role in diagnosis and follow-up of articular and extra- 
articular shoulder lesions. The volume of this chapter is too short to provide in- 
depth discussion; it has the intention to give a basic and concise overview of the 
techniques, indications, and diagnosis with focus on novel fi ndings. 

 Radiographic evaluation remains the cornerstone of primary imaging of the 
shoulder girdle in case of acute trauma (glenohumeral and AC dislocation, frac-
tures, strain) and chronic overuse with impingement. 

 Conventional magnetic resonance imaging (C-MRI), MR arthrography (MRA), 
and ultrasound (US) are increasingly being used to assess the presence and size of 
rotator cuff tears to assist in planning surgical treatment (Lenza et al.  2013 ). 
C-MRI, MRA, and US have good diagnostic accuracy, and any of these tests could 
equally be used for detection of full-thickness tears in people with shoulder pain 
for whom surgery is being considered. MRA (direct and indirect) is the most accu-
rate and sensitive available imaging method for the detection of labral tears (gle-
noid labrum, Bankart and SLAP lesions). Indirect MRA (I-MRA) is more and 
more regarded as a standard practice in patients with shoulder instability due to 
suspected labral pathology where further investigative imaging is indicated (Fallahi 
et al.  2013 ). CT arthrography (CTA) may be used as an alternative for direct MRA 
(D-MRA) in cases of contraindication for MRI. 

17.1.1     Radiography and CT 

 Radiographic examination remains the mainstay and primary imaging examina-
tion of the shoulder girdle in case of trauma, glenohumeral and acromioclavicu-
lar joint complaints, subacromial impingement, and mass lesions. Radiographic 
examination of the shoulder includes multiple views to investigate the 
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glenohumeral and acromioclavicular (AC) joint, manubrioclavicular joint, scap-
ula, clavicula, and humerus (Table  17.1 ) (White et al.  2008 ). Radiographs are 
tailored on the clinical fi ndings and questions. Specifi c trauma series of the gle-
nohumeral joint, AC joint, clavicula, and scapula are performed to document 
dislocations and fractures (Table  17.1 ) (Smekal et al.  2008 ; Schnabel et al.  2004 ; 
Philipp et al.  2004 ). Also specifi c series with images in prone and standing posi-
tions are made in case of glenohumeral joint disease (degenerative or infl amma-
tory) and subacromial impingement complaints (Fig.  17.1a–c ) (Table  17.1 ). 
Subacromial impingement series include axial images of the scapula (scapular Y 
view) to describe acromion types according to Bigliani and Gagey (Natsis et al. 
 2007 ). Generally radiographic examination is reduced to 2 or 3 views; specifi c 
views are avoided and substituted by non-enhanced reduced radiation dose vol-
ume CT with two-dimensional and three- dimensional multiplanar reconstruc-
tions (Kuhlman et al.  1988 ). Radiographs are indicated for postoperative 
evaluation and follow-up of osteosynthesis and prosthesis.

        Table 17.1    Radiographic examination of the shoulder girdle, series tailored on clinical fi nding   

 Clinical question  Radiograph 1  Radiograph 2  Radiograph 3  Alternative 
 AC dislocation  AC joint at rest  AC joint 

standing with 
weight 10 kg 
in the hand 

 Scapular Y view  Alternative US 
without and with 
cross arm test 

 Clavicula fracture  Clavicula PA  Clavicula AP 
caudocranial 
tilted 15° 

 Clavicula AP 
craniocaudoal 
tilted 15° 

 CT better 
evaluation of 
sternoclavicular 
joint 

 Sternoclavicular 
joint 

 Glenohumeral joint 
dislocation, (osteo)
arthritis, proximal 
humerus (stress) 
fracture 

 Glenohumeral 
joint standing ¾ 
rotated to the 
joint 

 Scapula 
standing axial 
view (scapular 
Y view) 
 90 % rotated 
in comparison 
with 
radiograph 1 

 Glenoid: post 
reduction: axial 
view prone for 
detection of 
bony Bankart 

 CT: better detection 
of bony Bankart 

 Scapula  Scapula AP  Scapula 
standing axial 
view with 
elevation of 
humerus 

 CT: no 
superposition of 
ribcage 

 Subacromial 
impingement 

 Glenohumeral 
joint standing ¾ 
rotated to the 
joint 

 Axial view of 
the scapula 
(scapular Y 
view) 

 Glenohumeral 
joint, AP view 
prone: 
evaluation of 
subacromial 
space 

 MRA-MRI: bone 
and tendon 
evaluation 

 90 % rotated 
in comparison 
with 
radiograph 1 

 Sternum  Lateral view  CT 

17 Shoulder Imaging



304

17.1.2         Ultrasound 

 Ultrasound is a cost-effective and accurate examination for the evaluation of the 
RC, SA-SD bursa, the AC joint, extra-articular and rotator interval (RI) part of the 
CL biceps, and other shoulder girdle muscles except for the SSC. Rutten compared 

a

b

c

  Fig. 17.1    ( a – c ) Radiograph of the glenohumeral joint, subacromial impingement series, includ-
ing AP view ( a ) in prone position for evaluation of the subacromial space and AC joint, standing 
¾ view of the glenohumeral joint ( b ) and standing scapular Y view for evaluation of subacromial 
spur ( arrow ) and acromion shape type 2 ( curved ) according to Bigliani       
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the performance of US, 1.5 T C-MRI, and 1.5 T D-MRA (Rutten et al.  2010 ). He 
concluded that following US of the shoulder performed by a dedicated radiologist, 
MRI offers little additional value, with regard to the detection of rotator cuff tears. 
Personal expertise plays a crucial role in choosing which imaging technique will be 
used (Rutten et al.  2010 ) (Table  17.1 ). As a result of the low therapeutic conse-
quence of non-detection of low-grade partial-thickness RC tears, US is regarded as 
the primary investigation tool. Advantage of US over MRI is the dynamic evalua-
tion of impingement during elevation or endorotation. The long head tendon of the 
biceps (LHB) in its extra-articular course and the peripheral part of the biceps pul-
ley and interval area is accurately demonstrated. Acromioclavicular joint capsule 
integrity and dislocation is evaluated in rest and dynamically during cross arm test 
or by compression of the lateral half of the clavicula. The glenohumeral joint is not 
documented on US examinations except for the joint cavity on posterior cranial 
approach.  

17.1.3     MRI Examination Procedure 

 MRI is the only technique that covers all anatomic areas, including bony and soft 
tissue structures of the shoulder girdle. 

 MRA is the best technique to study the glenohumeral joint. In direct MRA 
(D-MRA) the shoulder joint can be approached from anterior and posterior. The 
posterior approach has the advantage that contrast extravasation in the anterior 
structures and erroneous interpretation are avoided. A small amount of iodinated 
contrast radioscopically to prove intraarticular needle position is followed by 10 ml 
Gd 1/200 solution; ready-to-use diluted Gd-DOTA solutions are commercially 
available (Artirem ® ). 

 I-MRA is an MR technique improving articular and periarticular contrast com-
pared to D-MRI. It is achieved by injection of paramagnetic MR contrast media 
intravenously (IV). After the IV injection, exercising the joint for an average of 
15 min. results in considerable signal intensity increase within the joint cavity and 
in pathologic tissue. The method is less invasive than D-MRA. 

 FS MR sequences yield arthrographic images (Figs.  17.2a–c, e  and  17.3a–d ). 
Three to the glenoid orthogonal imaging planes are used in neutral arm position 
(Fig.  17.3a–d  and Table  17.2 ). ABER position (abduction and external rotation) is 
described by Tirman to improve detection of lesions of the anterior-inferior labral 
pathology, articular sided tears of the infraspinatus, and posterior impingement 
lesions (Fig.  17.11 ) (Tirman et al.  1994a ,  b ; Cvitanic et al.  1997 ). Other positions 
may be used as there are ADIR (adduction and internal rotation) or FADIR (fl exion 
adduction and internal rotation). FADIR positioning appears to be a useful adjunct 
in evaluating patients with equivocal or subtle posteroinferior labral abnormalities 
on conventional MRA sequences (Chiavaras et al.  2010 ).  

   It is expected that with use of 3 T MRI or higher magnetic fi elds the increased 
contrast and spatial resolution on T2 or intermediate TE WI FS will lead to better 
evaluation even without gadolinium administration (Fig.  17.21a, b ).  
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  Fig. 17.2    ( a – f ) Three imaging planes orthogonal to the glenoid articular surface. ( a ) Mid-glenoid 
coronal image with demonstration of axial imaging plane and imaging volume perpendicular to the 
glenoid articular surface. ( b ) Axial imaging plane at the  dotted line  in ( a ). ( c ) Mid-glenoid axial 
image with demonstration of sagittal imaging plane and imaging volume parallel with the glenoid 
articular surface.  Arrow : middle glenohumeral ligament.  Short arrow : superior glenohumeral liga-
ment.  Arrowhead : anterior labrum. ( d ) Sagittal imaging plane at the  dotted line  in ( c ). ( e ) Mid- 
glenoid axial image with demonstration of coronal imaging plane and imaging volume parallel 
with the glenoid articular surface. ( f ) Coronal imaging plane at the  dotted line  in ( c )       
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17.1.4     CT Arthrography 

 CTA generally is substituted by MRA (D-MRA or I-MRA). For cartilage lesions and 
intraarticular lesions of the biceps, an improved detection of lesions is reported. 
Omoumi et al. compared CTA and D-MRA with arthroscopy prospectively for hyaline 
cartilage lesions (Fig.  17.4a, b ). They found only moderate diagnostic performance for 
both techniques, although better for CTA (sens 46.4–82.4 %; spec 89.0–95.9 %) com-
pared to D-MRA (sens 31.9–66.2 %; spec 91.1–97.5 %) (Omoumi et al.  2014 ).    

17.2     Normal Anatomy and Variants 

 Normal anatomical variants have to be recognized and discriminated from relevant 
pathology. Variant anatomy may have a role in symptomatic shoulder complaints 
(Zhang et al.  2014 ). 

dba

c

  Fig. 17.3    ( a – d ) Comparison of 1.5 T I-MRA and 1.5 T D-MRA on T1-WI with FS in a normal 
shoulder joint. ( a – c ) I-MRA in coronal ( a, b ) and axial ( c ): gadolinium enhancement at the AC 
joint, glenohumeral joint with tendon sheath of CL, and SA-SD bursa. ( d ) D-MRA in coronal imag-
ing plane: gadolinium enhancement at the glenohumeral joint only, axillary joint capsule insertion 
on humerus ( b short arrow ), axillary pouch of joint recess fi lled with gadolinium ( b long arrow )       

  Table 17.2    Imaging 
sequences MRA of the 
shoulder  

 1. T1 FS para-axial slice thickness 3 mm 
 2. T1 FS paracoronal slice thickness 3 mm 
 3. T1 FS parasagittal slice thickness 3 mm 
 4. PD and T2 FS paracoronal slice thickness 3 mm 
 5. T1 parasagittal thickness slice 4 mm 
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17.2.1     Cartilage and Glenoid Variants 

 Humeral head cartilage is thicker centrally; a bare area, not covered with carti-
lage, is located posterior cranial at the humeral head at the junction of joint cap-
sule and articular cartilage (Fig.  17.5a ). This bare area should be discriminated 

a b

  Fig. 17.4    ( a ,  b ) Glenoid version. Glenoid version is calculated on axial reconstructed multiplanar 
images perpendicular to the glenoid articular surface in the coronal and axial imaging plane; this 
is the true glenoid axial plane ( a ). The image inferior to the base of the coracoid process is selected 
( b ). Tangent line to the lateral margin of the labrum is drawn, and the axis of the scapula is defi ned 
and drawn ( b ). A line perpendicular to the glenoid tangent is drawn ( b   dotted line ). In retroversion 
negative version angles are calculated. In calculation of glenoid version. Anterior glenoid capsule 
insertion ( b arrow )       

a b

  Fig. 17.5    ( a ,  b ) A 3 T I-MRA of left shoulder in patient with complaints of subcoracoidal 
impingement. ( a ) Axial T1-WI FS. ( b ) Sagittal T2-WI. Major expansion of the synovial space 
related to increased amount of synovial fl uid demonstrated on ( a ). Bare area posterior ( a   double 
headed arrow ) medial to capsular insertion not covered with hyaline cartilage. Complete SSC 
tendon tear ( a ,  b   arrow ) with retraction medial tot the coracobrachial tendon ( a   short arrow )       
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from Hill- Sachs impact. Hill-Sachs lesion starts more superiorly above the level 
of the coracoid process on axial images. An additional bare area has been 
described between the supraspinatus insertion on the greater tuberosity and the 
adjacent articular cartilage. Failure to recognize and account for these bare areas 
at imaging may lead to erroneous diagnosis or overestimation of SSP partial-
thickness tears (PTT).  

 The glenoid articular surface is located in 7° retroversion if calculated in the 
true glenoid axial plane (Rouleau et al.  2010 ). Glenoid retroversion should be 
calculated orthogonal to the glenoid articular surface; this is called the true gle-
noid axial plane. This true glenoid axial plane includes reconstructed multiplanar 
images with inclination in the axial and coronal imaging plane (Fig.  17.4a ). If a 
strict axial imaging plane is chosen, retroversion is overestimated. Optimally the 
lateral labral margin has to be included in the glenoid tangent (this implies MRI 
or CTA) (Fig.  17.4a, b ). Decreased retroversion leads to increased risk of anterior 
dislocation. The most frequent cause of reduced retroversion is Bankart lesion 
with or without bony fragment. 

 The cartilage of the glenoid is thinner centrally. The tubercle of Assaki is a cen-
tral thickening of subchondral bone at the level of this cartilage thinning (De Wilde 
et al.  2004 ). Infrequently a bare spot of focal well-demarcated articular cartilage 
defect at the central aspect of the glenoid is present (Fig.  17.6a, b ); this condition is 
less frequent in children.  

 The glenoid can be shallow or hypoplastic predisposing to instability.  

ba

  Fig. 17.6    ( a ,  b ) Normal variant, bare area humeral head, 3 T I-MRA, TSE T1-WI with FS. ( a ) 
Axial and ( b ) coronal mid-glenoidal imaging planes with centrally located defect at the hyaline 
cartilage (margins of the defect are marked with  long arrows ), labrum ( short arrow a ), labrocarti-
laginous junction ( arrowhead b )       
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17.2.2     Labral Variants 

 The glenoid labrum is a ring of fi brocartilaginous tissue that surrounds the glenoid 
rim (Fig.  17.2d ). The labrum increases the depth of the glenoid cavity, functions 
as a pressure seal (negative pressure) during motion, and provides stability and 
shock absorption to the shoulder joint. Transverse sections of the labrum reveal 
commonly a triangular shape (anterior 64 %; posterior 47 %) (Figs.  17.2b  and 
 17.6a  short arrows); it may be rounded (anterior 17 %; posterior 33 %) (Fig.  17.2b  
arrowhead) or rarely fl at, cleaved, notched, or even absent (Figs.  17.7  and  17.8  
arrows). The size has a broad variation from 2 to 14 mm leaving size criteria of 
little diagnostic use. Also the SI of the labrum is variable (Loredo et al.  1995 ). 
Initially the labrum was considered to be of low SI on all MR pulse sequences. 

  Fig. 17.7    Anterior labral variants: sublabral foramen documented on 3 T I-MRA. I-MRA with 
series of axial images superior to the glenoid up to the middle third of the glenoid. Sublabral fora-
men ( arrow ) is detected at the anterior half of the glenoid       

Cranial Caudal

CTA

  Fig. 17.8    Anterior labral variants: sublabral foramen documented on CTA. CTA with axial 
images, sublabral foramen ( arrow )       
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More recent studies have identifi ed areas of increased linear or globular signal 
intensity in nearly a third of arthroscopically normal labrum tissue (Table  17.3 ). 
Posterosuperior labrum increased signal is possibly related to magic angle phe-
nomenon (B0 of 55° on 1.5 T).

     The superior portion of the labrum can be mobile and lax, a variant that is recog-
nizable with arthroscopy. 

 The superior and anterosuperior regions of the labrum have the poorest blood 
supply, which slows the healing process of SLAP tears in this location. 

 The labrocartilaginous transition may present as an abrupt transition with the 
labrum demonstrating a free edge margin (type A attachment) (Fig.  17.2b , arrow) or 
the transition zone may blend with the hyaline cartilage (type B attachment) 
(Fig.  17.6a  arrowhead) (Dunham et al.  2012 ). 

17.2.2.1     Superior Labrum Variants 
 Fifty percent of the biceps tendon fi bers arise from the superior glenoid labrum and 
the remainder from the supraglenoid tubercle. Three distinct types of biceps-labral 
complex (BLC) are recognized (Table  17.4 ) (Figs.  17.6b  arrow and  17.2a  arrow). 
A bicipital labral sulcus is a cleft between the labrum and the biceps.

17.2.2.2        Anterosuperior Labrum Variants 
 Sublabral recess, sublabral foramen, and Buford complex are frequent variants of 
the anterior labrum (Kreitner et al.  1998 ).

•     Sublabral recess  (type II and III BLC) represents the most frequent normal ana-
tomic variant of the anterior superior labrum. A recess deeper than 2 mm is present 
in 39 % of specimens. It follows the contour of glenoid cartilage and is smooth, 
with 1–2 mm width, and has no extension to superior labrum. A perilabral cyst is 

  Table 17.3    Variability of SI 
of the glenoid labrum  

 Diffuse low 
 Central round high SI 
 Diffuse high SI 
 Transverse linear high SI 
 Longitudinal linear high SI 
 Triangular high SI 

   Table 17.4    Bicipitolabral complex (BLC)   

 Type I BLC Labrum is fi rmly attached to the glenoid rim. No intervening cartilage or central 
free edge (Fig.  17.6b  arrowhead) 
 Type II BLC attachment of BLC to the glenoid occurs more medially. Continuation of the 
hyaline cartilage under the labrum. Accompanied by a small synovial-lined sulcus between the 
labral free edge and the cartilage (Fig.  17.2a  arrow) 
 Type III BLC prominent triangular meniscoid labrum. Deep recess that may be continuous with 
a sublabral foramen (Fig.  17.8 ) 
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not present. The recess can extend posterior from the biceps tendon. Three classic 
key features differentiate recess from a SLAP tear (Table  17.5 ).

•      A  sublabral foramen  is detected in 10–15 % of arthroscopies and located 
between 1 and 3 o’clock. An associated osseous indentation is possible 
(Figs.  17.7  and  17.8 ). It should not extend below the level of the mid-glenoid 
notch. It can be attached to the anterior-inferior labrum through a “labral slip”: 
a communication between the glenohumeral joint and the subscapularis recess 
is found. Seventy- fi ve percent are associated with cordlike MGHL (Buford), 
and a sublabral foramen may coexist with a sublabral recess. A foramen is dif-
ferentiated from a labral tear or loosening based on the smooth margins of the 
foramen, the lack of associated traumatic injuries in the adjacent capsuloliga-
mentous structures, and absence of signifi cant displacement (<1–2 mm) of the 
detached labrum. Joint fl uid that accesses to the subscapularis recess through 
the sublabral foramen should not be misinterpreted as a type II SLAP tear with 
associated paralabral cyst.  

•   In  Buford complex , which is found in 6 % of shoulder arthroscopies, the antero-
superior labrum is absent with thickening of middle glenohumeral ligament 
(MGHL) (Figs.  17.9a, b  and  17.10a, b ). If the cordlike structure is followed on 
consecutive axial images, the superior origin and distal capsular merge is dem-
onstrated. An increased association of Buford complex and sublabral foramen 

   Table 17.5    Three classic key features to differentiate a sublabral recess from a SLAP tear   

 Location: sulcus typically extends only to the most posterior insertion point of the biceps 
tendon attachment to the labrum and glenoid 
 Contour: smooth margins: more likely sulcus. Irregularity in the contour: suspicious for SLAP tear 
 Orientation: extension laterally more likely tear 

a b

  Fig. 17.9    ( a ,  b ) Anterior labral variants: Buford complex demonstrated on 3 T I-MRA. I-MRA 
with axial T1 FS images in middle third ( a ) and at the cranial third of the glenoid ( b ) demonstrating 
absent anterior labrum A and thick middle glenohumeral ligament (Buford complex) ( arrow   a ,  b )       
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with SLAP lesions is reported in literature. The presence of anterosuperior 
labral variant anatomy may result in higher stress on the superior BLC, predis-
posing to injury.        

17.2.3     Glenohumeral Ligaments and Variants 

•     The  SGHL  is nearly invariably present, in 97 % at arthroscopy. Variants include 
a common origin with the MGHL and/or direct origin from the biceps tendon. A 
rare variant is a SGHL origin from the posterior labrum with a course overriding 
the biceps tendon origin without attaching to the anterior labrum or MGHL. Nor-
mally the SGHL is rather thin but may be thickened in patients with an underde-
veloped or absent MGHL. Distally the SGHL merges with the coracohumeral 
ligament (CHL) to form the CL biceps pulley (Fig.  17.2d  small arrow). Distally 
the CL biceps pulley fuses with the anterior part of the SS and inserts on the 
greater and minor humeral tubercle and thus acts as a stabilizer of the CL biceps 
at the entrance of the intertubercular sulcus.  

•   The  MGHL  has a variable origin, merges with the anterior capsule along SSC, 
and inserts on the lesser tubercle (Fig.  17.2d  long arrow and c short arrows). The 
structure is well demonstrated if followed on continuous axial slices. It is redun-
dant in internal rotation and stretched in external rotation and limits anterior 
translation in 60–90° shoulder abduction. The MGHL has a variable origin, 
either on labrum (Fig.  17.2c  medial short arrow) or medial to the labrum 
(Fig.  17.4b  arrow); it may have a common origin with the SGHL and biceps 

Normal

a b

  Fig. 17.10    ( a ,  b ) Anterior labral variants: Buford complex demonstrated on CTA. Axial mid- 
glenoidal image of left normal shoulder ( a ) demonstrating normal anterior labrum ( a   arrow ) and 
axial mid-glenoidal image of right shoulder ( b ) demonstrating thick middle glenohumeral liga-
ment ( b   arrow ) an ( d ) absent labrum in Buford complex       
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tendon or have a conjoined origin with the biceps tendon alone or on the 
IGHL. The MGHL is absent in 1/3th of the shoulders; this fi nding is associated 
with prominent subscapular recess. It may be cordlike in Buford complex with 
absent AS labrum (Figs.  17.9a, b  and  17.1a, b ). Longitudinal splitting or duplica-
tion of the MGHL has been reported as a normal variant or a partially healed 
longitudinal split tear of the MGHL. The foramen of Weitbrecht is located 
between the SGHL and MGHL (Fig.  17.8  black arrow). If the MGHL is absent, 
a single large communication with a redundant subscapular recess is present. A 
thickened and high riding MGHL may lead to narrow the foramen. A sublabral 
foramen may present as a pseudoparalabral cyst. The foramen of Rouvière is 
located between the MGHL and IGHL.  

•   The  IGHL  is composed of an anterior band (“U shape”), and between those  
posterior band the axillary recess. It represents a fi brous thickening of the 
shoulder capsule and is the most consistently present and the most important 
stabilizator of GH joint. The anterior band runs from the mid-glenoid notch, 
between 2 o’clock and 4 o’clock, and is thicker than the posterior band. In 
ABER position (Fig.  17.11a–c  arrows), the anterior band of the IGHL becomes 
taut and is well visualized along its entire course. A high origin anterior band 
should not be mistaken for an anterior labral tear on MRA. The posterior band 
has its origin between 7 o’clock and 9 o’clock. Two distinct patterns of 
humeral insertion are recognized: (1) collar-like attachment in which the 
entire IGHL inserts slightly inferior to the articular edge of the humeral head 
(Fig.  17.3b  arrow) and (2) a V-shaped attachment in which the anterior and 
posterior bands of the IGHL attach adjacent to the articular edge of the 
humeral head. The axillary pouch attaches at the apex of the V distal to the 
articular edge. 

•  Variant origin of the anterior band of the IGHL from the MGHL is described; 
also a high origin anterior band is described and could be mistaken for an ante-
rior labral tear on MRA. The insertion of the inferior glenohumeral ligamentous 
complex on the surgical neck of the humerus frequently results in a jagged 
appearance on axial images. The posterior band may be thicker than the anterior 
band. A band of connective tissue also called “the periarticular fi ber system” 
attaches the IGHL to the SGHL (Huber and Putz  1997 ).  

•   A  spiral GHL  arises from the axillary component of the IGHL and the infragle-
noid tubercle and courses laterally to fuse with the MGHL and may be demon-
strated on axial and oblique sagittal MRA planes (Merila et al.  2004 ).      

17.2.4     Capsular Insertions 

 Three types of anterior capsule insertion are recognized. Type I with insertion at the 
glenoid margin (Fig.  17.2c  medial arrow), type II inserts at the glenoid neck 
(Fig.  17.8  arrowhead), and type III inserts more medially along the scapula (may 
predispose to instability) (Fig.  17.4b  arrow). Do not misinterpret over-distension of 
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the joint capsule as a type III capsular insertion. The posterior capsule should always 
insert on the glenoid rim (Fig.  17.8  thick arrow)!  

17.2.5     Biceps Pulleys and Rotator Interval 

 The biceps pulleys are the coracohumeral ligament (CHL), SGHL, and transverse 
ligament (TL) (Fig.  17.12a–c ). 

 RI is the triangular space at the anteriosuperior aspect of the glenohumeral joint 
between the SSP and SSC tendons, the coracoid process as its base, the superior 

a

Lateral Medial

b

Anterior             Posterior

c

  Fig. 17.11    ( a – c ) MRI in ABER position. ( a ) Prone position with shoulder in abduction and exter-
nal rotation; imaging plane C is drawn. ( b ) Localizer image in to the glenoid coronal plane. This 
plane is used to plan the to the glenoid sagittal imaging plane C. ( b ) 1,4,7,10 slice positions in 
glenoid coronal plane       

 

17 Shoulder Imaging



316

aspect of the intertubercular groove as its apex. The CHL is sometimes described 
as a capsular fold rather than a true ligament located at the superfi cial (bursal) 
aspect of the glenohumeral joint capsule in the RI. The lateral band (largest) inserts 
on the greater tubercle and merges with the SSP; the medial band (smallest) merges 
with the SGHL and inserts on the lesser tubercle and SSC. The SGHL runs over the 
scapular neck, and glenoid parallels intraarticular the course of the LHB tendon. 
Together with CHL it forms a U-shaped anterior sling extending along the LHB 
tendon that limits medial subluxation of the intraarticular LHB tendon over the 
edge of the lesser tuberosity (Fig.  17.12a–c ) (Ho  1999 ; Weishaupt et al.  1999 ; 
Schaeffeler et al.  2012 ; Nakata et al.  2011 ; Tagliafi co et al.  2014 ; Zanetti and 
Pfi rrmann  2004 ).   

17.2.6     Long Head of the Biceps 

 The presence of one or more supernumerary heads of the LHB tendon is 
described. The prevalence of a three-headed biceps brachii is estimated to be 
10–20 %. The origin is located at the supraglenoid tubercle and superior 
labrum, the second slip adjacent to the LHB tendon origin and at the 

Humerus

LHB

Superior glenohumeral ligament

Coracohumeral ligament

ABC

RI
TL

LTGT

  Fig. 17.12    ( a – c ) Schematic drawings of transverse cuts of the biceps pulley. ( a ) Near the origin of 
the ligaments at the base of the coracoid process. ( b ) Middle third of rotator interval ( RI ). ( c ) Lateral 
at the entrance of the LHB in the intertubercular groove ( thin arrow ), the LHB is covered by the 
transverse ligament ( TL ) that is anatomically an extension of the SSC tendon. Medially ( a ) the 
SGHL and GHL are distinct structures with separate origin at the base of the coracoid process. 
Centrally ( b ) the superior glenohumeral ligament and coracohumeral ligament fuse anteromedially 
to form a pulley that most laterally ( c ) fuses anteriorly with the minor tubercle and SSC and latero-
superior to the SSC and greater tubercle of the humerus. In this area the pulley is covered by the TL       
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glenohumeral joint capsule, and the third slip at the margin of the greater or 
lesser tuberosity at the proximal aspect intertubercular groove (Vinson et al. 
 2012 ). Two separate tendons are visible in the intertubercular groove 
(Fig.  17.13a, b ). The accessory tendon is often flat in appearance (Fig.  17.13a  
arrow), the adjacent LHB tendon more rounded. It is difficult or impossible to 
distinguish between an accessory tendon and a longitudinal tear. Features that 
favor an accessory tendon are the flattened appearance and most important the 
separate site of origin for the accessory tendon.  

 A complete absence of the intraarticular portion of the tendon is very rare. 
 Variants at the anchor and proximal IA LHB variants are also known. In the 

absence of the normal glenoid origin, the tendon is adherent to or incorporated 
within the superior joint capsule. A “bifurcate” or “Y-shaped origin” of the LHB 
tendon is described with two separate origins that merge together before exiting 
the joint as a single tendon (one from glenoid, one from rotator cable or superior 
capsule) (Wittstein et al.  2012 ). Prevalence is about 2 %. 

 Aberrant intraarticular origin of the LHBT from the anterior edge of the supra-
spinatus tendon may contribute to symptomatic concomitant rotator cuff pathology; 
these patients are treated with tenodesis of the LHBT to relieve symptoms (Zhang 
et al.  2014 ). Possible lack of extension of intraarticular contrast material into the 
intertubercular groove is mostly misinterpreted as biceps tear. The clue to the diag-
nosis is the absence of such features as a tendon stump, tendon degeneration, and 
retracted distal tendon.   

a b

  Fig. 17.13    Split long head of the biceps tendon, 3 T I-MRA. Axial T1-WI FS ( a ) and coronal 
T1-WI FS ( b ) showing two LHB tendons ( arrows ) at intertubercular groove ( a ,  b ) and superior to 
the groove ( b )       
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17.3     Pathology 

17.3.1     Clavicle, AC, and Sternoclavicular Joint 

 Clavicle fracture and AC instability are frequent fi ndings in contact sports and fall 
of bikers. Acute sternoclavicular joint subluxation/dislocation is a rare fi nding. 

 Radiography is useful for the initial assessment of suspected disorders of the 
clavicle, sternoclavicular, and acromioclavicular joints. 

 Radiographically two AP views for the clavicle and AP and scapular Y views for 
the AC joint are made (Table  17.1 ). 

 US has been described as a screening tool to assess possible sternoclavicular 
joint dislocation; however, it is usually used only if CT and MRI are not readily 
available. 

 AC joint instability is graded by Tossy-Rockwood in six types (Table  17.6 ). US 
to grade AC joint instability is as reliable as radiographic measurement (Kock et al. 
 1994 ; Heers and Hedtmann  2005 , Tossy et al.  1963 ; Rockwood et al.  1996 ). 
Disrupted deltoid and trapezius insertion and common fascia were demonstrated on 
US in all patients classifi ed according to Rockwood’s classifi cation as type V, half 
of the patients classifi ed as type IV, about a quarter of patients classifi ed as type III, 
and only in a minority type II injuries (Table  17.6 ).

   Although US is increasingly used as a primary investigation tool to demonstrate 
AC dislocation in a dynamic way (during cross arm test or with compression of the 
clavicle), it has a limited role in the evaluation of the AC joint itself, where it is most 
useful to exclude the presence of joint infl ammation with increased joint fl uid and 
Doppler signal (Heers and Hedtmann  2005 ; Matter et al.  1995 ). If joint fl uid is 
detected on US, it is considered a nonspecifi c fi nding, which could represent active 
infl ammation or simply joint effusion due to degenerative osteoarthritis. 

 CT allows excellent visualization of the articular surfaces, osseous changes, sub-
tle or complex fractures, and joint malalignment, with a rapid scan time, making it 
particularly helpful in the workup of trauma patients. With its multiplanar capabili-
ties and superior soft tissue resolution, MRI is a very effective modality for charac-
terizing soft tissue injuries, inclusive of ligamentous tears and cartilaginous injuries. 
In the specifi c case of posterior sternoclavicular dislocations, both CT and MR angi-
ography can be very helpful in elucidating occult associated vascular injury (Ernberg 
and Potter  2003 ). 

 Radiographs, CT, US, and MRI may show widening of the AC joint space in 
painful traumatic and even atraumatic stress-induced distal clavicular osteolysis 
(DCO). Cutoff width of the normal AC joint is <5 mm; right and left differ by no 
more than 2–3 mm. Atraumatic DCO has been described in adult athletics. The 
combination of weightlifting and overhead activity (basketball, volleyball, tennis, 
swimming) is a risk factor for atraumatic DCO. Long-term sequelae DCO include 
widening of the AC joint and AC joint osteoarthritis. About 80 % of patients present 
with fl attening of the distal clavicle and interval widening of the AC joint to a mean 
of 5.0 mm (Cahill  1982 ; de la Puente et al.  1999 ; Kaplan and Resnick  1986 ; Murphy 
et al.  1975 ; Levine et al.  1976 ; Roedl et al.  2015 ). Posttraumatic and stress-induced 
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DCO have similar appearances on MR imaging, the most common and conspicuous 
MR imaging feature being increased T2 signal intensity in the distal clavicle (Kaplan 
and Resnick  1986 ).  

17.3.2     Glenohumeral Instability, Microinstability, 
and Internal and External Impingement 

17.3.2.1     Labral Pathology 
 Labral pathology is found in athletes with instability and in repetitive microtrauma 
and trauma and related to aging and degeneration. Degenerative labrum lesions are 
characterized by mucoïd degeneration, calcifi cations, synovialization with altera-
tions in morphology, and SI of the labrum (Loredo et al.  1995 ). The abnormal 
 morphology should be described with possible fraying, absence, detachment, 
 displacement, fragmentation, deformity, or fl ap tear.  

17.3.2.2     Shoulder Instability 
 The shoulder joint is the most unstable joint. The etiology of instability can be 
traumatic or atraumatic. Instability is classifi ed according to the severity (micro-
instability, subluxation, and dislocation) and according to the direction 
(unidirectional–multidirectional). 

 Macroinstability is most often anterior (90 %) and much less frequent posterior 
(5 %), rarely inferior (luxatio erecta) or superior. Superior dislocation resembles RC 
rupture. Associated fractures and labroligemantous lesions should be excluded. 
After traumatic shoulder dislocation (treated non-operatively), the likelihood of 
repeat dislocation depends on patient age and the date of the initial injury. Patients 
younger than 20 years have a higher risk of recurrent dislocation (>90 % when sub-
luxation events are included) than those older than 40 years (<10 %). 

 Multiple categories of microinstability are described. AMBRII (atraumatic, mul-
tidirectional, bilateral, responds to rehabilitation, inferior capsular shift, interval 
closure) is found in young females and present with capsular laxity or hypoplastic 
glenoid labrum. TUBS is traumatic unidirectional instability after Bankart surgery. 
AIOS is acquired instability related to overuse with surgical repair and often found 
in athletes doing throwing sports or swimming. 

 Shoulder dislocation is primarily investigated with radiographs and trauma series 
(Fig.  17.14a, b  and Table  17.1 ). Secondarily MRA or CTA is performed for the 
evaluation of labrum, ligaments, tendons, and cartilage.   

17.3.2.3     Anterior-Inferior Labrum Lesions 
 Anterior-inferior capsuloligamentous, labrum, and glenoid lesions are related to 
anterior shoulder dislocation and may lead to habitual dislocation and shoulder 
instability.

•     Bankart  lesion is a detachment of anteroinferior labrum and IGHL from the gle-
noid rim with rupture of the periosteum but no cartilage damage (Fig.  17.15 ).   
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•   In  bony Bankart  lesion a bone fracture fragment at the anterior-inferior part of 
the glenoid is present (Fig.  17.16 ). The size of the fracture fragment defi nes the 
grade of instability; fracture fragments involving 1/3th or more of the AP diam-
eter of the glenoid are at risk for development of habitual dislocation and need 
Bankart repair surgery, The diameter of the bone fragment is best evaluated on 
CT(CTA).   

•   Multiple acronyms are known to describe  non-bony Bankart -type lesions of the 
anterior-inferior labrum related to anterior traumatic shoulder dislocation. For 
some surgeons differentiating the lesions is important to plan therapy and to 
prepare surgical intervention.  

•   Glenoid labrum ovoid mass ( GLOM ) is defi ned as a detached labrum that fl oated 
upward in the region of the coracoid process. GLOM may simulate another 
lesion, biceps dislocation, loose body, air, cordlike MGHL, or SLAP. In the dif-
ferential diagnosis the detection of an anterior-inferior labrum lesion is 
important.  

•    Perthes  lesion is defi ned as an avulsion of the IGHL and labrum with intact peri-
osteum; the intact but stripped periosteum connects to the IGHL (Fig.  17.17a, b ). 
Perthes lesions are better visualized in ABER position.   

•   Anterior labroligamentous periosteal sleeve avulsion ( ALPSA ) is described by 
Neviaser ( 1993 ); an avulsion of the IGHL complex from glenoid with intact 

a b

  Fig. 17.14    ( a ,  b ) Acute right anterior shoulder dislocation in a 30-year-old female patient. 
Radiographic evaluation with trauma series (same patient of Fig.  17.15 ). ( a ) ¾ view axial to the 
glenoid demonstrating inferior medial dislocation of the humerus head. ( b ) Scapular Y view with 
anterior dislocation of the humerus ( white arrow ) relative to the glenoid ( black arrow )       
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Periosteum

Anterior inferior
labrum

IGHL

Glenoid Periosteum
tear

Posterior inferior
labrum 

a

b c

  Fig. 17.15    ( a – c ) Bankart lesion in a 30-year-old female patient with traumatic right shoulder 
dislocation (same patient of Fig.  17.14 ). ( a ) Schematic drawing of axial slice through the 
inferior third of the glenoid with Bankart lesion. Displacement of anterior-inferior part of 
the glenoid labrum with disruption ( thick arrow ) of the periosteum connecting the labrum with 
the glenoid. Normal IGHL connection to the labrum and periosteum. ( b ) Axial 3 T I-MRA 
T1-WI FS at the level of the tip coracoid process with Hill-Sachs depression ( arrow )  (sublabral 
foramen  thin arrow ). ( c ) Bankart lesion with gadolinium enhancement between labrum and 
hyaline ( arrow ) cartilage extending lateral to the labrum with infi ltration of extra periosteal 
area ( arrowhead )       
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Periosteum

Labrum
IGHL

Glenoid

Tear

a

b

Labrum

  Fig. 17.16    Bony Bankart lesion in a 35-year-old male patient with history of acute right shoulder 
dislocation. ( a ) schematic drawing of axial slice through the inferior third of the glenoid with bony 
Bankart lesion. Demonstration of loose bony fragment and torn and partially stripped periosteum. 
( b ) Axial CTA image at the level of the inferior third of the glenoid. Fracture line at the glenoid 
with step of at the subchondral bone ( dotted arrow ) and medial displacement of the fracture frag-
ment ( star ) including the labrum ( arrow ). Contrast enhancement of the periosteum related to dis-
ruption of the periosteum ( short arrow )       
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periosteum is found. The avulsed labrum is medially displaced and inferiorly 
rotated (Fig.  17.18a, b ). If the lesion heals in this position with synovialization, 
a mass is created and recurrent anterior instability is characteristic. In chronic 
cases the surgeon has to dissect the lesion from the scapular neck to relocate the 
labrum on the glenoid rim. ALPSA can also be found at 6 o’clock.   

Periosteum

Labrum
IGHL

Glenoid
Stripping of periosteum 

a

b

  Fig. 17.17    ( a ,  b ) Perthes lesion schematic drawing and 1 T D-MRA axial T1-WI. Displacement 
of the anterior-inferior labrum continuous with the IGHL and stripped periosteum ( double-sided 
dotted arrow ) but no disruption of the periosteum. Gadolinium enhancement between hyaline 
cartilage and labrum without disruption of the periosteum ( arrow ). Anterior extra-articular loca-
tion of gadolinium related to anterior capsule tear       
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•   In anterior ligamentous periosteal sleeve avulsion ( ALIPSA ), the IGHL is par-
tially disrupted from the labrum without labrum displacement (Fig.  17.19 ).   

•   Glenolabral articular disruption ( GLAD ) is a non-displaced superfi cial tear of the ante-
rior-inferior labram with fi brillation (fl ap) or erosion (defect) of the adjacent articular 
cartilage (Fig.  17.20a–c  thin arrows). Usually no associated dislocation nor anterior 
instability is present (anterior fi bers of IGHL not disrupted, labrum not displaced). This 
type can progress to rapid degenerative joint disease and intraarticular bodies. Treatment 
is debridement of the labrum and cartilage lesion without stabilization procedure.   

Periosteum

Labrum

IGHL

Glenoid

a

b

  Fig. 17.18    ( a ,  b ) ALPSA lesion schematic drawing and 1 T D-MRA axial T1-WI. Avulsion of 
the inferior glenohumeral ligament complex from the glenoid with intact periosteum and medially 
displaced and inferiorly rotated labrum ( b   arrow )       

 

17 Shoulder Imaging



326

•   In humeral avulsion of the IGHL ( HAGL ) the normal U shape (Fig.  17.3b  thin 
arrow) of the anterior band of the IGHL becomes J-shaped (Fig.  17.21a, b ). 
A not-recognized HAGL is a cause of a failed Bankart repair.   

•   In 20 % of cases bony avulsion of humerus is present; these lesions are given the 
acronym  BHAGL .  

•   Glenoid articular rim disruption ( GARD ) (divot) is a chondral or osteochondral 
lesion adjacent to a labral tear (Bankart, Perthes, ALPSA, etc.) with associated 
dislocation and instability on clinical examination (Fig.  17.22a–c ). The lesion is 
treated with labroligamentous repair.   

•   Lesions may deteriorate in time. Perthes can change in Bankart or ALPSA. Labral 
lesions associated with inferior glenohumeral ligament complex lesions cause 
major instability (HAGL and BHAGL).  

•   Glenoid avulsion of the IGHL ( GAGL ) is rare; characteristic is the inverted J 
sign.  

•   In fl oating  AIGHL  and avulsion of the humeral and glenoid, attachment of the 
IGHL is present. The condition is more frequent in younger patients and coin-
cides with Hill-Sachs lesion.    

 Midportion capsular tear accounts for 35 % of capsular tears and is located more 
posterior and often found after initial dislocation without labral tear. The lesion can 
be confused with contrast extravasation.  

Periosteum

Labrum

IGHL

Glenoid

Stripping of
IGHL 

  Fig. 17.19    ALIPSA lesion schematic drawing       
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17.3.2.4     Adhesive Capsulitis 
 Adhesive capsulitis (frozen shoulder) is a clinical syndrome predominantly found in 
middle-aged females (40–60 years). The lesion is frequently underdiagnosed. 
Corticosteroid injections offer rapid pain relief in the short term (particularly in the 
fi rst 6 weeks) for adhesive capsulitis. Long-term outcomes seem to be similar to 

Periosteum

Labrum

IGHL

Glenoid

Tear

a

b c  

  Fig. 17.20    ( a – c ) GLAD schematic drawing and 3 T I-MRA of left shoulder in a 19-year-old male 
patient, for comparison 1 T D-MRA. ( b ) Axial T1-FS 3 T I-MRA and ( c ) axial T1-FS 1 T D-MRA 
image demonstrating gadolinium enhancement at the hyaline cartilage ( arrow ) continuous within 
the labrum. No dislocation of the labrum       
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other treatments, including placebo (Song et al.  2014 ). On MRI, I-MRA, and 
D-MRA the axillary pouch is small with thickening (>4 mm) of the capsule and 
IGHL and enhancement after IV Gd (Figs.  17.23  and  17.24 ). Due to capsule 
enhancement I-MRA offers increased conspicuity of thickening of the axillary cap-
sule and IGHL compared to D-MRA and MRI. Real-time and dynamic US has a 
role in diagnosis of retractile capsulitis. Reduced endo- and exorotation capacity of 
the glenohumeral joint results in constant anterior location of the LHB and the inter-
tubercular groove. Thickening and power Doppler signal of the synovium and cap-
sule may be present at the LHB tendon sheath or at the RI (Corazza et al.  2015 ). 
Therapeutic imaging (US or CTA) guided joint distention with corticosteroid may 
be performed.    

b ca

  Fig. 17.22    GARD lesion on 1 T D-MRA T1 FS. ( a)  Coronal and ( b ,  c ) axial images. Hyaline 
cartilage lesion ( arrows ) with Perthes lesion ( thin arrows ) demonstrated on axial images       

b ca

  Fig. 17.21    ( a – c ) A 3 T I-MRA of HAGL lesion in a 44-year-old male patient after trauma of the 
left shoulder. ( a ) Coronal intermediate TE WI FS, ( b ) coronal T1-WI FS, and ( c ) axial T1-WI FS 
demonstrating J aspect of axillary pouch on coronal imaging signifying loosening of the humeral 
insertion of the inferior glenohumeral ligament ( arrows ). Associated extensive labral lesion is 
depicted with GLAD morphology anteriorly and posteriorly (PGLAD) ( c   thin arrows ). 
Demonstration of interchangeable images with equal spatial resolution and contrast on intermedi-
ate FS ( a ) and T1 FS ( b )       
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Cor T1 FS Gad Cor T1 FS Gad Ax T1 FS Gad 

Sag T1 FS Gad Cor intermediate FSCor intermediate FS

  Fig. 17.23    Adhesive capsulitis, 3 T I-MRA in a 67-year-old male patient. SLAP VIII lesion. 
Demonstration of thickening of the axillary capsule-IGHL ( arrows ) and rotator interval ( thin 
arrow ). Better demonstration on T1-FS compared to intermediate FS images. SLAP VIII lesion is 
demonstrated with paralabral cyst ( thick arrows )       

a

b

c

  Fig. 17.24    Adhesive capsulitis, US in a 48-year-old female. ( a ) Axillary image with shoulder 
elevation, ( b ) axial slice at the level of the LHB tendon sheath, and ( c ) axial image at the RI with 
maximal endorotation. Thickening of the capsule and synovium ( arrows ) with anterior location of 
the LHB ( thick arrow ) on maximal endorotation position       
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17.3.2.5     Posterior Instability 
 Posterior instability accounts for 5 % of instabilities. It is characteristic non- 
traumatic event that may cause recurrent posterior instability. The instability is mul-
tidirectional and related to seizures, electric shock, or adduction, fl exion, and 
internal rotation movement. In 60 % labral lesions are present. Posterior labral tears 
greater than 15 mm are signifi cantly associated with posterior instability. Posterior 
capsular laxity is the most common abnormality (Schwartz et al.  1987 ).

•    The dislocation may result in  reversed Bankart  lesion with labral tear and peri-
osteal rupture but without cartilage lesion. Bone fracture fragment may be pres-
ent as well as a  reversed Hill - Sachs  (McLaughlin). Fluid or contrast may extend 
behind the glenoid.  

•   In  Kim  lesion deep intrasubstance incomplete detachment (marginal crack) of 
the posteroinferior labrum is associated with a defect at the chondrolabral junc-
tion. MRI depicts these lesions in a sensitive (85 %) and specifi c (75 %) way 
(Smark et al.  2014 ). This may lead to repetitive posterior instability with sub-
luxation of the humeral head and shear forces between glenoid rim and labrum 
with failure of the chondrolabral junction. Kim lesion can be concealed at 
arthroscopy and is treated by converting it to complete tear and suture with an 
anchor.  

•    Reversed or posterior Perthes  (Fig.  17.25 ) may lead to  POLPSA  or posterior 
labroligamentous periosteal sleeve avulsion (posterior ALPSA) (when medially 
displaced) and predisposes to posterior instability (Fig.  17.26 ). This lesion is 
treated by reduction of the periosteal sleeve with attachment of the labrum.    

•   In posterior glenoid labrum articular disruption ( GLAD ), a focal defect in the 
articular cartilage between 7 and 9 o’clock is present associated with labral tear 
but no instability.  

•    PHAGL  or posterior humeral avulsion of the IGHL is the posterior counterpart of 
HAGL. In  BPHAGL  associated bony avulsion is present. On MRI typically 
extra-articular contrast extravasation is detected.  

•   In  reversed GAGL  glenoid avulsion of the posterior band of the IGHL is present. 
Bennett lesion is characterized with an enthesophyte that arises from the postero-
inferior portion of the glenoid rim, probably from the insertion of the posterior 
band of the IGHL, and is sometimes associated with labral tears and undersur-
face RC tears (internal impingement). This lesion is common in baseball pitchers 
(25 %). Posterior capsular laxity is the most common abnormality seen with 
posterior instability (Fig.  17.26  thin arrow).     

17.3.2.6     Multidirectional Instability 
 Multidirectional instability is a non-traumatic form of instability in multiple direc-
tions resulting from capsuloligamentous laxity related to soft tissue connective dis-
orders (Ehler-Danlos, Marfan). It is found in young females and individuals with 
capsular laxity or hypoplastic glenoid labrum. The instability is atraumatic or 
related to a minor event associated with multidirectional laxity and with bilateral 
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fi ndings. Treatment is predominantly by rehabilitation directed at restoring optimal 
neuromuscular control. If surgery is necessary, it needs to include reconstruction of 
the rotator interval capsule-coracohumeral ligament mechanism and tightening of 
the inferior capsule (AMBRII (atraumatic, multidirectional, bilateral, responds to 
rehabilitation, inferior capsular shift, interval closure)). These patients have a lax 
capsule (diffi cult to quantify on MRI). Some have arthroscopic and MRA or CTA 
fi ndings found in other instabilities like Hill-Sachs, greater tuberosity fracture, bony 
Bankart (indication for open repair), inverted pear-shaped glenoid, reversed Bankart, 
reversed Hill- Sachs (McLaughlin), and OCD of the glenoid fossa.  

17.3.2.7     Instability Associated Bony Lesions 
 Bony lesions may be present in shoulder instability. Hill-Sachs is found in 75 % 
of patients with anterior instability. MRI is superior to arthroscopy for detecting 

  Fig. 17.25    Reversed Perthes lesion, 3 T I-MRA. Axial image demonstrating gadolinium infi ltra-
tion between posterior inferior labrum and hyaline cartilage ( arrow ). Intact periosteum. For com-
parison Perthes lesion Figs.  17.22  and  17.17        
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Hill-Sachs lesions (Fig.  17.27a, b ). Hill-Sachs is located in the top 2 cm of the 
humerus and located posterolaterally above or at the level of the coracoid pro-
cess. Posterolateral depression of the humeral head in the most cranial CT or 
MR axial slice is most specifi c. Deep Hill-Sachs defect may elicit recurrent 
dislocation. This is caused by leverage action of the humeral impression that 

  Fig. 17.26    POLPSA 1 T 
D-MRA, older patient with 
glenohumeral osteoarthritis. 
Less conspicuous enhance-
ment at the posterior 
inferior labrum ( arrow ). 
Chronic tenosynovitis LHB 
with stenosis: absence of 
contrast at tendon sheath, 
thickening of tendon sheath 
( thick arrow ). Posterior 
capsule insertion ( thin arrow )       

ba

  Fig. 17.27    ( a, b ) MRI Male patient with reduction of acute anterior shoulder dislocation, 2 weeks 
ago, Hill-Sachs defect detected on 3 T I-MRA. ( a ) Axial T1-WI FS and ( b ). sagittal T1-WI FS, 
bone marrow edema at the greater tuberosity, and humeral epiphysis surrounding depression of the 
cortical bone and subchondral lamella ( arrows ). Cranial extension of anterior Bankart lesion is 
depicted ( a   thin arrow )       
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covers the anterior glenoid in endorotation position. Exorotation movement 
then results in leverage with dislocation.  

 Reversed Hill-Sachs has to be differentiated with cystic change or vessels in the 
“bare area” of the ISP that is a normal anatomic groove posterolaterally (located at 
long axis of humerus, 2 cm distal to top of humeral head). 

 Bony Bankart and reversed bony Bankart lesion may result in instability. 
Anterior bony Bankart fragment over 1/3th of glenoid AP diameter at the level 
of the center of rotation of the glenoid is associated with habitual dislocation 
(Figs.  17.16  and  17.28b ) (Bhatia et al.  2011 ). Three-dimensional CT is most 
accurate to quantify bone defi ciency (Griffi n and Brockmeier  2015 ).   

17.3.2.8     Microinstability 
 Microinstability is minor displacement of the humeral head without dislocation. 
Potential sites of involvement of microinstability are the anterior articular surface 
of the SSP tendon, the articular surface of the posterior SSP-anterior ISP tendon, 
the CHL, the intraarticular part of the LHB and biceps pulley, the SGHL, the deep 
fi bers of the SSC tendon, the cranial part of the middle GHL, anterosuperior and 
posterosuperior part of the labrum, and the origin of LHB. Three different types are 
described: SLAC, superior labrum anterior cuff; ASI, anterosuperior impingement; 
and GIRD, glenoid internal rotation defi cit. SLAC is defi ned as anterosuperior 
subluxation related to repeated overhead activity or related to acute trauma (fall, 
MVA (strap)). Typical sites of involvement are anterior glenoid, anterior biceps, 
SGHL (MGHL), and anterior articular PTT of SSP. Treatment is focused on reduc-
tion of instability.  

Posterior       Anterior

  Fig. 17.28    Pear-shaped 
glenoid. Drawing demon-
strating calculation of 
percentage of bone loss       
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17.3.2.9     Impingement 
 Impingement is subdivided in external (primary intrinsic) and internal (secondary 
intrinsic). Two types of external impingement are recognized: subacromial and 
subcoracoidal. 

   Internal Anterosuperior Impingement 
 Internal anterosuperior impingement produces pain in  elevation  and  internal rota-
tion , with impingement of the deep surface of the subscapularis (Gerber and Sebesta 
 2000 ; Habermeyer et al.  2004a ,  b ) and a lesion at the biceps pulley resulting in 
instability of the LHB. The slight anterosuperior humeral head translation impinges 
on the glenoid with development of SSC/SSP partial articular sided tears and lesions 
in the anterosuperior portion of the glenoid labrum.  

   Internal Glenoid Posterosuperior Impingement 
 The act of overhead throwing causes pain related to impingement of the humeral 
head with the glenoid rim in  abduction  and  external rotation . The slight anterior 
translation of the humerus during this act is the result of anterior capsule failure and 
causes impaction of GT and glenoid and impingement on the posterior SSP, anterior 
ISP, and posterosuperior labrum. MRI may reveal tears of the SSP-ISP (anterior 
infraspinatus partial undersurface tears), labral pathology with fraying, and tears 
including a variation of the type II superior labrum from anterior to posterior lesion, 
humeral head GT, and glenoid cystic lesions with cortical bone irregularities com-
municating with the articular cavity (Tirman et al.  1994a ,  b ; Fessa et al.  2015 ). MRI 
in ABER position is useful (as the ABER position is in fact identical to the overhead 
abduction external rotation position that causes elongation of the anterior capsule 
IGHL and pain).  

   Glenoid Internal Rotation Deficit 
 Glenoid internal rotation defi cit (GIRD) is found in throwing athletes. A posterior 
fi brosing capsulitis with thickening of the posterior band of the IGHL and associ-
ated anterior capsule stretching results in a slightly posterosuperior shifted center of 
rotation. This turns out in increased forces on LHB and anchor and superior labrum 
and a peel back mechanism with SLAP II lesion. On MRI a posterior capsulitis with 
thickening of the posterior capsule, a large labrum, SLAP II with extention posterior 
from the biceps and signs of internal posterior impingement are found. GIRD is 
treated by stretching of the capsule (conservative) or by arthroscopic repair with 
release of the posterior capsule.  

   External Subacromial Impingement 
 In this (most frequent) type of impingement  abduction elevation  of the shoulder 
causes progressive painful compression of the SSP, SD-SA bursa, and LHB between 
the humeral head and coracoacromial arc. Impingement on the tendinous portion of 
the rotator cuff by the coracoacromial ligament and the anterior third of the acro-
mion is responsible for this frequent and characteristic syndrome of disability of the 
shoulder. A characteristic proliferative (keel) spur or enthesophyte has been noted 
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on the anterior lip and undersurface of the anterior process of the acromion 
(Fig.  17.1b, c  arrow); this area may also show erosion and eburnation. The impinge-
ment may also involve the tendon of the LHB, and if it does, it is best to decompress 
the tendon and remove any osteophytes which may be in its groove. Hypertrophic 
osteophytosis at the AC joint may impinge on the SSP tendon when the arm is in 
abduction (Neer  2005 ). According to Neer 95 % of RC tears at the level of its enthe-
sis at the GT are the result of chronic subacromial impingement leading to tendi-
nopathy and tears (Fig.  17.63 ). Clinical diagnosis is made by the Neer and Hawkins 
test. Osseous abnormalities are present at the level of the acromion: enthesophytes, 
anterior hooking (type 3 Bigliani Fig.  17.29 . 3, Table  17.7 ), anterolateral inferior 
downsloping, and low position to distal clavicula. Also os acromiale (Fig.  17.31 ) 
and M. Paget (acromion or clavicle) are associated with subacromial impingement. 
At the level of the GT fracture with displacement or remodeling may cause a promi-
nent GT resulting in subacromial impingement. Secondary soft tissue abnormalities 
are found in the SSP and LHB with tendinosis, PTT or FTT, thickened or ossifi ed 
coracoacromial ligament, subacromial bursal thickening, and hypertrophied SSP 
muscle (Fig.  17.19 ). Calcifi cations at the SSP may be the result and increase the 
thickness of the tendon amplifying subacromial impingement. Three acromial types 
are described by Bigliani in 1986; type 3 is associated with impingement and RC 
tears (Fig.  17.29  and Table  17.7 ). Gagey added type 4 in 1993 (Fig.  17.30a, b ) 

   Table 17.7    Acromion types 
of Bigliani (1–3) and 
Gagey (4)  

 Type 1: Flat (12 %) 
 Type 2: Curved (56.5 %) 
 Type 3: Hooked (29 %) 
 Type 4: Upward convexity (2.5 %) 

  Inferior margin of the acromion is evaluated on sagittal MRI or 
CT images or scapular Y radiograph of the scapula. Figures  17.29  
and  17.30   

1 2 3

Curved HookedFlat

  Fig. 17.29    ( 1 – 3 ) External subacromial impingement, osseous abnormalities of the acromion, 
Bigliani types 1, 2, and 3 demonstrated on scapular Y view       
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(Natsis et al.  2007 ). The acromion types are described on sagittal CT or MRI slices 
or scapular Y radiographs of the scapula (Figs.  17.29  and  17.30 ).

      The types of acromial shape with the existence of enthesophytes together com-
prise two important parameters for subacromial impingement syndrome and rotator 
cuff tears. Enthesophytes were found mostly in type 2 (7.9 %) and type 3 (37.7 %) 
acromion (Fig.  17.29 .1 and 2). The enthesophytes are localized at the site of the 
coracoacromial ligament insertion on the acromion (Fig.  17.1b, c ). Enthesophytes 
were signifi cantly more common in type 3 acromions, and this combination is par-
ticularly associated with subacromial impingement syndrome and rotator cuff tears 
(Natsis et al.  2007 ). Hooked acromion (type 3) may be congenital or acquired due 
to aging related to degeneration of the origin of the CHL; it is more common in 

a b

  Fig. 17.30    ( a, b ) Type 4 acromion according to Gagey. ( a ) Sagittal CTA and ( b ) sagittal T1       

a b

c

d

  Fig. 17.31    Os acromiale. Radiographic demonstration of os acromiale ( arrows ) on AP view ( a ) 
and ( b ) scapular Y view. CT ( c ) and MRI ( d ) demonstration on axial slice       
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males and mostly symmetric. Lateral downsloping acromion is related to impinge-
ment on the SSP in critical zone, also possibly on the SSC. Low lying acromion 
relative to the distal clavicula is present in os acromiale, which is a not fused acces-
sory ossifi cation center (junction of meta-, meso-, and preacromion). It may be the 
cause of shoulder pain itself; the contraction of the deltoid muscle may pull it down 
causing impingement. Os acromiale is bilateral in 60 % of cases. Subacromial 
impingement is treated conservatively, with coracoacromial ligament release, resec-
tion of the distal clavicula, or with anterior acromioplasty (Neer  1972 ,  2005 ). End 
stage subacromial impingement is defi ned as complete SST tear with retraction, 
cranial migration of the humeral head with bony confl ict against the acromion, ebur-
nation of the acromion, glenohumeral joint non-congruity resulting in glenohumeral 
joint osteoarthritis, and secondary subcoracoidal impingement (section “ External 
subcoracoid impingement ”).  

    External Subcoracoid Impingement 
 This type of impingement is related to compression of the subscapularis tendon and 
structures at the rotator interval between the coracoid process and the lesser tuberos-
ity of the proximal humerus (in the coracohumeral interval). It may be due to con-
genitally elongated or angled coracoid process. Clinically anterior shoulder pain is 
present that is elucidated with  forward elevation ,  internal rotation ,  and horizontal 
adduction  of the humerus and is sometimes associated with a painful click. In sports 
primary external subcoracoid impingement is found related to slight distraction to 
the posterior glenohumeral shoulder capsule in the  end stage of endorotation  in 
racket swing or golf swing. The syndrome is easily overlooked, both clinically and 
with imaging. It is rarely isolated. The condition is treated with activity modifi cation 
or coracoplasty. Normal coracohumeral interval distance is 8 mm in females and 
11 mm in males. Stenosis related to subcoracoid impingement is defi ned as less than 
6 mm. These measurements are not reliable; the diagnosis is made by clinical evalu-
ation and anesthetic infi ltration. Bone marrow cystic and reactive changes in the LT 
or coracoid tip with SSC tendinosis and (partial thickness) tears may be found 
(Fig.  17.5a, b  long arrow). Subcoracoid impingement is most frequently found as end 
stage of subacromial impingement with cranial migration of the head of the humerus 
in complete SSP tear with retraction leading to decreased distance of the coracoid 
process and the humerus. This mechanism defi nes the biphasic evolution of subacro-
mial impingement, in the fi rst stage with clinical signs of subacromial impingement 
and in a second stage the clinical signs of subcoracoidal impingement.    

17.3.3     Labrum, SLAP, and Biceps Lesions 

 Imaging plays an important role in the diagnosis of superior labrum anterior to pos-
terior (SLAP) tears. Knowledge of glenolabral anatomy, related structures, and vari-
ants, proper imaging techniques, and a systematic approach to MRI interpretation 
are important in the diagnosis and treatment planning of the ten types of SLAP 
lesions. Arthroscopy offers defi nitive diagnosis (Modarresi et al.  2011a ,  b ). 
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17.3.3.1     SLAP Lesions 
 The arthroscopic prevalence of SLAP lesions in a population with shoulder pain 
ranges from 3.9 to 11.8 %. Surgeons use mostly the 4 original described types cen-
tered at the attachment of the LHB tendon (Snyder et al.  1990 ) (Table  17.8  and 
Figs.  17.23a ,  17.32 , and  17.33 ). Isolated LHB tears are rarely anterosuperiorly 
located. Tears are usually associated with SLAP lesions or tears that extend antero-
inferior in the labrum. In current literature there is no suffi cient support that MRI 
can accurately differentiate all SLAP lesions. Different mechanisms are related with 
SLAP lesions: SLAP I is related to degenerative labrum with aging; SLAP I and II 
are related to repetitive overhead motion: SLAP II, IV (Fig.  17.32a, b ), and V are 

   Table 17.8    SLAP lesions   

 SLAP I: Fraying of superior portion of the labrum, no frank tear, intact biceps tendon 
(10–21 %) 
 SLAP II: Fraying with stripping of the superior labrum and biceps tendon. Most frequent SLAP 
lesion related to repetitive microtrauma injury. Accounts for 41–55 % of lesions. Three types 
are distinguished based on the location. 
   SLAP II A anterosuperior 
   SLAP II B posterosuperior 
   SLAP II C central 
 SLAP III: Bucket handle tear of the superior labrum (3–15 %). The central portion of the tear is 
displaced into the joint. The biceps tendon is not involved. 
 SLAP IV: Bucket handle tear with extension into the biceps tendon (3–15 %) (Fig.  17.32 ). 
 SLAP V : Extension anteroinferior 
 SLAP VI: Flap tear 
 SLAP VII: Extension anterior in MGHL 
 SLAP VIII: Extension posterior (more extensive then IIB) (Fig.  17.33 ) 
 SLAP IX: Circumferential 
 SLAP X: Extension in RI 

a b

  Fig. 17.32    SLAP IV. 3 T I-MRA T1 FS coronal slices ( a ,  b ) demonstrating gadolinium enhance-
ment at the labrotendinous junction with lateral distention into the biceps ( arrows )       
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related to falls on outstretched hand; SLAP V and VII are related to glenohumeral 
instability. A practical approach to radiological diagnosis of SLAP lesions is to 
describe the location using clock face or quadrants, defi ne if the biceps tendon is 
involved, and describe the anterior-posterior extension and the morphology of the 
lesion: fraying versus tearing. Displaced (bucket handle) or free fragments and 
associated lesions or extension in the MGHL or anteroinferior labrum (implies GH 
instability and different surgical treatment) should be mentioned.

17.3.3.2          Labral Cysts 
 Labral cysts typically arise through labral tears and may cause nerve compression. 
The suprascapular nerve may be compressed at the level of the suprascapular fora-
men below the transverse ligament with denervation of the supraspinatus and infra-
spinatus muscle. If the cyst is located at the spinoglenoid notch, the suprascapular 
nerve is compressed more distally with denervation only of the infraspinatus muscle 
(Fig.  17.23  thick arrow mid lower position, Figs.  17.34 ,  17.35 , and  17.36 ). The axil-
lary nerve may be compressed in inferior location of the labral cyst causing dener-
vation of the teres minor and deltoid muscles.    

 On D-MRA the cyst often is not fi lled with contrast and remains with low SI on 
T1-WI FS. Muscular denervation edema or muscle enhancement with IV gadolin-
ium administration may be present (I-MRA) on T1 FS (Fig.  17.34b ) and increased 
muscle signal on PD and T2 (FS) images on D-MRA and I-MRA. I-MRA T1-WI 
FS may show contrast enhancement in the wall/surrounding tissue of the cyst. 
Denervation edema or contrast enhancement on T1-WI FS is found in early stages 
(within the fi rst month) of denervation. In late stages fatty infi ltration in the muscle 
is detected on MRI and ultrasound (Fig.  17.36 ). 

  Fig. 17.33    SLAP 
VIII. Anterior and posterior 
labrocartilaginous disrup-
tion ( arrows ) demonstrated 
on axial 1 T D-MRA T1 FS 
Bigliani and Vanarthos 
acromion types       
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ba

  Fig. 17.34    Paralabral cyst with denervation of ISP muscle, 1 T D-MRA. ( a ) Coronal T2-WI 
demonstrating high SI cyst at spinoglenoid notch ( arrow ) with compression of the distal part of the 
suprascapular nerve. ( b ) Axial T1-WI FS demonstrating global enhancement ( arrows ) of ISP mus-
cle related to early denervation (fi rst 3 weeks)       

a b

c d

  Fig. 17.35    Labral cyst at spinoglenoid notch. 1,5 T I-MRA ( a ) coronal intermediate TE FS and 
( b ) coronal T1-WI FS, ( c ,  d ) sagittal intermediate TE FS in spinoglenoid notch ( d ) and more later-
ally at the cyst stalk ( c ). Specifi c location at spinoglenoid notch is best demonstrated on sagittal 
images ( arrows ). No denervation signs at infraspinatus muscle belly       
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 Denervation of ISP muscle without labral cyst is a specifi c fi nding in elite vol-
leyball players (Fig.  17.36 ).  

17.3.3.3     Biceps CL Tendon Lesions 

   Tendinopathy and Tenovaginitis 
 In LHB tendinosis MR shows brightening in the tendon on T1 without high T2 SI; 
one should be careful to discriminate magic angle phenomenon (at 54.7° relative 
to B0 magnetic fi eld of 1.5 T Sect.  17.3.4.3 ) specifi cally on the turn into the 
groove (Fig.  17.37 ). The tendon can be swollen in the intracapsular portion 
(“hourglass” tendon) producing a mass effect with incarceration (Fig.  17.37b ). 
Major sign on US is focal thickening of the tendon (Fig.  17.38 ). The mechanism 
of tendinopathy of the biceps is subacromial impingement of the tendon in RC 
tears with subacromial osteophytes in the bicipital groove or subluxation or 
medial dislocation of the tendon. Bone marrow edema can be found at the level of 
the intertubercular groove. Increased fl uid in the tendon sheath without associated 
increased glenohumeral joint fl uid is found. Associated stenosing tenosynovitis 
and adhesions with lack of contrast passage to the synovial tendon sheath may be 
found (Fig.  17.26  thick arrow). Infl ammatory arthropathy (RA) may cause teno-
synovitis of the LHB tendon sheath.    

   LHB Tear 
 LHB tendon rupture is usually related to preexisting tendinosis. Musculotendinous 
rupture of the healthy tendon is related to severe trauma (weight lifters). Patients 
complain of an audible “pop” followed by Popeye sign with distal retraction of the 
muscle belly. Partial tears are documented on US or MRI with thinning, irregularity, 

Transverse infraspinatus view Longitudinal infraspinatus view

Teres minor muscleSpina scapulae

Trapezius muscle Trapezius muscle

Humeral headH
Courtesy FYZZIO

  Fig. 17.36    US demonstration of fatty involution of ISP in a male professional volleyball player 
without paralabral cyst at the spinoglenoid notch (Courtesy of FYZZIO, the Netherlands). Marked 
global increased refl ectivity grade II according to Strobel (Table  17.15 ) of the ISP muscle is obvi-
ous when compared with trapezius and teres minor muscle       
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fragmentation, and high SI of the tendon. A longitudinal fi ssure should be discrimi-
nated from a constitutional bifi d tendon (Figs.  17.13a, b  and  17.39a, b ). Most tears 
are located proximal in the intertubercular groove. Neer discriminated three FTT 
types: type I, tear without retraction (Fig.  17.40 ); type II, tear with retraction; and 
type III, self-attaching tear without retraction. The radiologist should describe the 
location of rupture and retracted stumps. In case of distal retraction the tendon is 
absent in the intertubercular groove. Proximal from the intertubercular groove the 
stump can move in the RI which may cause glenoid and humeral head chondroma-
lacia. The sensitivity for lesion detection of biceps CL lesion for CT arthrography 

a b

  Fig. 17.37    Intraarticular LHB tendinopathy, I-MRA demonstration. 1 T I-MRA with ( a ) coronal 
intermediate TE FS and ( b ) axial T1 FS slices demonstrating increased SI and thickened (hour-
glass aspect) of the tendon ( b   arrow )       

Left  Right

  Fig. 17.38    LHB tendinopathy at intertubercular groove, US demonstration. Axial US images at 
the junction of RI and intertubercular groove,  left image  demonstrating thickened LHB (0.56 cm) 
compared to right LHB ( right image ) with thickness of LHB of 0.42 cm       
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was 31 % and the specifi city 95 % which is comparable with the sensitivity for 
MRA arthrography that was 27 % and the specifi city 94 %. There were no statisti-
cally signifi cant differences between CT and MR. The interobserver agreement cal-
culated with the kappa statistic was poor for CT and for MR. Both CT arthrography 
and MR arthrography perform poorly in the detection of biceps tendon pathology of 
the shoulder.    

   LHB Subluxation and Dislocation 
 The biceps pulley or “sling” is a capsuloligamentous complex that acts to stabilize 
the long head of the biceps tendon in the bicipital groove. The pulley complex is 

A B

  Fig. 17.39    Split long head of the biceps with LHB tendinopathy at the posterior part and longitu-
dinal split at the intertubercular groove, US demonstration with probe position. Axial ( a ) and 
longitudinal ( b ) images demonstrating three structures at the intertubercular sulcus, split anterior 
LHB ( small arrow ) and thickened posterior LHB with the longitudinal split ( long arrow )       

a b

  Fig. 17.40    Partial-thickness LHB tear (type I tear according to Neer), 3 T I-MRA demonstration. 
( a ) Oblique axial T1-WI FS and ( b ) sagittal T1-WI demonstrating central gadolinium enhance-
ment at the tendon at the RI ( b ) and at the intertubercular groove ( a ). Thickening of the midportion 
of the biceps pulley at CHL level ( short arrows ). Tear at the LHB ( long arrow a and b )       
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composed of the SGHL, the CHL, and the distal attachment of the SSC tendon and 
is located within the RI between the anterior edge of the SSP tendon and the supe-
rior edge of the SSC tendon (Fig.  17.41 ). Because of its superior depiction of the 
capsular components, D-MRA is the imaging modality of choice for demonstrating 
both the normal anatomy and associated lesions of the biceps pulley. Oblique sagit-
tal images and axial images obtained with a high image matrix are valuable for 
identifying individual components of the pulley system (Figs.  17.41  and  17.42 ). 
Various pathologic processes occur in the biceps pulley as well as the RI. These 
processes can be traumatic, degenerative, congenital, or secondary to injuries to the 
surrounding structures. The term “hidden lesion” refers to an injury of the biceps 
pulley mechanism and is derived from the diffi culty in making clinical and 
arthroscopic identifi cation (Habermeyer et al.  2004b ). Subluxation and luxation of 
the LHB tendon is frequently encountered. LHB dislocations are demonstrated on 
US and MRI, with the possibility of dynamic examination on US. In subluxation 
some contact with the intertubercular groove exists; in dislocation there is no con-
tact with the groove. Three categories are described: tendon displacement (type I, II, 
and III Figs.  17.43 ,  17.44 , and  17.45 ), the extra-articular dislocation (type IV 
Fig.  17.46 ), or intraarticular displacement (type V and VI Figs.  17.47  and  17.48 ). 

Posterior sling 

a

b

GT

GT

SSC

LT

LTGT

LHB

SGHL

CHLSSCSS

  Fig. 17.41    Biceps pulley at the entrance of intertubercular groove. US with probe position, 
D-MRA demonstration. ( a ) Oblique axial US and ( b ) oblique axial MRA T1- WI FS demonstra-
tion of posterior sling of biceps pulley ( CHL ) ( arrows ) with schematic drawing. LHB is covered 
with TL ( thick arrows )       
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a b

b c

  Fig. 17.42    ( a–c ) Biceps pulley demonstration on D-MRA. Oblique sagittal D-MRA T1-WI 
A. Medial slice near origin of LHB, CHL, and SGHL until C. Lateral near to entrance of intertuber-
cular groove. LHB ( thin arrows ), CHL ( thick arrows ), and SGHL ( long arrows ). ( c ) Demonstration 
of connection of CHL with rotator cable ( thick arrow ). RI:  double-sided dotted arrows        

LHB
SGHL

CHL

  Fig. 17.43    LHB type I instability, US demonstration with schematic drawing. Partial intrasu-
bstance tear of SSC with intact pulley and minimal shift of the biceps. Thickening of the LHB 
pulley at the interval area ( a   cross marks ) with medial off center location of the biceps ( a   thin 
arrows ) and widening of the interval up to 13 mm ( b   cross marks ). Diffi cult differentiation from 
LHB type III instability       
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LHB

SGHL

CHL

  Fig. 17.44    LHB type II 
instability. Schematic 
drawing. Intact SSC 
attachment but medial tear 
of biceps pulley with medial 
subluxation of the biceps 
tendon       

LHB
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CHL

SS SSC

LHB

CHL

SSC
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LHB

SSC

TL – SSC  

LT

b

  Fig. 17.45    LHB type III instability. Schematic drawing and US and D-MRA demonstration in 
different patients. Intrasubstance tear of SSC with medial pulley tear ( double-sided arrow ) and 
extra-articular medial subluxation of LHB. ( a ) axial CTA and ( b ) axial anterior US in different 
patients       
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LHB

SSC
SSC

a

b LHB

LHB
SGHL

CHL

SSCSS

  Fig. 17.46    LHB type IV instability. Schematic drawing and I-MRA and US demonstration in a 
31-year-old female. Rupture of the pulley is located at the lateral limbs; associated tear of TL 
( double-sided arrows ) with extra-articular migration of the biceps that is located anterior to the 
intact SSC       

LHB

SGHL

CHL

SS

SSC

  Fig. 17.47    LHB type V 
instability. Schematic 
drawing. Full-thickness tear 
of SSC with medial pulley 
tear and medial intraarticu-
lar dislocation of the biceps       
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Six types are defi ned (modifi ed Habermeyer classifi cation) (Habermeyer et al. 
 2004b ) (Table  17.9  and Figs.  17.43 ,  17.44 ,  17.45 ,  17.46 ,  17.47 , and  17.48 ). A par-
tial intrasubstance tear of the SSC with intact pulley can result in minimal medial 
shift of the biceps tendon, type I Habermeyer biceps dislocation (Fig.  17.43 ).

MGHL

LHBTL-SSC

LHB

SGHL

CHL

SSC

SS

  Fig. 17.48    LHB type VI 
instability. Schematic 
drawing with CTA demon-
stration. Detachment of the 
SSC with intact continuing 
fi bers to TL and GT, medial 
biceps pulley tear with 
medial intraarticular 
dislocation of LHB       

   Table 17.9    Modifi ed Habermeyer classifi cation of biceps CL instability   

 Type I: Partial intrasubstance tear SSC with intact pulley can result in minimal medial shift of 
the biceps tendon 
 Type II: Intact SSC attachment but medial tear of the biceps pulley with medial subluxation 
biceps tendon 
 Type III: Intrasubstance tear of the SSC with medial pulley tear 
   IIIA: Biceps remains extra-articular 
   IIIB: Biceps intraarticular (bursal partial tear SSC) 
 Type IV: Tear of lateral limbs of biceps pulley with intact SSC and extra-articular dislocation of 
the biceps tendon 
 Type V: FFT of the SSC with medial (and lateral) biceps pulley tear and medial intraarticular 
dislocation of the biceps tendon 
 Type VI: Detachment of the SSC with intact continuing fi bers of the SSC to the GT, medial 
biceps pulley tear, and medial intraarticular dislocation of the biceps tendon 
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17.3.4                  Rotator Cuff 

17.3.4.1     Ultrastructure of the Rotator Cuff 
 The rotator cuff tendons are histologically heterogeneous. They are assembled of 
up to four layers depending on the overall direction of collagen bundles, the fi fth 
layer is the shoulder capsule. The major and superfi cial or bursal layer of the cuff 
has collagen bundles parallel to the overall direction of the tendon (layer II). Deep 
to this, layer III, has no prominent bundle direction, whereas layer IV the cable or 
transverse band has a bundle direction perpendicular to layer II. The cable is also 
known as ligamentum semicirculare humeri. The cable is located adjacent to the 
glenohumeral joint capsule (V) (Table  17.10 ) (Figs.  17.49a, b  and  17.50a, b ). The 
cable represents a thickening at the articular side of the tendon located approxi-
mately 1–1.5 cm medial to the enthesis (footplate) of the tendons which is the area 
of relative hypovascularity also known as critical area of the SSP and ISP. The 
rotator cable and crescent are located in the distal SSP and ISP tendon only 
(Fig.  17.50 ) (Burkhart et al.  1993 ). The cable starts anterior at the level of the 
intertubercular groove to end posteriorly at the level of the teres minor enthesis 
(Fig.  17.50a, b ). It is regarded as a deep extension of the CHL by Clark and 
Harryman (Fig.  17.42c ) (Clark and Harryman  1992 ). The crescent is the part of 
the tendon between enthesis and cable (Figs.  17.50a, b  and  17.42c ). Mean thick-
ness of the crescent is 1.82 mm and of the cable 4.72 mm (Burkhart et al.  1993 ). 
The anatomical thickening of the cable is variable and may be detected on imag-
ing in cable-dominant cuffs (Fig.  17.51 ). In cable-dominant cuffs the thick rotator 
cable acts as a suspension bridge preventing tears at the crescent to widen; it 
reduces the functional impact of cuff tears (PTT and FTT). Most of the cuff tears 
are allocated at the crescent; these are typically the tears related to subacromial 
impingement. The different layers of the cuff are not detected on MRI (Fig.  17.51a ). 
High-resolution US may detect layer II, III, and IV (cable) (Figs.  17.51  and 
 17.52a ). Cuff tears located at the cable itself are located at the critical area and 
result in more important retraction and functional cuff disability. Also cuff tears 
at the crescent in non-cable-dominant cuffs result in more retraction.

17.3.4.2           Tendinopathy 
 Focal thickening of a tendon is a major sign of tendinopathy (Fig.  17.52b ). 
Tendinopathy is essentially a degenerative process (no prominent infl ammation) 
related to impingement or overuse. Tendinitis is a misnomer as tendon infl ammation 
is not prominent. Intrinsic tendon lesions related to overuse or acute traumatic tear are 

   Table 17.10    Rotator cuff, fi ve layers from subbursal to articular   

 Layer I: coracohumeral ligament superfi cial fi bers 
 Layer II: thick main cuff portion: parallel bundles 
 Layer III: thick cuff portion: smaller bundles with less uniform orientation 
 Layer IV: rotator cable or transverse band (perpendicular bundle) deep fi bers of coracohumeral 
ligament at the SSP and ISP 
 Layer V: capsule, random fi ber orientation 
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  Fig. 17.49    Ultrastructure of rotator cuff. Schematic drawing       
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located at the “critical area,” mid-tendinous, with critical vascular supply. In subacro-
mial impingement the insertional area or enthesis of the SSP and ISP at the GT is 
involved. Focal structural anomaly in tendinopathy is detected on MRI with increase 
SI or on US with decreased refl ectivity. Structural hyporefl ective anomalies on US 
should be detected on longitudinal and transverse imaging (Fig.  17.52c, d ). The sub-
acromial bursa may be thickened with or without fl uid accumulation; infl ammation is 
not prominent; this bursa thickening is most prominent at the area of impingement and 

IS

SS
Crescent

Cable

LHB SS

Crescent

Cable

Anterior Posterior

a b

  Fig. 17.50    ( a ,  b ) Rotator cable and crescent. Schematic drawing. ( a ) Posterior shoulder and ( b ) 
cranial view. Contours of bony landmarks of proximal humerus and scapula ( thick lines ). Contours 
of soft tissue landmarks of ISP and SSP ( thin lines ). Location of the cable ( dotted structure ) per-
pendicular to the direction of the tendons. Crescent is the distal part of the tendon, width 1 cm, 
located between cable and enthesis ( double-sided dotted arrows )       

SSP

LHB
SGHL

  Fig. 17.51    Rotator cable, 
US demonstration. US SSP 
at RI with demonstration of 
cable ( arrows ) continuity 
with CHL ( thick arrows ), 
for comparison similar view 
on Fig.  17.42c        
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demonstrated on US and MRI on PD FS or T2 FS series but not on T1 FS series in 
D-MRA (Fig.  17.53 ). Gadolinium DTPA enhancement is demonstrated on I-MRA 
(Fig.  17.54 ). Tendon calcifi cations are caused by hydroxyapatite deposition (HADD) 
and may have low SI on all MRI pulse sequences (Fig.  17.54 ). Intratendinous calcifi -
cations are not discriminated from low SI collagen and can easily be missed on 
MRI. US and radiographs are more accurate to detect RC calcifi cations (Fig.  17.55 ). 
Clinically four stages of calcifying tendinopathy are described (Table  17.11 ). Most 
often calcifi cations are silent without clinical complaints (phase 1). In phase 2 when 

Deltoid muscle

SSP

  Fig. 17.53    Fluid at the 
SA-SD demonstrated on 
US. Asonant area of fl uid 
( double-sided arrow ) at the 
SA-SD bursa superfi cial to 
SSP and deep to deltoid 
muscle area       

SSP

SSP

a b

SSPSSP

LHB

c d

II III

  Fig. 17.52    Thickened SSP in tendinopathy demonstrated on US. ( a ) Longitudinal US view of 
normal SSP tendon with demonstration of layer II and III ( arrows ). ( b ) Longitudinal US view of 
focal thickening with hyposonant aspect related to tendinopathy of the SSP tendon. ( c ) Longitudinal 
and ( d ) axial US view in another patient       
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a b

c d

  Fig. 17.54    Fluid at the SA-SD bursa and SSP calcifi cations demonstrated on I-MRA. ( a ) Coronal 
T1-WI FS, ( b ) coronal intermediate TE FS, ( c ) sagittal T1-WI, ( d ) axial T1-WI FS. Calcifi cations 
with low SI on all sequences ( thin arrows ), partial extrusion of the calcifi cation to the SA-SD bursa 
( d   thin arrow ). Fluid ( thick arrows ) at the SA-SD bursa with enhancement on T1-WI ( a – c ) and 
high SI on fl uid sensitive sequences ( b )       

a b

c d

  Fig. 17.55    Calcifi cation at SSP demonstrated on US and radiograph. ( a ) Coronal view and ( c ) 
sagittal view on the SSP with hyperrefl ective calcifi cation with acoustic shadowing and enlarge-
ment of the cuff. Demonstration of dense calcifi cations on 3/4th view ( b ) and scapular Y view ( d )       
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the calcifi cation causes bulging on the bursal aspect of the tendon, pain with move-
ment is related to tendon and SA-SD bursa impingement. For example, pain during 
glenohumeral elevation-abduction “painful arc” is found in SSP calcifi cations. Pain 
during glenohumeral endorotation movement is characteristic for SSC calcifi cations. 
Subbursal (phase 3) and bursal (phase 4) with extrusion of the calcifi cations is charac-
terized by bursitis with acute infl ammatory pain (Fig.  17.54 ).

17.3.4.3           RC Tears 
 Tendon tears are characterized by discontinuity of collagen bundles. Bundle discon-
tinuity is directly demonstrated on US. Fluid in the tendon will be detected on MRI. 
In case of high SI in a tendon on fl uid sensitive MRI sequences (T2, intermediate 
TE, and PD with and without FS) tendinosis has to be discriminated from artifacts 
(motion, vessels, metal, etc.), HADD with high SI (calcium milk phase), immediate 
postoperative status or after recent tendon platelet-rich plasma (PRP) injection or 
percutaneous needle tenotomy (PNT) procedure. High SI on PD and T1-WI in ten-
dons can be caused by tendinopathy and should be discriminated from magic angle 
phenomenon, fi brosis, and granulation tissue in tear and is found in the ISP in inter-
nal rotation position (overriding the SSP), it is also a normal fi nding in children and 
adolescents. Increased SI related to magic angle phenomenon is specifi cally found 
in sequences with short TE (shorter than 37 ms on 1.5 T (T1 and PD)) in tissues with 
well-ordered collagen fi bers in a single direction (tendon, ligament, cartilage) with 
an angle of about 50° with the permanent magnetic fi eld B0 (54.7° in 1.5 T). 
Discrimination of magic angle phenomenon and tendinopathy is done by compari-
son of T2-WI (with long TE) in which the magic angle artifact disappears. 

   PTT 
 PTT and FTT are discriminated through a direct communication of the SA-SD bur-
sal space with the glenohumeral joint in FTT (Fig.  17.62 ). In D-MRA an injection 
of the glenohumeral joint results in opacifi cation of the SA-SD bursa in case of 
FTT. This D-MRA sign is void in I-MRA. PTT are twice as frequent compared to 
FTT. PTT can be located at the bursal side, at the articular side, or intrasubstantial 
in the tendon. Morphologic features of tears should be described: location in long 
axis and short axis with dimensions, characteristics (vertical, horizontal, oblique, 
thinning, irregularity, delamination, articular sided retraction, undersurface fl ap). 
Low- grade PTT have a depth of less than half of the tendon thickness (Fig.  17.56 ), 
medium-grade PTT are half of the tendon thickness, and high-grade PTT are more 
than half of the tendon thickness (Fig.  17.57 ). On arthroscopy PTT are staged dif-
ferently (Table  17.12 ) (Millstein and Snyder  2003 ).

  Table 17.11    Phases of RC 
calcifi cations  

 1. Silent phase 
 2. Mechanical phase, elevation of bursal fl oor 
 3. Infl ammatory phase: subbursal rupture 
 4. Infl ammatory phase: intrabursal rupture 

J.L.M.A. Gielen et al.



355

     Articular sided PTT are the most common; they are associated with GH instabil-
ity, microinstability, and internal impingement (Fig.  17.58 ).  

 Bursal sided tears are more related to extrinsic impingement. Bursal puddle sign 
is recognized (bursal sided fl uid SI continuous with the SA-SD bursa) in bursal 
sided PTT (Figs.  17.56  and  17.57 ). 

   Table 17.12    Arthroscopic stages of RC PTT (Snyder)   

 Stage 0: Normal 
 Stage 1: Minimal superfi cial bursal or synovial irritation or mild capsular fraying in a small 
localized area less than 1 cm 
 Stage 2: Fraying and failure of some RC fi bers + synovial bursal or capsular injury <2 cm 
 Stage 3: Fraying and fragmentation of tendon fi bers involving whole tendon surface less than 3 cm 
 Stage 4: Severe tear with tendon fraying, fragmentation, and large fl ap involving more than one tendon 

  Fig. 17.56    Low-grade 
bursal sided PTT at SSP 
demonstrated on US. 
Longitudinal US of 
low-grade bursal sided PPT 
at SSP ( arrows )       

a b

LHB

  Fig. 17.57    High-grade bursal sided PTT at SSP crescent demonstrated on US. Transverse ( a ) and 
longitudinal ( b ) with discontinuity of tendon fi bers ( arrows ) fi lled with asonant fl uid       
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 Intrasubstance PTT are typically delamination or loosening of the different ten-
don layers and may be missed on arthroscopy. MRI presents with low to intermedi-
ate SI on T1-WI and PD and with high SI on T2, PD FS, and T2* (PTT and 
degeneration present with similar signal) (Figs.  17.59  and  17.60 ). On D-MRA at 
the glenohumeral joint, articular sided PTT and FTT are demonstrated. Tears are 
understaged when there is granulation tissue in the tear. D-MRA will not demon-
strate bursal sided PTT on T1-WI; they are only detected on the T2 or intermediate 
TE WI (Fig.  17.60a, b ). I-MRA will demonstrate bursal sided PTT on T1-WI 
(Fig.  17.61 ).    

 A  rim rent  tear is an articular side PTT of the SSP at its attachment to the 
GT. These lesions start where the loads are greatest, i.e., the articular surface of the 
anterior SSP (Fig.  17.62 ). This lesion is more frequent in younger people and is 
associated with erosions and cystic changes. They can easily be missed on the coro-
nal images. If the footprint is exposed over 7 mm lateral from the cartilage edge, this 
lesion is surgically repaired.  

 A rim rent lesion evolves into a  PASTA  (periarticular articular sided SSP tendon 
avulsion), i.e., a type of Snyder stage 2 or 4 articular surface delamination tear with 
signifi cant fragmentation or fl ap. It is more common in younger people and over-
head sports (Fig.  17.63 ). Reversed PASTA lesion is a selective delamination of the 
bursal surface of the SSP. 

 PTT and FTT can extend into the longitudinal tendon plane by delamination of 
the layered structure of the RC (Figs.  17.60 ,  17.61 ,  17.62 ,  17.63 , and  17.64 ).   

  Fig. 17.58    Medium-grade 
articular sided PTT at critical 
area (cable) demonstrated on 
1.5 T D-MRA. Coronal 
T1-WI FS demonstrating 
gadolinium infi ltration at 
thinning of the SSP tendon in 
the area of the tendon       
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 As a result of the low therapeutic consequence of non-detection of low-grade 
partial-thickness RC tears, US is regarded as the primary investigation tool. Major 
diagnostic advantage of US over MRI is the dynamic evaluation of impingement 
during elevation or endorotation. The LHB in its extra-articular and distal RI course 
is accurately demonstrated on US.  

   FTT and Complete Tears 
 PTT may evolve to  FTT  (Fig.  17.61 ). The mayor advantage of direct arthrography 
is the communication of the glenohumeral joint space through the RC with enhance-
ment of the SA-SD bursa; this is pathognomonic for FTT (Fig.  17.65b, c ). FTT are 
in early stages frequently located anterior in the SSP and propagate to the posterior 
aspect of the RC; 40 % extend into the ISP. Anteriorly they propagate to RI, LHB, 

a b

c

  Fig. 17.59    PTT intrasubstantial delamination of SSP in 68-year-old women demonstrated on 
I-MRA and US. ( a ) Coronal T1-WI FS and ( b ) coronal intermediate TE FS longitudinal high-inten-
sity area at SSP ( arrows ). ( c ) Longitudinal hyporefl ective area between level II and III of the SSP       
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a b

c

PD FS          T2 FS

  Fig. 17.60    SSP PTT bursal sided demonstrated on 1 T D-MRA and US. ( a ) Coronal T1-WI FS, 
no demonstration of the tear. ( b ) Coronal intermediary TE FS demonstrating puddle sign. ( c ) 
Longitudinal SSP view       

  Fig. 17.61    PTT bursal sided with delamination of SSP in 61-year-old women demonstrated on 
I-MRA. Coronal T1-WI FS with delamination ( arrows ) containing HADD ( thick arrow ). Extrusion 
of HADD at bursal side ( small arrows ) with irregular bursal margin of the tendon at the enthesis 
and partial cover of the GT footplate       

 

 

J.L.M.A. Gielen et al.



359

  Fig. 17.63    PASTA PTT at SSP demonstrated on glenohumeral D-MRA. Gadolinium enhance-
ment at SSP enthesis with broad retraction of the SSP from the medial part of the footplate ( arrows ) 
and enhancement of intratendinous delamination area. No enhancement of the bursa in articular 
sided PTT       

a b

c d

  Fig. 17.62    Rim rent PTT at SSP demonstrated in a 66-year-old female on glenohumeral CTA. 
( a ,  c ) Axial and ( b ,  d ) coronal slices with anterior articular sided SSP tear ( long arrows ) with 
delamination enhancement of the tendon medial-posterior ( small arrows ). Small full-thickness 
tear is located anterior ( thick arrow ) with enhancement of SA-SD bursa       
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and SSC. The size of the lesion should be reported in two dimensions, longitudinal 
and transverse (Figs.  17.66  and  17.67 ).    

 A FTT with extension into the whole tendon is a massive or  complete  tendon 
tear; in these, the tendon may retract with lipomatous involution of the dependent 
muscle as a result. Arthroscopic stages of FTT are listed in Table  17.13 . Tendon 
retraction should be reported and is staged on MRI or CT according to Goutallier or 
Patte (Lippe et al.  2012 ) (Table  17.14 ).

    Tears dominantly located at the  cable  show less retraction and are easier to repair 
compared to lesions located at the crescent of the RC where retraction is more medial 
and repair more diffi cult (Fig.  17.68b ; for comparison Fig.  17.50 ). Articular sided PTT 
with extension into the cable are more symptomatic compared to bursal sided PTT 
(Fig.  17.69a ) (Burkhart  1992 ; Burkhart et al.  1993 ; Halder et al.  2002 ; Su et al.  2009 ).   

I

LHB

S
S

C

IS
P

TM

Corac

SSPAcromion

II

III
  Fig. 17.64    Schematic drawings demonstrating the progression of subacromial impingement 
related PTT in FTT. In the fi rst stage SSP PTT evolves into FTT (stage II) with complete tear and 
retraction of the tendon (III). In the last stage cranial migration of the humerus causes impinge-
ment of ISP posteriorly and LHB and SSC anteriorly (subcoracoidal external impingement) with 
tendinopathy and tears as a result. This is clinically known as the biphasic evolution starting with 
subacromial impingement complaints and subsequently subcoracoidal impingement complaints       

 

J.L.M.A. Gielen et al.



361

 Although interobserver reliability is low, rotator cuff  muscle atrophy  has to be 
graded according to Goutallier and/or Warner (Table  17.15 ). In Goutallier’s sys-
tem muscle fatty infi ltration is graded on sagittal CT images (Goutallier et al. 
 1994 ,  1999 ). Strobel defi ned accuracy of US in grading of SSP and ISP fatty 

c

ba

  Fig. 17.65    ( a–c ) US and arthrography and CTA demonstration of small FTT at footplate of SSP 
tendon in a middle-aged woman. Small erosion at the GT footplate often is a landmark for tendon 
disease; small FTT tear ( arrows ) is demonstrated on US ( c ), arthrography ( b ), and CTA ( a ) with 
demonstration of contrast enhancement at the SA-SD bursa ( thick arrow )       

b a 

  Fig. 17.66    I-MRA demonstration of small FTT at footplate of SSP tendon. ( a ) Coronal interme-
diary TE FS and ( b ) coronal T1-WI FS imaging plane       
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atrophy (Strobel et al.  2005 ) and calculated a moderate accuracy of US of 
75–85 % for SSP and ISP, respectively (Fig.  17.36 ). Assessed US parameters 
were visibility of muscle contour, visibility of pennate pattern, visibility of the 
central tendon, and muscle echogenicity (Table  17.16 ). In Warner’s classifi cation 
muscle volume is related to a tangent line on sagittal images at the level of the 
coracoid process (MRI or US) connecting the cranial cortical margin of the spina 
with the cranial cortical lining of the coracoid process for the supraspinatus and 
of the posterior cortical margin of the spina with the posterior-inferior margin of 
the scapula for the infraspinatus muscle (Fig.  17.70a ) (Warner et al.  2001 ; Tingart 
et al.  2003 ; Lippe et al.  2012 ).

a b

  Fig. 17.67    ( a ,  b ) FTT at critical area of SSP in a 65-year-old female patient. Fiber discontinuity 
fi lled with assonant fl uid about 1.5 cm proximal to the enthesis of the SSP tendon is demonstrated 
in sagittal ( a ) and coronal plane ( b ). Coronal plane demonstrates hyperrefl ective cartilage sign 
related to fl uid-cartilage interface ( arrows ) at the area of tendon retraction stage 2 according to 
Patte, Table ( 17.13 )       

      Table 17.13    Arthroscopic stages of FTT   

 Stage 0: PTT (articular or bursal) without communication 
 Stage 1: Small FTT (puncture) 
 Stage 2: Moderate (<2 cm) tear involving one tendon without retraction 
 Stage 3: Large (3–4 cm) tear involving an entire tendon with minimal retraction 
 Massive (complete): Tear involving two or more tendons, usually associated with retraction and 
scarring of the tendon ends 

  Table 17.14    Staging of the 
tendon retraction according 
to Patte is done on paracoro-
nal images  

 Stage 1: Adjacent to tendon insertion 
 Stage 2: Superior to humeral head 
 Stage 3: Glenoid margin 
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17.3.5            Postoperative Shoulder 

 Postoperative MRI of the shoulder is subject to artifacts that hamper interpretation 
of the images (Table  17.17 ). Metal artifact reduction sequences (MARS) are used to 
enhance MR image quality but have the drawback that gradient imaging and FS is 
avoided. MARS protocol includes SE or TSE sequences with view angle tilting, 

a

b

LHB

  Fig. 17.68    ( a ,  b ) Schematic drawings illustrating suspension action of rotator cable. ( a ) Tear 
located at crescent results in minor tendon retraction related to transverse fortifi cation. ( b ) Tear 
with disruption of the cable results in marked tendon retraction       
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increased TSE factor (max 4TE), increased slice selection gradient strength with 
reduced slice thickness, and reduced ratio of FOV and pixel number in phase encod-
ing direction and STIR instead of FS (Table  17.18 ) (Petersilge et al.  1996 ; Olsen 
et al.  2000 ; Chang et al.  2001 ; Lee et al.  2001 ). Moreover anatomic evaluation of 

LHB SS

Crescent

Cable

Anterior Posterior

LHB SS

Crescent

Cable

Anterior Posterior

a

b

  Fig. 17.69    ( a ,  b ) 
Complete SSP tear 
demonstrated on 
US. Sagittal ( a ) imaging 
plane with fl uid at 
subdeltoid area anterior up 
to LHB and posterior up to 
ISP ( arrow ). Coronal ( b ) 
imaging plane demonstrates 
small tendon stump ( arrow ) 
at medial part of GT 
footplate. The retracted 
SSP tendon is not visible; it 
is retracted beyond the right 
margin of the image until 
the glenoid margin (stage 3 
according Patte, 
Table  17.13 )       

   Table 17.15    Staging fatty 
atrophy according to 
Goutallier  

 Stage 0 – Normal muscle 
 Stage 1 – Some fatty streaks 
 Stage 2 – Less than 50 % fatty muscle atrophy 
 Stage 3 – 50 % fatty muscle atrophy 
 Stage 4 – Greater than 50 % fatty muscle atrophy 
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  Table 17.16    Staging fatty 
atrophy on US according to 
Strobel  

 A Scoring of muscle structure 
   0: clearly visible muscle contours, fi bers, and central tendon 
   1: partially visible structures 
   2: structures no longer visible 
 B Scoring of echogenicity in comparison to trapezius or deltoid 
muscle 
   0: iso- or hypoechoic 
   1: slightly more echoic 
   2: markedly more echoic 

  Substantial fatty atrophy is diagnosed if combined score A + score 
B is 2 or more  

b

c

a

  Fig. 17.70    ( a – c ) Complete SSP and ISP tendon tear with stage 3 retraction demonstrated on 
I-MRA. ( a ) Sagittal T1-WI demonstrating increased fat at the SSP and reduced muscle volume 
according to Warner below the cranial tangent lining of the scapula. Cranial half of ISP muscle also 
reveals increased SI related to fatty involution but without major muscle volume decrease (poste-
rior tangent lining of the scapula). ( b ) Coronal intermediary TE FS image with retraction of the 
SSP tendon ( arrow ) stage 3 according to Patte, Table  17.13c . Axial T1-WI FS demonstrating 
retraction of the ISP tendon ( arrow ) stage 2 according to Patte       
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tendon and labrum repair is prone to erroneous conclusions on CTA, US, and 
MRI. US and CTA are good alternatives to MRI for the evaluation of the postopera-
tive cuff. CTA is a good alternative for the evaluation of labrum repair.

17.3.5.1       RC Repair 
 Articular PTT that do not involve more than two-thirds of the tendon thickness 
respond well to debridement of the necrotic torn tissue, with or without anterior 
acromioplasty. Full-thickness tears can require open surgery. Arthroscopy-assisted 
(mini-open) rotator cuff repairs or purely arthroscopic repairs are possible in some 
tears. Open repair offers the best exposure of the lesion for the surgeon, but this 
procedure prolongs recovery time. Mini-open repair technique includes a vertical 
spit in the deltoid muscle with arthoscopic acromioplasty and RC repair. Pure 
arthroscopic repair offers the fastest rehabilitation but is surgically challenging for 
large tears (double-row suture is diffi cult). 

 In PTT surgical debridement of granulation tissue is performed. In FTT or mas-
sive tears tendon to tendon repair is performed with single- or double-row sutures 
(Fig.  17.71 ). Tendon to bone repair is done with use of bioresorbable anchors 
(radiolucent) or with metal anchors.  

 Complications of cuff repair (retear 6.2 %, nerve injury 1.1 %, infection 1.1 %, 
deltoid dehiscence 0.5 %, frozen shoulder 0.5 %) may be indications for imaging. 
Deltoid dehiscence or detachment of the deltoid muscle from the acromion with 

   Table 17.17    MRI artifacts related to surgery and implants   

 Surgery/implant  Artifact on MRI  Recommendation 
 Bioabsorbable implant (radiolucent)  None to mild  No change of protocol 
 Osteotomy (distal clavicula 
resection) 

 None to mild  No change of protocol 

 Metal anchors (cuff, labral repair)  Mild to moderate  Change of protocol may be required 
 Rod/plate  Moderate to severe  Change protocol or modality 
 Screw  Moderate to severe  Change protocol or modality 
 Burring (acromioplasty)  Severe  Change protocol or modality 
 Shrapnel/bullet  Severe  Change protocol or modality 
 Prosthesis  Severe  Change protocol or modality 

   Table 17.18    MARS protocol   

 Protocol change  Drawback  Usefulness 
 Increase bandwidth  Decreases SNR  High 
 Avoid GE  High 
 Use STIR instead of T2 FS  Gadolinium may be suppressed  High 
 Lower TE  High 
 Avoid FS  Moderate 
 Use lower fi eld strength  Reduced S/N  Low 
 Use larger matrix  Low 
 Use TSE instead of SE  Low 
 Swap phase/frequency  Low 
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pain and weakness on arm abduction is early postoperatively detected and has to 
be discriminated from retear (Fig.  17.72 ). MRI of tendon repair shows intermedi-
ate to low SI in the tendon related to granulation tissue and fi brosis, respectively 
(Figs.  17.71  and  17.72 ); with disturbed fi brillation on US, the morphology of the 
tendon is regular or irregular on MRI or US depending on the procedure and the 
tissue quality of the tendon related to preexistent tendinosis. Only 10 % of repaired 
tendons have a normal appearance on MRI. Mild superior subluxation of the 

a

  Fig. 17.71    End to end SSP tendon repair demonstrated on 1 T D-MRA. Increased SI on coronal 
PD WI FS with small low SI blooming artifact at area of suture ( arrow )       

  Fig. 17.72    Deltoid 
dehiscence after end to end 
cuff repair on 1 T 
D-MRA. Coronal intermedi-
ate T FS image demonstrat-
ing normal cuff but absent 
deltoid muscle       

 

 

17 Shoulder Imaging



368

humeral head may be related to capsular tightening, scarring, cuff atrophy, or 
bursectomy. Fluid in the subacromial-subdeltoid space is a nonspecifi c postopera-
tive fi nding. “Geyser sign” on postoperative MR images is a common fi nding 
secondary to injury of the acromial undersurface during surgery. Bioabsorbable 
sutures and anchors are increasingly used. They produce a signal void with small 
artifact, may be C shaped, and dissolve over time (Figs.  17.71  and  17.72 ). Release 
of the components in the joint is not necessarily abnormal. Fluid or contrast under 
the tendon repair area with displaced anchor may be a sign of too early resorption. 
Small full-thickness defects with communication of the glenohumeral joint and 
the SA-SD bursa are normal. Pathologic communications are larger than 1 cm and 
have retracted tendon with progression in follow-up examinations, anchor dis-
placement, muscle atrophy, large amounts of fl uid in the SA-SD bursa, and GH 
OA. MRA may produce misleading results through enhancing granulation and 
scar tissue at tendon anastomosis. Ultrasound may be used to evaluate the integ-
rity of a repaired rotator cuff tendon and constitutes a comparable alternative to 
MRI when evaluating the integrity of a rotator cuff repair. Clinical investigators 
should compare their postoperative ultrasound results with their postoperative 
MRI results for a certain time period to establish the accuracy of ultrasound before 
relying solely on ultrasound imaging to evaluate the integrity of their rotator cuff 
repairs (Codsi et al.  2014 ).   

17.3.5.2    Acromioplasty 
 Arthroscopic subacromial decompression is the method of choice for treatment of 
chronic extrinsic impingement. This procedure includes resection of the coracoac-
romial ligament (recently this ligament is preserved or reattached), anterior and 
posterior acromion resection, resection of acromioclavicular joint osteophytes, 
and, if necessary, distal clavicular resection. Evaluation of acromioplasty is done 
on sagittal images, except for the resection of the distal clavicula that is better 
evaluated on the axial imaging plane and results in widening of the acromiocla-
vicular distance by 1–2 cm. Postoperatively the undersurface of the acromion 
resembles Bigliani type I.  

17.3.5.3    Surgery for Instability 
 Bankart repair includes anteroinferior labral capsular repair. The anterior-inferior 
capsule may be shifted through inferior capsular shift procedure or with arthroscopic 
thermal shrinkage. The Latarjet procedure includes anterior glenoid bone augmen-
tation by the coracoid process including the short head of the biceps and coraco-
brachial muscle origin and is performed in case of failed capsular reconstruction. 
The short head of the biceps acts as a stabilizator in abduction and exorotation. 
Capsular thickening is a common fi nding after surgical repairs of instability and 
labral tears. In nonanatomic reconstructions labral and capsular lesions are not 
directly repaired, and abnormalities due to these lesions are still visible on postop-
erative post repair MRI.    
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17.4     Accuracy of MRI Compared to US 

 The diagnostic performance of C-MRI, D-MRA, and US may be similar for detection 
of any rotator cuff tears (Table  17.19 ) (Rutten et al.  2010 ). However, C-MRI, MRA, 
and US may have poor sensitivity for detecting (low-grade) partial-thickness tears, 
and the sensitivity of US may be much lower than that of MRI (Lenza et al.  2013 ).

   D-MRA and I-MRA show comparable sensitivities and specifi cities for rotator 
cuff and glenoid labrum pathology (Vahlensieck et al.  1998 ; Fallahi et al.  2013 ). 
We also found a high accuracy of I-MRA for FTT of the RC but lower accuracy 
(76–77 %) for PTT with lowest accuracy for low-grade tears at the bursal side. The 
major cause of error is the discrimination of tendinopathy and low-grade partial- 
thickness tear (Van Dyck et al.  2009 ). Obvious diagnostic advantages of I-MRA in 
comparison with direct arthrography are the detection of pathology through tissue 
enhancement: for example, the thickened and enhancing capsule in retractile capsu-
litis, thickening and enhancement of the SA-SB wall in subacromial bursitis, and 
enhancement of the wall of arthrosynovial ganglia. 

 MRA (direct and indirect) is the most accurate and sensitive available imaging 
method for the detection of labral tears (glenoid labrum, Bankart, and SLAP 
lesions). I-MRA is more and more regarded as a standard practice in patients with 
shoulder instability due to suspected labral pathology where further investigative 
imaging is indicated (Fallahi et al.  2013 ). 

 Recently comparable accuracy for anteroinferior labroligamentous lesions and 
SSP PTT was calculated comparing single D-MRA in ABER position and D-MRA 
by trained radiologists reducing the added value of ABER position (Schreinemachers 
et al.  2009 ). 

 MRA in the ADIR position provides high accuracy for the diagnosis of ALPSA 
lesions and complements routine MRA when used to diagnose labroligamentous 
lesions in patients with recurrent shoulder dislocations (Song et al.  2006 ). 

 Cartilage MRI offers only moderate accuracy. Best results are achieved with T2 
mapping and D-GEMRIC techniques. These techniques are not routinely used in 
daily clinical practice.     

   Table 17.19    US and MRI (C-MRI and D-MRA on 1.5 T) for the diagnosis of PTT and FTT RC 
tears   

 US  MRI 

 PTT (%)  FTT (%)  PTT (%)  FTT (%) 
 Sensitivity  89  95  67  100 
 Specifi city  80  93  86  91 
 ACC  81  94  94  94 
 PPV  40  88  43  85 
 NPV  98  98  94  100 

  Rutten et al. (2010)  
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