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: ) . SCIENTIFIC EXHIBIT

Labrocapsular Liga-
mentous Complex of
the Shoulder: Normal
Anatomy, Anatomic
Variation, and Pitfalls
of MR Imaging and MR
Arthrography!

Alan D. Massengill, MD + Leanne L. Seeger, MDD * Lawrence Yao,
MD « Amilcare Gentili, MD » Ronald C. Shnier, MB, BS, FRACR
Maitthew S. Shapiro, MD « Richard H, Gold, MD

Magnetic resonance (MR) imaging is a useful modality for evaluating the
labrocapsular ligamentous complex (LCLC) of the shoulder. MR arthrog-
raphy is an important and occasionally indispensable supplementary mo-
dality for accurate differentiation between normal and deranged gleno-
humeral joints. Because of the joint distention that occurs during MR
arthrography, it is especially helpful in detecting subtle capsular de-
rangement, as occurs in patients with atraumatic instability. Also, some
of the pitfalls associated with MR imaging of the LCLC are less likely to
occur with MR arthrography. Radiologists should look for several key
abnormalities when evaluating MR images of the shoulder; an anterior
or posterior Bankart lesion; a Hill-Sachs defect; a tear of the rotator cuff,
glenoid labrum, or superior labrum-biceps tendon attachment; and
loose bodies. Knowledge of normal anatomy, normal variations, and pit-
falls in image interpretation related to evaluation of the LCLC will help
the radiologist accurately detect debilitating derangements associated
with glenohumeral instability.

Abbreviations: FSE = fast spin echo, LCLC = labrocapsular ligamentous complex, MPGR = multiplanar gradient re-
cafled, SE = spin echo, SLAT = superior labrum, anterdor and posterior

Index terms: Shoulder, abnormaiities, 414.42 « Shoulder, anatonty, 414.13, 414,92 » Shoulder, acthrography,
414.12149 » Shoukder, injurics, 414.481 + Shoulder, MR, 414.1214
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B INTRODUCTION

Shoulder instability is a debilitating condition
that primarily affects young, active people. Mag-
netic resonance (MR) imaging has emerged as
an important modality for imaging the labro-
capsular ligamentous complex (LCLC) of the
shoulder. Knowledge of the normal anatomy of
this region, anatomic variations, and imaging
pitfalls will help prevent errors inn diagnosis of
LCLC lesions.

Glenohumeral instability has multiple
causes that can be divided into two major cat-
cgorics: traumatic and atraumatic (1). In the
former, an acute, traumatic anterior dislocation
is the initial event. These patients often develop
recurrent unidirectional instability. Cases of
atraumatic instability may have various underly-
ing causes, but all share several common fea-
tures (1,2): The instability is not associated
with a single major event but may be congenital
or due to repetitive microtrauma. It is often
multidirectional and may be bilateral. The
symptoms may be vague pain or perceived
weakness rather than a sensation of instability.

Identifying and separating these groups has
imporiant implications in management of pa-
tients with glenohumeral instability. A Bankart-
type repair is usually preferred for treatment of
traumatic, unidirectional instability (1). The ini-
tial treatment modality for atraumatic instability
is physical therapy and rehabilitation. If surgery
is required, an inferior capsular shift to treat
multidirectional instability or subacromial de-
compression to relieve secondary rotator cuff
impingement is usually indicated.

Preoperative imaging is not always required
for evaluation of instability, but certain patients
may benefit from MR imaging evaluation. These
inchude patients with multidirectional instabil-
ity, symptoms of concomitant rotator cuff dis-
ease (secondary impingement), or an equivocal
history or physical examination resulits, Elite
athletes who engage in strenuous overhead
overuse activities such as swimming, throwing,
or gymnastics often present a particular diag-
nostic challenge. Although they may have no
history of dislocation, physical examination
may elicit evidence of both glenohumeral insta-
bility and supraspinous tendon impingement.
The radiologist should look for several key ab-
normalities when evaluating the MR images.
The abnormalities of greatest interest to the re-
ferring physician include an anterior or poste-
rior Bankart lesion, Hill-Sachs defect, rotator
cuff tear, glenocid labral tear, superior labrum-

biceps tendon attachment tear (superior la-
brum, anterior and posterior [SLAP] lesion), and
loose bodies. A full discussion of imaging of the
abnormalities of glenohumeral instability is be-
yond the scope of this article, but a brief intro-
duction is included.

M MR IMAGING AND MR
ARTHROGRAPHY

MR arthrography should be considered a com-
plementary procedure to shoulder MR imaging.
We reserve MR arthrography for cases in which
surgery is being considered for clinically signifi-
cant glenohumeral instability and identification
of additional abnormalities may alter the treat-
ment plan. We find MR arthrography especially
useful in patients with atraumatic instability,
Without adequate distention of the joint cap-
sule, the subtle Bankart lesjons and capsular
abnormalities that are often present in these pa-
tients may not be evident, In these cases, the
information derived from MR arthrography is
superior to that derived from MR imaging with-
out joinit distention (Fig 1).

Arthrography should be performed immedi-
ately before the MR imaging portion of the ex-
amination. Bither gadolinium or saline may be
used for intraarticular contrast enhancement, al-
though the U.S. Food and Drug Administration
has not yet approved gadolinium for this pui-
pose (3). In our experience, saline-enhanced
MR arthrography and gadolininm-cohanced
MR arthrography are both effective. Saline-en-
hanced MR arthrography does not require insti-
tutional review board approval or informed
consent from the patient for use of an investiga-
tional drug. MR arthrography is performed by
using fluoroscopic guidance. Intraarticular posi-
tioning of the needle is confirmed with a small
amount of fodinated contrast material. Fifteen
to 40 mL of contrast material are then injected.
Patients undergoing MR arthrography may have
capacious joint cavities, and large amounts of
contrast material are often required for ad-
equate distention.

We use the same imaging protocol for rou-
tine MR imaging and MR arthrography with sa-
line contrast material. Our standard imaging
protocol includes coronal oblique, axial, and
sagittal oblique T2-weighted images and an
axial gradient-echo sequence. The axial se-
quences are most valuable for evaluating
Bankart lesions and most labral injuries. Coronal
oblique and sagittal oblique images best depict
the rotator cuff and supraspinous muscle outlet,
Coronal oblique and axial images are used to
evaluate the attachment of the tendon of the
long head of the biceps muscle and the supe-
rior labrum.
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a. b.

Figure 1. (a) On an axial multiplanar gradientrecalled (MPGR) image (S00/10 [repetition time msec/echo
time msec], 30° flip angle) obtained before injection of contrast material, labral attenuation and irregularity of
the glenoid capsular attachment are suggested. (b) On an axial MPGR image (500/10, 30° ilip angle) obtained
after injection of contrast material, stripping of the anterior capsule (arrow) and an incompetent middle gleno-

humeral ligament (arrowhead) are clearly demonstrated.
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Figure 2. Drawings of the LCLC from the lateral (a) and anterior (b) perspectives. (Figure 2b reprinted, with
permission, from reference 5.) In a, GHL = glenohumeral igament; in b, Fg, = ligament, &. = band, #. = muscle,
Sup. = superior, Mid, = middle, fnf. = inferior, Subscap. = subscapular, Coracobum. = coracohumeral, gleno-
Bum. = glenohumeral.

H ANATOMY OF THE LCLC rior portion of the inferfor glenohumeral liga-
The anterior LCLC is composed of the anterior ment, and the posterior rotator cuff muscles and
labrum and glenoid fossa, anterior capsule, an- tendons (Fig 2). Injury to any of these structures
terior glenohumeral ligaments, and subscapular may contribute to glenchumeral instability.

musculotendinous unit (4,5). The posterior
LCLC is composed of the posterior labrum and
glenoid fossa, the postetrior capsule and poste-
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Figﬁl'e 3. Axial (1,800/70) (a), coronal oblique (1,800/70) (b, ¢, and sagittal oblique (500/15) (d) spin-echo
(SE) images show the superior glenohumeral ligament (solid acrow in a and b)-and coracohumeral ]igament (ar-
rowhead in ¢ and d): The tendon of the long head of the biceps muscle (open arrow in b) is also slmwn.

The superior, middle, and inferior glenohu-
meral ligaments are focal thickenings of the an-
terior joint capsule that form a “Z,” with the
middie glenohumeral ligament as the oblique
band (Fig 2b) (5). The superior glenohumeral
ligament extends from the superior glenoid
fossa-—just anterior to the origin of the tendon
of the long head of the biceps muscle—to the
lesser tuberosity, where it blends with the cora-
cohumeral ligament (Fig 3a, 3b). The coracohu-
meral ligament originates from the lateral mar-
gin of the coracoid process and blends with the
transverse humeral ligament as it crosses the
upper aspect of the bicipital groove (Fig 3c,

3d). The coracoliumeral ligament and superior
glenohumeral ligameni are minor contributors
to the stability of the abducted glenohumeral
joint (1). The superior glenohumeral ligament
may have a more important role in the stability
of the adducted shoulder (6).

The middle glenohumeral ligament is the
most variable glenohumeral ligament in both
size and constancy (5). It may originate from
the labrum or neck of the glenoid fossa, and it
courses deep to the subscapular tendon to -
blend and insert with the posterior aspect of
this teridon at the base of the lesser tuberosity

 (Fig 4). The middle glenohumeral ligament may

be attenuated or absent in up to 30% of shoul-
ders (1). It is an important secondary stabilizer
of the glenohumeral joint, particulaily when
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Figure 4. Axial MPGR image (400/10, 30° flip
angle) shows the middle glenohumeral ligament (ar-
row) between the anterior labrum and subscapular
tendon.”

Figure 5. Drawings of the normal variations of the
anterior capsular attachment. f = type I, IT = type II,
I = type 1.

Figure 6. Axial fast SE (FSE) image (3,000/90)
shows the anterior labral attachment site of the nor-
mal inferior glenohumeral ligament (arrow).

the humerus is at 45° of abduction and exter-
nally rotated. The middle glenohumeral liga-
ment is frequently injured during anterior gle-
nohumeral dislocations,

The variable origins of the middie glenohu-
mera] ligament and anterior capsule have been
classified into three types (Fig 5) (1,7). In our
opinion, it is only when the joint is distended
that these different types can be differentiated.
The type I capsule is the most common (75% of
cases). It may cither attach at the labral tip or
blend with the labrum near the base. The type
IT capsule attaches to the glenoid fossa within a
short distance of the labral basc. The type 11T
capsule attaches more medially along the scap-
ular neck and may predispose to instability (7).
We believe that a large anterior pouch (con-
genital or acquired) or an anterior capsular tear
that has healed may appear identical to a type
1II capsule.

The inferior glenohumeral ligament is the
primary shoulder stabilizer beyond 60° of ab-
duction (5). It is considered the most important
single component of the LCLC for maintaining
glenohumeral stability, The inferior glenohu-
meral ligament originates from the entire infe-
tior glenoid labrum and inserts along the infe-
rior anatomic humeral neck. It is inseparable
from the labram and adjacent glenoid fossa (Fig
6). The inferior glenohumeral ligament is com-
posed of focal anterior and posterior bands and
forms an inferior recess (the axillary pouch)
(Fig 2a).

November 1994
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(a) and round (b).

The glenoid fossa is covered with hyaline
cartilage (Fig 7) and is shallow in relation to the
humeral head. The fibrous labrum deepens and
enlarges the glenoid fossa (7). The labruom may
have a variable appearance on cross-sectional
images, being triangular, rounded, crescentic,
thinned, or absent (Fig 8) (8-14). We have not
found notching or cleavages to be common
variations. A thinned or absent labrum may re-
flect aging or osteocarthritis or may be associ-
ated with recurrent subluxation or dislocation
(8,13).

Figures 7, 8. (7) Cadaveric sections in the axial (a) and coronal (b) planes show hyaline cartilage (arrow) un-
dercutting the labrum and completely covering the articular surface of the glenoid fossa. (8) Axial MPGR im-
ages (550710, 30" flip angle) show two of the shapes of the fibrous labrum (arrow?) in cross section: triangular

Figure 9. Sagittal oblique FSE image (2,000/85)
shows joint fluid in the rotator cuff interval ().
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a. b.

Figure 10 Coronal oblique (1,800/15) (a) and axial (1,500/15) (b) SE images show articular cartilage (arrow)
undercuiting the labrum. This appearance may mimic that of a labral tear.

L o TS
Figure 11. Axial SE image (2,200/15) shows nor-
mal fattening of the humeral head near the junction
with the shaft (arrow), a finding that simulates a Hill-
Sachs deformity.

A number of normal recesses may be identi-
fied when the joint is filled with fluid. These in-
clude the subscapular recess, anterior and pos-
terior pouches, axillary recess, and rotator cuff
interval (Fig 9).

B IMAGING PITFALLS AND NORMAL
VARIATIONS

A number of pitfalls in MR image interpretation
and potentially confusing anatomic variations
have been described, which may mimic the le-

sions of glenohumeral instability (2,4,7-14). We
have found that some of these pitfalls are less
likely to occur with MR arthrography. We
present some of our more challenging cases
that illustrate potential shortcomings of MR im-
aging and MR arthrography.

The articular cartilage of the glenoid fossa
undercuts the labrum and may be confused
with a labral tear (Fig 10). A normal Iabral at-
rachment can vsually be identified at the pe-
riphery of the glenoid fossa. True labral tears
will extend to the outer labral surface and are
often seen on more than one image.

A normal flattening of the posterior humeral
head occurs at its function with the humeral
shaft, and this appearance may simutate a Hill-
Sachs deformity (15). This “pscudo-Hill-Sachs
lesion” (Fig 11) occurs in the same general pos-
terolateral position as a true Hill-Sachs lesion,
but its location is more inferior. A true Hill-
Sachs lesion is scen at or above the level of the
tip of the coracoid process.

The middle glenohumeral ligament courses
immediately adfacent to the anterior labrum
and has similar signal intensity characteristics.
As a consequence, the middle glenohumeral
ligament may appear to represent a portion of
the labrum, and a small amount of synovial fluid
between these two structures may simulate a

November 1994
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Figure 12. Contiguous axial MPGR images (500/10,
30° flip angle) from inferior (a) to supericr (¢) show

the middie glenohumeral ligament (arrow) simulating
a labral tear as it passes near the anterior labrum.

labral tear (Fig 12) (2). In the nondistended
joint, the middle glenohumeral ligament can
usualiy be identified by observing its oblique
course ont consecutive images. When the joint
capsule is distended, the middle glenohumeral
ligament is usually displaced away from the la-
brum.

Multiple synovial folds in the axillary pouch
and elsewhere in the shoulder joint may resem-
ble loose bodies (Fig 13). Their multiplicity and
uniformly small size provide clues to their true
identity. Loose bodies are usually larger, may be
visible on radiographs, and may be identificd by
means of enhanced magnetic susceptibility on
gradient-echo images.

During MR arthrography, injected fluid may
lift the central portion of the superior labruom
from the underlying articutar cartilage, simulat-
ing a superior labral detachment (Fig 14). If this
is the case, a normal labral attachment should be

present peripherally, and a normal tendon of
the long head of the biceps muscle should be
seen on adjacent images.

The inferior glenohumeral ligament attaches
directly ont the labrum. Occasionally, an unex-
plained focus of increased signal intensity may
be seen near this attachment (Fig 15). This fo-
cus may represent partial volume averaging.
Joint fluid within this interval would indicate a
Bankart lesion. A tear with fibrosis and scarring
might have an appearance similar to that in Fig-
ure 15, and evaluation of adjacent images is re-
quired to exclude a tear.

1218 M Scientific Exhibit
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a. b.

Figure 13.  Axial (500/25) (a) and coronal oblique (2,000/30) (b) gadolinium-enhanced SE images show syno-
vial folds (arrow) in the axillary recess, simulating loose bodies. The inferfor glenohumeral ligament (arrowhead
in b) isalso seen.

a. b.
Figure 14. Coronal oblique (2,000/30) (a) and axial (500/25) (b) gadolinium-enhanced SE images show joint

fluid (arrow) interposed between the labrum and articular cartilage, a normal finding that may be confused with
a superior labral detachment.

Figure 15. Gadolinium-enhanced axial SE image
(350/25) shows increased signal intensity (arrow) near
the inferior glenohumeral ligament attachment; fluid
does not enter this interval. This appearance simulates
that of a tear with fibrosis and scarring.

November 1994 Massengilletal B RadioGrapbics W 1219
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Posterior capsular abnormalities are not un-
common in patients with either traumatic or
atraumatic instability (1). Normally, the poste-
rior capsule inserts directly into the apex of the
posterior labrum. Figure 16 illustrates a poste-
rior capsule that appears to insert at the labral
base. The patient had recently experienced an
acute traumatic dislocation. We are not certain
whether the findings in this case reflect our in-
ability to resolve the capsular insertion or repre-
sent a pathologic condition. Similar posterior
capsular attachments have been noted in sev-
eral cases evaluated with MR arthrography, and
we suspect that this may be a normal finding in
a distended joint.

A prominent anterior or posterior pouch
may be seen as a normal variation in an asymp-
tomatic individual. These enlarged pouches
may also represent the primary capsular abnor-
mality in a paticnt with atraumatic instability
(Figs 17, 18). Supportive secondary signs of in-
stability such as a Hill-Sachs-equivalent lesion
or Bankart lesion may help identify the latter
group of patients.

Figure 18 is an image from the MR arthro-
graphic examination of the shoulder of a 21-
year-old competitive swimmer. She presented
with impingement-type shoulder pain and ante-
rior instability but had no history of dislocation.
The capsule appeared to attach medially along
the neck of the glenoid fossa, suggesting either

18.

Figures 17, 18. (17) Axial FSE image (2,500/84) of a competitive swimmer who experienced shoulder pain
shows an enlarged anterior pouch (arrow). It was not clear whether this abnormality was a component of in-
stability or was vital to the patient’s high-level performance. No secondary signs of instability were identified.
(18} Axial FSE image (3,000/90) of a 21-year-old competitive swimmer, who presented with pain and instability
but no history of dislocation, shows a surgically proved capacious anterior capsule (arrow) with a type I attachment.

N

Figure 16. On an axial MPGR image (400/10, 30°
flip angle), the posterior capsule appears to attach
to the glenoid fossa (arrow) rather than the labrum;
this may be a normal finding in a distended joint. A
Bankart lesion is noted anteriorly (arrowheads).

chronic anterior capsular stripping or a type 1
capsular insertion, either of which might con-
tribute to instability. At arthroscopy, the cap-
sule appeared to attach normally on the ante-
rior labrum (type I attachiment), and the ante-
rior pouch was markedly capacious. Since this
patient relied on excessive laxity of the gleno-
humeral joint for athletic proficiency, she was
treated with subacromial decompression and
rehabilitation rather than capsular plication.
Commonly, the redundancy of the anterior cap-
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Figure 19.' Precontrast (a) and postcontrast (b) axial MPGR images (400/10, 30° flip angle) show an appar-
ently torn anterior labrum (arrow). No Iabrat tear was identified at arthroscopy.

a

Figure 20. Axial SE itnages (1,500/70) show the characteristic features of Bankart lesions (a) and Bankart frac-
tures (b): stripping of the anteroinferior capsule ¢solid arrow) and avulsion of the anterior labrum (arrowhead).
In the lesion shown in b, a portion of the glenoid fossa (open arrow) is displaced with the labrum.

sule may obscure the true capsular attachment
in a nondistended joint. Occasionally, the at-
tachment site of a capacious anterior capsule
may remain obscured despite adequate joint
distention.

The base of the anterior labrum appears
separated from the rim of the glenoid fossa on
the pre- and postcontrast images shown in Fig-
ure 19, At arthroscopy, the labral attachment
was not detached, and no capsular abnormali-
ties suggesting a Bankart lesion were identified.
This case shows that MR imaging and MR ar-
thrography may not always enable one to differ-

entiate articular cartilage or a labral foramen
from a detached labrum, unless there is ade-
quate displacement of the labrum from the rim
of the glenoid fossa (16).

B CLINICAL QUESTIONS AND CRITI-
CAL LESIONS

The Bankart lesion is the cardinal lesion of trau-
matic anterior dislocation (1,17). It consists of
detachment of the capsule, inferior glenohu-
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Figares 21-23. (21} Axial SE image (1,700/15)
shows a Hifl-Sachs lesion (arrow) that resulted from a
traumatic anterior dislocation. The defect of the pos-
ierolateral humeral head is at the level of the cora-
coid process. {22) Axial FSE image (2,500/90) shows
fluid beneath the posterior labrum (arrow), consis-
tent with a labral tear or avulsion. This abnormality
is an important indicator of the full extent of the pos-
terior capsular derangement in this patient with mul-
tidirectional instability. (23) Coronal oblique SE im-
age (1,800/15) of a competitive gymnast shows an
advanced SLAP lesion. Partial avulsion of the origin
of the tendon of the long head of the biceps muscie
{arrow) is accompanied by a bucket-handle tear of
the superior labrum (arrowhead), which is displaced
into the joint.

meral ligament, and labrum from the anterior
glenoid fossa and stripping of the periosteum
from the anterior scapula (Fig 20). Although
classically associated with traumatic instability,
the Bankart lesion may also be found in patients
with atrawmatic instability. Additional structural
abnormalities of instability may include a redun-
dant inferjor capsule, stretching of the joint cap-
sule, and avulsion of the subscapular tendon.
The rim of the glenoid fossa may be fractured in
traumatic dislocation, the so-called bony Bankart
lesion or Bankart fracture (Fig 20b) (18).

The Hill-Sachs lesion, an impacted fracture
of the posterosuperior humeral head, is strong
evidence of a previous dislocation (Fig 21) (15).
Hill-Sachs defects larger than 50% of the articu-
lar surface of the humeral head may alter the
surgical treatment plan. In our experience, pa-
tients with atraumatic instability and no history
of frank dislocation often have marrow edema

or subchondral sclerosis in a location that sug-
gests a Hill-Sachs-equivalent lesion.

Banlart (17) considered the labral avulsion,
tear, or attenuation that accompanies glenohu-
meral dislocation to be of secondary impor-
tance. It is now thought that assessment of the
integrity of the labrum is one of the most im-
portant steps in determining the integrity of the
capsular ligaments (Fig 22) (1). Labral tears may
also be a source of pain; this is referred to as
functional instability (1). Such tears are often
surgically repaired along with the capsule and
ligaments. Injuries of the superior labrum and
the tendinous origin of the long head of the bi-
ceps muscle are known as SLAP lesions (Fig
23). SLAP lesions are thought to occur after an
acute compression or traction injury (19-21).
In some instances, labral tears and SLAP lesions
are important contributors to or causes of gle-
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nchumeral instability, We believe, however,
that most lzbral tears and SLAP lesions are
caused by or represent sequelae of glenohumer-
al instability and, as such, are important imaging
signs of derangement of the more important
capsular structures.

B CONCLUSION

MR imaging and MR arthrography are useful in
evaluating the LCLC of the shoulder. MR ar-
thrography is especially helpful in detecting
subtle capsular derangement. Knowledge of
normal anatomy, normal variations, and pitfalls
in image interpretation related to evaluation of
the LCLC will help the radiologist accurately de-
tect debilitating derangements associated with
glenohumeral instability.
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