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INTRODUCTION

The complexity of the shoulder joint is best appreciated
from our understanding of how shoulder anatomy and

Jon J. P. Warner

biomechanics are intrinsically related to the pathophysiology
of shoulder instability. A multidisciplinary collaboration
between surgeons, biomechanical engineers, anatomists,
biochemists, and several other basic scientists is responsible
for recent progress in these areas. Advances in experimental
and clinical testing protocols have improved the current
understanding of shoulder anatomy and biomechanics
tremendously. No longer is our understanding of shoulder
instability based on anecdotal and qualitative clinical
experiences documenting shoulder pathology. A plethora
of gross and histologic cadaveric studies, radiographic
studies, and biomechanical studies now provides a sound
foundation to understand how a minimally constrained
articulation can balance mobility and stability. Alterations
in any of the anatomic or biomechanical factors requisite
for shoulder stability provide the pathogenesis for clinical
instability.

The purpose of this chapter is to review the current
anatomic and biomechanic factors that control gleno-
humeral joint motion and stability. Because anatomy and
biomechanics are two interdependent disciplines, they
will be discussed together as each of the relevant struc-
tures is reviewed. A deeper understanding of this relation
will provide substantive data critical to classify and appre-
ciate the pathophysiology of glenohumeral instability.
More importantly, the application of anatomic and bio-
mechanic principles provides a rational approach to the
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282 Part Il: Glenohumeral Instability

treatment of glenohumeral instability for optimal func-
tional restoration.

DEFINING THE PROBLEM

Laxity is asymptomatic, passive translation of the humeral
head on the glenoid as determined by clinical examination
and is unassociated with pain. Laxity is required for nor-
mal glenohumeral motion and may be affected by age,"’
gender, and congenital factors. In general, laxity changes
with the position of the arm. At the extremes of rotation,
the static restraints tighten and decrease laxity. Whether
laxity is a risk factor for the development of clinical insta-
bility is a matter of debate.'®

Instability is a pathologic condition that manifests as
pain or discomfort in association with excessive translation
of the humeral head on the glenoid fossa during active
shoulder motion. Both clinical®®**"* and experimental
studies®* > 87149224 28.559.207 demonstrate a wide range of
normal “play” in the glenohumeral joint; thus, it is the
association with symptoms that clearly separates instabil-
ity from excessive laxity. A spectrum of instability exists,
representing increasing degrees of injury and dysfunction
of the dynamic and static factors that function normally to
contain the humeral head within the glenoid. Patients with
multidirectional instability subluxate or dislocate in multi-
ple directions, with concurrent reproduction of symptoms
in at least two directions. Symptoms typically occur at
midrange positions of glenohumeral motion, and often
are associated with activities of daily living.'*?** Recently,
stability has been quantified as the force required to sublux
the joint by a specified amount of translation. This has
facilitated the study of the combined effects of muscle and
capsular loads to joint stability and, therefore, represents
an important advance in modeling the in vivo mechanical
environment of the glenohumeral joint.?* 43"

ANATOMIC AND BIOMECHANIC
CONSIDERATIONS

Anatomic control of glenohumeral joint stability can be
divided into static (e.g., ligaments and tendons) and
dynamic (e.g., muscular contraction) factors (Table 9-1).
The cooperative role that these factors play is complex, and
no single factor is responsible for glenohumeral joint sta-
bility. Similarly, no single lesion is responsible for clinical
instability (Table 9-2). Contemporary approaches to the
treatment of glenohumeral joint instability are directed at
restoring normal anatomy and biomechanics, as opposed
to simply constraining motion, as has been historically
described.****

Establishing criteria for “normal” and “pathologic” con-
ditions of the glenohumeral joint is often difficult owing

 TABLE 9-1

FACTORS MAINTAINING JOINT STABILITY

Static Factors

Articular components
Articular version
Glenoid labrum

MNegative intraarticular pressure

Adhesion—cohesion
Capsule and ligament
Rotator cuff

Dynamic Factors

Rotator cuff
Biceps brachii
Scapular rotators
Proprioception

& : -
o

NORMAL AND ABNORMAL ANATOMY
AND BIOMECHANICS

Stability Factor

Pathoanatomy

Glenoid version

Humeral version

Articular congruity

Labrum

Capsuloligamentous

Negative intraarticular
pressure

Rotator cuff deficiency
Biceps

Scapulothoracic motion

Congenital: abnormal version;
dysplasia
Fracture causing abnormal version

Congenital: abnormal version;
dysplasia

Fracture/surgery causing abnormal
version

Congenital: dysplasia
Acquired: fracture, Bankart lesion,
osteoarthritis

Bankart lesion
"Fraying" secondary to laxity

Traumatic tear, cumulative
microtrauma with plastic
deformation

Congenital laxity

Loss of proprioceptive feedback

Capsular tear
“Rotator interval” defect
Lax capsule

Traumatic tear, cumulative
microtrauma

SLAP lesion
Tendon rupture

Dyskinesis: fatigue and weakness
of serratus
Long thoracic nerve palsy

SLAP, superior labrum from anterior to posterior.
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to the considerable individual variation in capsuloliga-
mentous anatomy” >4 180.182.258.259 354 in inherent shoul-
der laxity.**®*#>'%% Dynamic factors (i.e., rotator cuff and
biceps) are affected by their level of conditioning and
strength. Scapulothoracic motion®® is a more subtle, but
equally important, dynamic factor helping to maintain
shoulder stability. To add to this complex equation, an
interaction between static capsuloligamentous factors and
dynamic muscular factors, mediated through propriocep-
til}ﬂ, hﬂS bEEﬂ pmstulated125,42.I.’is.l.’t{m.liw.iﬂ.iil

Anatomic and biomechanic dysfunction leading to
glenohumeral instability results from varying levels of
applied stress (i.e., a single traumatic event vs. cumulative
microtrauma), the relative risk of injury associated with an
activity, the quality and integrity of the static stabilizers,
and the strength and conditioning of the dynamic stabiliz-
ers. An individual's “susceptibility” for glenohumeral
instability is dependent on these factors, each of which will
be discussed in the following sections. The consequences
of deficiency of any one component will be presented.

Static Factors

Articular Version

Both arthrographic and roentgenographic studies have
characterized the relation between the humeral head and
the glenoid surface of the scapula. With the arm hanging at
the side in an adducted position, the scapula faces 30
degrees anteriorly on the chest wall and tilts 3 degrees
upward relative to the transverse plane and 20 degrees for-
ward relative to the sagittal plane (Fig. 9-1).""" As described
by Saha,”® in 75% of persons the average glenoid orientation

L O P T e .

is in 7 degrees of retroversion, with 25% of persons having
anteversion ranging from 2 to 10 degrees. Churchill*’ et al.
evaluated 334 cadaveric scapulae and found that Cau-
casians have more retroversion than African Americans.
Further, there is no difference in retroversion seen between
males and females. Saha”" and others'* have observed that
the glenoid has an average superior tilt of 5 degrees (Fig.
9-2). Scapular inclination may have a contributory role in
controlling inferior stability.?*” However, the difficulty in
interpreting these studies arises from a wide range of
interindividual variability, the reproducibility of tech-
niques used to measure these factors, and an unknown rel-
ative contribution to clinical instability.

Recently, the anatomy of the proximal humerus has
been significantly clarified. Saha”® was one of the first to
radiographically show that the neck-shaft angle averages
130 to 140 degrees and retroversion averages 30 degrees
relative to the transepicondylar axis of the distal humerus
(see Fig. 9-2).

Walch et al.,””* using a micron precision probe and a
computer to render a three-dimensional image of 65
humeri, determined that the inclination of the articular
surface varies between 114 and 147 degrees with an average
value of 130 degrees. In this same study, the average
humeral retroversion measured 17.9 degrees (range, -6.5 to
47.5 degrees).

Articular Conformity

The glenohumeral joint in the adult consists of the
humeral head and glenoid surface of the scapula. Under-
standing the glenoid and humerus as separate, but interde-
pendent, congruent structures is integral to appreciate how

Figure 9-1 Scapular orientation
on chest wall. (Left) 30 degrees
anterior. (Right) 3 degrees upward.
(Adapted from Warner JJP. The
gross anatomy of the joint surfaces,
ligaments, labrum and capsule.
In: Matsen FA Ill, Fu FH, Hawkins RJ,
eds. The shoulder: a balance of
mobility and stability. Rosemont, IL:
American Academy of Orthopaedic
Surgeons, 1993:9.)
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Figure 9-2 (Left) Superior tilt of the glencid (see text). (From Warner JJP. The gross anatomy of
the joint surfaces, ligaments, labrum and capsule. In: Matsen FA |ll, Fu FH, Hawkins RJ, eds. The
shoulder: a balance of mobility and stability. Rosemont, IL: American Academy of Orthopaedic Sur-
geons, 1993:9, with permission.) (Center and right) Glenoid and humeral version, and neck-shaft
angle of proximal humerus (see text). (Adapted from Warner JJP, Caborn DNM. Overview of shoul-
der instability. Crit Rev Phys Rehabil Med 1992;4:145-198.)

these two joint surfaces can maintain stability yet provide
for a relatively large range of motion. Congruence can be
defined as the difference in the radii of the humeral head
and the glenoid articulating surfaces. The closer the differ-
ence is to 0, the more congruent is the joint.”*?*? This con-
gruent articulation provides the foundation for the rotator
cuff to establish a concavity-compression effect as it
dynamically compresses the convex humeral head into the
matched concavity of the glenoid.'"” Furthermore, as an
extension of the glenoid, the labrum functions to increase
the depth and surface area of the glenohumeral articula-
tion, enhancing this effect.”®

The glenoid surface is “pear-shaped,” similar to an
inverted comma, being approximately 20% narrower supe-
riorly than inferiorly (Fig. 9-3). The average vertical and
transverse dimensions are 35 and 25 mm, respectively.*’ In
contrast, the larger humeral head has vertical and trans-
verse dimensions averaging 48 and 45 mm, respectively.'®"

Approximating a sphere, the humeral head has a surface
area that is three times that of the glenoid.”*” In any posi-
tion of rotation there is a surface area mismatch such that
only 25% to 30% of the humeral head is in contact with
the glenoid surface.”” In other words, the glenoid’s rela-
tively smaller surface area is insufficient to cover the
humeral head. This emphasizes the importance of the soft
tissues and muscles surrounding the joint in providing sta-
bility during shoulder function.

Walch and Boileau?®® determined that the humeral
head is comparable to a sphere in 90% of the 160 humeri
they examined, with the articular surface constituting
about one-third of the sphere. The diameter of the head
was variable with an average of 43.2 mm (range, 36.5 to
51.7 mm) with an articular cartilage thickness on average
of 15.2 mm (range, 12 to 18 mm). They demonstrated that
the spherical humeral head sits with a frontal plane medial
offset of 6.9 mm on average (range, 2.9 to 10.6 mm) and a
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Figure 9-3 The “pear-shaped” face of the glenoid that articu-
lates with the humeral head. (From Boardman ND lll, Fu FH. Shoul-
der biomechanics. In: McGinty JB, Caspari RB, Jackson RW,
Poehling GG, eds. Operative arthroscopy. Philadelphia: Lippincott-
Raven, 1996:627, with permission.)

sagittal plane posterior offset of 2.6 mm (range, 0.8 to 6.1
mm ). These parameters, however, may have more implica-
tions for shoulder arthroplasty design than for shoulder
stability. Similarly, lannotti et al."” reported that the
humeral head approximates a sphere in the central articu-

lar areas and becomes slightly elliptical peripherally. Varia-
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tions in these findings and their effect on the pathophysi-
ology of shoulder instability are not clearly understood.

Conceptually, the glenohumeral joint has been com-
pared to a “golfball sitting on a tee”'®" (Fig. 9-4). This anal-
ogy is based on historical beliefs sighting the relatively
small area of the glenoid and its relative shallowness com-
pared with the humeral head, allowing only a limited por-
tion of the humeral head to contact the glenoid in any sin-
gle shoulder position.**?*%? [n fact, the articular surfaces
of the humeral head and glenoid are almost perfectly
matched with a congruence within 3 mm, with deviations
from sphericity of less than 1%.'°***? Additionally, the car-
tilage of the glenoid is thicker peripherally, and thus, plain
radiographs tend to underestimate the relative concavity of
the glenoid. This would imply that the glenohumeral joint
would function similar to a ball-and-socket articulation as
described by Kelkar et al."®"?

Although some coupled translation occurs at the
extremes of glenohumeral rotation,***>'*” tracking of the
geometric center of the cartilaginous articular surface with
simulated muscle forces actually approximates ball-in-
socket motion."” In the stable shoulder, external and inter-
nal rotation is associated with posterior and anterior
humeral head translation, respectively. These relations may
be altered in the unstable shoulder. McMahon et al.,"”* in an
elegant model using a dynamic shoulder testing apparatus,
measured muscle force values and tendon excursions across
the glenohumeral joint during abduction in the scapular
plane. They determined that humeral head translations on
the glenoid were less than 2 mm under all testing conditions
used and that the joint does behave kinematically as a “ball-
and-socket” articulation during glenohumeral abduction.
The importance of these findings is that articular incongru-
ency is probably less of a predisposing factor for instability

Figure 9-4 Analogy of the glenchumeral
joint to a golf ball and tee. (From Boardman
ND Ill, Fu FH. Shoulder biomechanics.
In: McGinty JB, Caspari RB, Jackson RW,
Poehling GG, eds. Operative arthroscopy.
Philadelphia: Lippincott-Raven, 1996:627,
with permission.)
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than is surface area mismatch, as seen in glenoid dysplasia
or glenoid fracture.”® 1241382345 Additionally, the integrity
of the soft tissues influences coupled translation, and this
may also be a greater predisposing factor to instability than
is articular incongruency.”” %4>

Glenoid Labrum

The relative lack of depth and surface area of the bony gle-
noid is compensated by the fibrous labrum acting to main-
tain normal glenohumeral biomechanics. As determined
by Cooper et al.,” the labrum is a fibrous ring attaching to
the glenoid articular cartilage through a narrow fibrocarti-
laginous transition zone. Above the glenoid equator, the
labrum is relatively more mobile. In contrast, below the
equator, the labrum is more consistently tightly attached to
the glenoid articular cartilage. The tendon fibers of the
long head of the biceps brachii blend with the superior
labrum, and the inferior glenohumeral ligament (IGHL)
blends into the inferior labrum. Cooper et al.” examined
the vascular supply of the labrum and found that the supe-
rior and anterosuperior parts of the labrum were less vas-
cular than the posterosuperior and inferior portions. Blood
supply was limited to the periphery.

The labrum contributes to stability of the glenohumeral
joint through several mechanisms. It acts as an anchor
point for the capsuloligamentous structures.”'***** How-
ell and Galinat™ have shown how the labrum enhances
stability by deepening the concavity of the glenoid socket
to an average of 9 and 5 mm in the superoinferior and
anteroposterior planes, respectively (Fig. 9-5). Loss of the
labrum decreases the depth of the socket by 50% in either
direction. Functionally, this acts as a “chock-block” pre-
venting the head from slipping over the edge of the gle-
noid. Resection of the labrum reduces resistance to transla-
tion by 20%, and it is especially etfective in doing so in
combination with joint compression in the midrange of
glenohumeral motion.""*'" The labrum also acts to
increase the surface area of contact, acting as a load-bearing

Y

Figure 9-5 Glenoid labrum increases the surface area and depth
of the glenoid socket. (Adapted from Warner JJF, Caborn DNM.
Overview of shoulder instability. Crit Rev Phys Rehabil Med
1992;4:145-198.)

structure similar to the function of the meniscus in the
knee.****" Unlike the meniscus, however, the labrum lacks
the microscopic architecture to disperse hoop stress and,
therefore, is unlikely to effectively bear load.

Vanderhooft et al.””” and Bowen et al.’” have shown that
the labrum plays a significant stabilizing role during rotator
cuff contraction, facilitating the concavity-compression
mechanism as the humeral head is compressed into the gle-
noid. Lazarus et al."*" have defined a stability ratio, a measure
of the effectiveness of concavity—compression in the stabi-
lization of the glenohumeral joint, as the ratio between the
maximum dislocating force that can be stabilized in a given
direction and the load compressing the head into the gle-
noid. They determined that by creating a chondral-labral
defect, an 80% reduction in the height of the glenoid
occurred, with a concomitant reduction in the stability ratio
of 65% for translation in the direction of the defect.

A Bankart lesion represents a lesion of the labrum corre-
sponding to the detachment of the anchoring point of the
IGHL and middle glenohumeral ligament (MGHL) from the
glenoid rim.'**"* A Bankart lesion disrupts the concavity-
compression effect during rotator cuff contraction, elimi-
nates the “chock-block” effect, and decreases the depth of
the socket by 50% with detachment of the capsuloliga-
mentous structures. This lesion should not be confused
with the normal anatomic variants of a sublabral sulcus
underneath a cord-like MGHL, the Buford complex,”” or a
loosely attached labrum superiorly. Whether the Bankart
lesion is the “essential lesion” leading to recurrent anterior
instability, as suggested by several authors, is currently a
topic of interest.'”**'** Isolated detachment of the labrum
as a singular entity leading to recurrent instability was chal-
lenged early in the literature by Townley*"” and then by
Speer et al.”** Normal variations of the capsulolabral com-
plex occur commonly.

The difference between acute and chronic shoulder
instability is important clinically. In acute shoulder insta-
bility, the authors feel that the labrum is the “essential”
lesion. In a classic article by Arciero et al.,” repair of the
Bankart significantly reduced the recurrence rate of ante-
rior shoulder dislocation. In patients with chronic anterior
instability, it is the capsule and labrum combined, or cap-
sulolabral tissue, that is the essential lesion.'*"

Pagnani et al.'” have demonstrated the importance of the
superior portion of the glenoid labrum. In a cadaver study,
isolated lesions of the anterosuperior portion of the labrum
did not have a significant effect on glenohumeral translation.
However, complete lesions of the superior portion of the
labrum associated with destabilization of the biceps insertion
resulted in significant increases in anteroposterior and super-
oinferior glenohumeral translations in the lower and middle
ranges of elevation. The implications of these findings are that
destabilization of the glenoid insertions of the superior gleno-
humeral ligament (SGHL), MGHL, and biceps insertion may
be associated with subtle increases in translation and may be
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related to the symptoms present in patients who have
isolated lesions of the superior labrum.'”*#**

Negative Intraarticular Pressure

In normal shoulders, a relative vacuum exists as a result of
high osmotic pressure in the interstitial tissues, causing
water to be drawn out of the glenohumeral joint."*” As the
articular surfaces are pulled apart, a suction effect develops
to resist further displacement. The magnitude of this nega-
tive pressure has been shown to be about -42 cm of water
in the adducted and relaxed shoulder. This increases to -82
cm of water during the application of a 25-N inferior force
applied to the cadaver shoulder.’” Negative intraarticular
pressure becomes especially important when the rotator
cuff is not contracting or when tension has not developed
in the superior and coracohumeral ligaments during
glenohumeral motion.

Pathologic conditions may include those that cause vent-
ing of the glenohumeral joint, leading to inferior subluxa-
tion, as has been shown experimentally by Warner et al.”’
and others."*” Wuelker et al.””* observed that venting of the
joint increased displacement significantly in the anterior,
posterior, and inferior planes. Anterior translation also
increased by 55%°’ after capsular venting. This restraint
becomes negligible, however, when the muscles contract
with shoulder abduction or when the IGHL or superior
capsular structures are under tension.””**" In a study by
Helmig et al.,” venting of the capsule led to significant
increases in anteroposterior translation and external rota-
tion. The implications of their findings were that evalua-
tion of shoulder stability in biomechanical investigations
should be performed before violation of the negative
intraarticular pressure mechanism occurs, or at the very
least, measures should be corrected for this factor.

Thus, as a static restraint, negative intraarticular pressure
appears to be important in limiting translation of the
humeral head. Habermeyer et al.*” noted that the presence
of a Bankart lesion somehow eliminated the intraarticular
seal to atmospheric pressure. A traumatic capsular rupture
or an enlarged rotator interval capsular defect, possibly
present at birth, presumably could lead to excessive gleno-
humeral translation, predisposing to instability."” Recently,
Hashimoto et al.®" have indicated that dynamic changes in
intraarticular pressure can help differentiate patients with
adhesive capsulitis, partial- and full-thickness rotator cuff
tears, and instability. Practically, from a clinical perspec-
tive, reestablishing negative intraarticular pressure remains
a theoretical concern and plays no role in the treatment of
shoulder instability.

Adhesion-Cohesion

The glenohumeral joint contains less than 1 mm of syn-
ovial fluid that provides articular nourishment through dif-

fusion and lubrication through several mechanisms (e.g.,
hydrodynamic, boundary, weeping, or boosted). Viscous and
intermolecular forces help to create this adhesion-cohesion
effect. Functionally, this is a stabilizing mechanism that
permits sliding motion between the two joint surfaces
while simultaneously limiting them from being pulled
apart.'*” This is analogous to two glass plates separated by
a thin film of water that slide easily over one another, but
are difficult to separate. Negative intraarticular pressure
and adhesive forces resulting from the presence of synovial
fluid between the articular surfaces contribute static
restraint, particularly when the capsule is lax and the mus-
cles are relatively inactive."""'*"'*> Clinically, these factors
probably play a minor role in maintaining glenohumeral
stability and only at very low load levels.

Capsuloligamentous Structures

Few structures in the shoulder have received as much atten-
tion by investigators as the capsule and ligaments surround-
ing the glenohumeral joint. Traditionally, the ligaments of the
capsule were described as discreet thickenings constituting the
“glenohumeral ligaments,”**'*"!'*%24 Clinical observations at
thE “mE Df Surgew-l,u.ﬁllﬁ4,|ﬁ'}.1"].'-."..3!l."i,2] 5.2l 7 or b}'r L‘E’idﬂvﬁr Shﬂu!'
dET diSEEctiGns12,45,?5,(&4,‘]5,].'J_-l.'t..]_13.]?4.|52..E|3.11 7,246 HUTi’(HT[ Hﬂd
Debski*™ have enhanced our understanding of these struc-
tures from an anatomic perspective. To obtain a concise
appreciation of these structures, anatomic investigations must
minimally distort the ligamentous relationships (Fig. 9-6).

With increasing sophistication, the biomechanical func-
[iD”;Eh,ﬁ?,??.|2l{1.1."-4,]-=l4.l'35..]HE.IJH,]H],]H:"-.IHE,IHJ,EI.!...'E‘_H,.!'i?.i'r‘-} l'n::’l[E'riEll

prﬂperlies;ﬂ..ELJ.._'JELH].II?.H-—l.]44.|55,]56,]ﬁ-H..?I.‘rT..:"]l].l.’l-'l,.}-l-l,.?!'i? ﬂ]]d IhE
interrelation of the rotator cuff and capsule have been
described 10?0132 151174212258 Gunthesizing the available data
into a cohesive algorithm applicable to the clinical setting of
glenohumeral instability is a formidable task for most.

In a classic anatomic study, DePalma et al.”® described
the variability of the shoulder capsule, categorizing it into
six basic types based on the pattern of the synovial recesses.
Other anatomic studies have since confirmed and clarified
the variable architecture of the glenohumeral ligaments.®*'**
Contemporary investigators suggest, as did DePalma et
al.,”® that some anatomic findings correlate with the risk of
developing shoulder instability.'®**” The basis for the
functional roles of the capsular structures lies in their
anatomic arrangement throughout the capsule. A signifi-
cant advance in our knowledge came from Turkel et al.,**"
who confirmed by anatomic radiographic studies that dif-
ferent portions of the capsuloligamentous complex pro-
vided static stability that depends on arm position and the
direction of the load applied to the proximal humerus.

The glenohumeral capsule is thin, less than 5 mm in
thickness.** The glenohumeral ligaments function princi-
pally during rotation of the arm to reciprocally tighten
and loosen, thus limiting translation and rotation in a



288 Part Il: Glenohumeral Instability

Posterior
capsule

Posterior

Posterior
band

Axillary pouch

Inferior glenohumeral
ligament complex

load-sharing fashion.”®" In the midrange of rotation when

these structures are relatively lax, stability is maintained pri-
marily by the action of the rotator cuff and biceps through
the concavity-compression effect across the glenohumeral
joint.””'"Y The ligaments principally protect against insta-
bility when the joint is placed at the extremes of motion
and become especially important when all other stabilizing
mechanisms have been overwhelmed. 77848147438

Clinically, this becomes important during capsular
reconstruction. Tensioning these structures in the
midrange can potentially overtighten and constrain the
joint, limiting rotation.”® "% [n the extreme case, this
may lead to posterior humeral subluxation or arthritis.'®**
The static role of each component of the capsuloligamen-
tous structure is summarized in Table 9-3. In the sections
that follow, each structure will be reviewed in terms of con-
temporary research describing the anatomy and biome-
chanics as well as a limited discussion on the relevant
material properties.

Superior and Coracohumeral Ligaments

These structures are considered together because their
anatomic courses are parallel and they constitute the
reinforcing structures of the “rotator interval”
region.??#?86.169.174.180.213 The rotator interval subtends a
medially based triangular space, bordered superiorly by the
anterior margin of the supraspinatus tendon, inferiorly by
the superior border of the subscapularis tendon, medially

Anterior band

Biceps tendon

Superior glenohumeral
ligament

Anterior

Middle glenohumeral
ligament

Figure 9-6 Capsuloligamentous anatomy
viewed from the side with the anterior aspect
to the right and the posterior aspect to the left.
The humeral head has been removed, leaving
the glenoid. The superior glenchumeral liga-
ment and middle glenchumeral ligament are
labeled. The inferior glenohumeral ligament
complex consists of an anterior band, posterior
band and interposed axillary pouch. The poste-
rior capsule is the area above the posterior
band. The biceps is also labeled. (Adapted from
O’'Brien SJ, Neves MC, Arnoczky SP, et al. The

anatomy and histology of the inferior gleno-

humeral ligament complex of the shoulder. Am
J Sports Med 1990;18: 449-456.)

by the base of the coracoid, and laterally by the long head
of the biceps tendon and sulcus. The floor of the rotator
interval is normally bridged by capsule. Occasionally, a
complete opening within the tissue spanning the rotator
interval is present and is described as a “rotator interval
capsular defect” (Fig. 9-7).

The coracohumeral ligament (CHL) is a dense fibrous
extraarticular structure originating on the lateral surface of
the coracoid process as a broad (1 to 2 cm) and thin struc-
ture. It inserts into the greater and lesser tuberosities adja-
cent to the bicipital groove and becomes intermingled
with the tendinous edges of the supraspinatus and sub-
scapularis, respectively.”®*® Cooper et al.”* questioned the
significance of the CHL, describing it as a capsular fold
creating a “pup tent” of capsule within the rotator interval.
Others argue that the CHL is a well-defined structure that
prevents excessive inferior translation of the adducted
humerus in either position of humeral rotation.'™'®®
While the specific function of the CHL remains disputed,
it is known to be geometrically more robust and mechani-
cally stiffer than the SGHL.™ It also provides stability to
the biceps tendon.

The SGHL lies deep to the CHL, is variable in size, and is
present in over 90% of cases.”®!80:183:217.224.259 [ [gually quite
diminutive, it originates from the superior glenoid tubercle
just inferior to the biceps tendon and runs parallel to the
CHL as it inserts into the superior aspect of the lesser
tuberosity just medial to the bicipital groove.
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FUNCTIONS OF THE LIGAMENTS

Author

SGHL

CHL

289

MGHL IGHLC Other

Turkel et al.**

Ovesen and
Nielsen'85-187

Little role in
anterior stability

Secondary stabilizer
to posterior
instability

Secondary stabilizer to
posterior instability;
primary stabilizer

against inferior
instability in ABD

Schwartz et al.;%**

O'Brien et al.'®

Little role in stability

Primary restraint to
inferior translation
in ADD

Secondary restraint
to posterior
instability in ADD,

Primary restraint to
inferior translation
in ADD

Basmajian and
Bazant'®

Warren et al.?%®

flexed, IR
QO'Connell Primary restraint
et al.'® to ER in ADD
Ferrari® Primary restraint

to ER in lower
range of ABD

Helmig et al.” Primary restraint to
inferior instability

Harryman et al.* Primary restraint to ER

Warner et al.®® Minimal role in

inferior stability

Primary restraint to

inferior translation
in ADD

Subscapularis is
secondary

Primary stabilizer for
anterior stability at

Primary stabilizer
for anterior

45 degrees of ABD;  instability in ABD stabilizer at 45
limits ER in degrees of ABD
mid-ABD

Posterior capsule
plays role in
anterior and
posterior stability

Important for
anterior instability

at 45 degrees of
ABD

1-degree and

2-degree
stabilizers against
anterior and
posterior
instability in ABD

Posterior capsule
is primary
restraint to
posterior
translation

Secondary restraint
to ER in ABD:
primary restraint to
anterior instability
at 45 degrees
of ABD

Important restraint
to ER at 60 and
90 degrees of ABD

Primary stabilizer to
inferior translation
in ABD and
secondary stabilizer
in ADD

Secondary stabilizer
for inferior
translation in ADD

ABD, abduction; ADD, adduction; CHL, coracohumeral ligament; ER, external rotation; IGHLC, inferior glenchumeral ligament complex; IR, internal
rotation; MGHL, middle glenchumeral ligament; SGHL, superior glenchumeral ligament.

Opinions vary on the specific functions of these two lig-
aments. Harryman et al.*® characterized the relative biome-
chanical contribution of the rotator interval capsule to
shoulder stability in cadaver specimens. A transverse inci-
sion in the rotator interval region including the capsule,
CHL, and SGHL allowed statistically significant increases
in humeral head translations in all planes tested. Imbrica-
tion of the rotator interval decreased inferior translation in

adduction and posterior translation in flexion to less than
the intact state. No attempt was made to isolate the role of
specific capsular ligaments. Burkart and Debski*"* per-
formed a selective sectioning study of these ligaments and
concluded that the SGHL is an important stabilizer in the
anterior direction. The SGHL also limits external rotation
of the adducted arm.*”* Basmajian and Bazant,'* using elec-
tromyographic and anatomic dissections, showed that the
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superior capsule and the CHL resisted downward displace-
ment with the arm adducted, independent of load.

Patel et al.'”* described the CHL to consist of an ante-
rior and posterior band originating at the coracoid and
inserting into the lesser and greater tuberosities, respec-
tively. During adduction and external rotation, the SGHL
and anterior band of the CHL shortened from a maxi-
mally lengthened position. These changes were opposite
those of the posterior band of the CHL that was maxi-
mally lengthened with adduction and internal rotation.
Warner et al.”>” suggested that the SGHL resists inferior
translation of the adducted shoulder and that the CHL is
not important here. However, subsequent work by Board-
man et al.”” suggested that the CHL is the principal
functional component of the capsule within the rotator
interval. Observations by Lee et al.'** suggest that the
coracoacromial ligament has a role in static restraint of
the glenohumeral joint as well. These authors propose
that the coracoacromial ligament interacts with the CHL
to prevent anterior and inferior translation, particularly
between 0 and 30 degrees of abduction.

Despite varying opinions in the literature (see Table 9-3),
the current consensus is that these two structures con-
strain the humeral head on the glenoid, limit inferior
translation and external rotation when the arm is
adducted, and limit posterior translation when the shoul-
der is in a position of forward flexion, adduction, and
internal rotation. There has been renewed interest in this
portion of the shoulder capsule because openings within
the rotator interval have been associated with recurrent
anteroinferior and multidirectional instability,®>5% 17413
As suggested by several of these studies, addressing this
pathology may be important in preventing recurrence.
Conversely, contracture or scarring of this portion of

Figure 9-7 Gross anatomic specimen of a
left shoulder demonstrating the opening
within the rotator interval situated between
the supraspinatus and subscapularis muscle
tendons.

the shoulder capsule has been associated with adhesive
capsulitis.®®'"

Middle Glenohumeral Ligament

As described by DePalma’® and others,'89:182:224:258.259 the
MGHL has the greatest variation in size and presence of all
the ligaments of the shoulder. It is absent or poorly defined
in 40% of individuals.®*'®* It originates from the supragle-
noid tubercle and anterosuperior labrum, often along with
the SGHL, and inserts just anterior to the lesser tuberosity,
blending with the posterior aspect of the subscapularis ten-
don. Its variable morphology usually takes one of two
forms: (a) sheet-like and confluent with the anterior band
of the IGHL or (b) cord-like, with a foraminal separation
between it and the anterior band of the IGHL. Moseley and
Overgaard'® reported that the MGHL originated from the
scapular neck and formed an anterior pouch accommodat-
ing the humeral head in some patients with recurrent ante-
rior instability.

It is generally believed that the MGHL functions as a
passive restraint to both anterior and posterior transla-
tion of the humeral head when the arm is abducted in
the range from 60 to 90 degrees in external rotation and
limits inferior translation when the arm is adducted at
the side. Those who are “MGHL dominant” individuals
with a cord-like MGHL may be more dependent on this
structure to provide a protective role against anterior
instability."®?*? Clinically, the MGHL may be detached
from the anterior glenoid and constitutes the leading
edge of a Bankart lesion, which typically includes the
anterior band of the IGHL. However, the sublabral hole
should not be confused with a detached labrum, for gen-
erally the labrum is more mobile above the equator of
the glenoid.
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Inferior Glenohumeral Ligament Complex

Originally described by DePalma,”® several descriptions of
the IGHL exist in the literature ranging from a triangular-
shaped structure coursing from the labrum to the humeral
neck, to one with well-defined thickenings at its leading
edge.'824424¢ Typically, it originates from the anteroinferior
labrum or inferior half of the neck of the glenoid adjacent
to the labrum and inserts just inferior to the MGHL at the
humeral neck. Our current understanding has advanced to
the point at which we now consider this structure to be
quite developed, with very specific functions attributed to
its individual components. O'Brien et al.'** have defined
this structure, through arthroscopic, gross, and histologic
evaluation, as the inferior glenohumeral ligament complex
(IGHLC) consisting of three components. They described
discrete anterior and posterior bands (ligament) with an
interposed thinner axillary pouch (see Fig. 9-6). The com-
plex consists of three well-defined layers of collagen fibers
extending from the glenoid to the humerus (inner and
outer) and running circumferentially around the joint
(middle). Ticker et al.*** and Bigliani et al.” have recently
challenged the presence of a discrete posterior band and

found all regions of the IGHLC to be thicker near the gle-
noid than the humerus.

The IGHLC contributes to glenohumeral stability in sev-
eral ways. Recently, Kuhn et al. found that the IGHLC is a
restraint to external rotation of the arm in neutral and
abducted positions.'?® O'Brien et al.'®* suggested that the
IGHLC functions as a hammock to support the humeral
head as it undergoes reciprocal tightening-loosening with
abduction or rotation as the orientation of the complex
changes. In adduction, it forms a dependent fold, acting as
a secondary restraint limiting large inferior transla-
tions.'®#*°? In abduction, however, this complex moves
underneath the humeral head, becoming taut, in the fash-
ion of a hammock, effectively limiting inferior translation.
As the arm is internally rotated, the complex moves poste-
riorly, and as the arm is externally rotated, the complex
moves anteriorly, forming a barrier to posterior and ante-
rior dislocation, respectively (Fig. 9-8). Horizontal flexion
and extension in abduction will also tighten the posterior
or anterior components, respectively, thereby limiting
anteroposterior translation.”** Another biomechanical study
by O'Brien et al.'™ verified that the primary anteroposterior

C

Figure 9-8 The "hammock”-like anatomy of the inferior glenohumeral ligament complex allows
for reciprocal tightening of its anterior and posterior portions when the arm moves from neutral
rotation in (A) abduction to external (B) and internal (C) rotation. (Adapted from Warner JJP, Caborn
DNM. Overview of shoulder instability. Grit Rev Phys Rehabil Med 1992;4:145-198.)
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stabilizer of the 90-degree abducted shoulder is the IGHL.
The anterior band was the primary stabilizer in 30 degrees
of horizontal extension and the posterior band at 30
degrees of horizontal flexion.

Injury to the IGHLC plays an integral role in the devel-
opment of anterior instability. Surgical reconstruction
directed at anatomic restoration of this part of the capsule
has been advocated even in the earliest reports on the sur-
gical management of shoulder instability.'* Although all of
the structures that define the shoulder capsule have at least
a limited role, alterations of the IGHLC are believed by
most to be a significant factor in the pathophysiology of
anterior shoulder instability.

Posterior Capsule

This is the capsule extending from superior to the posterior
band of the IGHLC to the intraarticular portion of the
biceps tendon."'®* Other than the capsule found within the
rotator interval, this is the thinnest region of the joint cap-
sule.*”'®? There are no direct posterior ligamentous rein-
forcements. Its role is to limit posterior translation when
the shoulder is forward-flexed, adducted, and internally
rotated.”®” Clinically, this becomes relevant in patients
who present with posterior instability. Unlike the other lig-
ament structures about the glenohumeral capsule, the pos-
terior capsule does not have a role in restraining external
rotation.’

Material Properties

Because instability is often associated with failure of the
static constraints (e.g., the capsuloligamentous structures),
recent investigations have focused on the individual mate-
rial properties and the modes of failure. The shoulder cap-
sule is quite redundant, having a surface area two times
that of the humeral head.'" Material properties of the cap-
sule refer to the intrinsic mechanical characteristics of its
composition, molecular structure, and ultrastructure. Pre-
sumably anatomic variability (e.g., the SGHL and MGHL)
may have clinical implications. In other words, a more
robust ligament (e.g., IGHL) is presumably more tolerant
of strain or force and would be expected to play a more sig-
nificant role in helping to maintain glenohumeral stability.

Similar to other joint capsules in the body, the shoulder
capsule is fibrous and rich in extracellular matrix. It is com-
posed primarily of type I collagen, with lesser amounts of
types I and 111.7° Debski et al.”® quantified collagen fiber
orientation in cadaveric capsule specimens and found that
the collagen fibers of both the axillary pouch and the ante-
rior band of the IGHL exhibited a random organization.
Furthermore, there was no significant difference in fiber
orientation seen in the bursal, middle, and articular por-
tions of the axillary pouch. Malicky et al.'** measured pla-
nar strains in the anteroinferior joint capsule and found
considerable variability in maximum principal strains

across specimens. The principal strain vectors were gener-
ally not aligned with the anterior band of the IGHL."** The
results of these two recent studies strongly suggest that
the IGHLC sustains loading in multiple directions rather
than only along its length, as is the case with noncapsular
ligaments.”””

Reeves’” determined that the average maximum tensile
strength of the anteroinferior capsule measured in cadaver
shoulders is 70 N (at least 20 kg), decreasing after age 50.
Between the ages of 10 and 40, the anteroinferior labral
insertion was the weakest portion of the whole complex,
with more than two-thirds of the failures occurring there.
Specimens in the fifth to seventh decades experienced cap-
sular rupture and subscapularis tendon failure more fre-
quently than failure at the labrum.””” That the anteroinfe-
rior portion of the capsule fails first and capsular strength
varies inversely with age has also been demonstrated by
Kaltsas."” Hara et al.*® evaluated the glenoid labrum and
capsule and determined that the anteroinferior labrum
close to the glenoid cartilage was weakest, rupturing with a
mean force of 3.84 kg/5 mm.

The properties of the IGHL have been well described by
Bigliani et al.,” who used tensile testing to analyze strength
and failure modes in humerus-IGHLC-glenoid speci-
mens. The region of the anterior band had the greatest
thickness (average 2.8 mm), progressively decreasing in the
axillary pouch (average 2.3 mm) and posterior capsular
regions (average 1.7 mm). In contrast to O'Brien et al.,'*
no discrete posterior band was identified, and the axillary
pouch was not the thickest region. Additionally, there were
no significant differences in the resting length or width of
these areas.”

Stress at failure of the anterior axillary pouch (average
5.5 MPa) was substantially lower than that described for
the knee ligaments (estimated at 35 to 80 MPal98),
emphasizing the importance of other stabilizing mecha-
nisms in protecting the IGHLC from structural failure. Sim-
ilar inferior strength characteristics have been described for
the SGHL and CHL.?” The superior band and anterior axil-
lary pouch exhibit significant strain rate-dependent vis-
coelastic behavior. These effects were explained by compo-
sitional data determining that a proteoglycan content
gradient exists, being greatest anterosuperiorly and least
posteroinferiorly. Mechanically, this property leads to vis-
coelastic stiffening as the collagen fibers are “uncrimped”
during tension.” This may also explain why the inferior
glenohumeral ligament has the capacity to stretch consid-
erably before ligament or insertion failure.”’ These investi-
gators also determined that the predominant modes of
failure were at the glenoid insertion, with slower strain
rates as seen in the Bankart lesion, and in the midsub-
stance, with faster strain rates as seen with capsular laxity
or stretching. This is explained by a nearly elastic behavior
in the central region of the IGHL and principally viscoelastic
behavior at the bony insertion.”"**! These authors suggested
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that viscoelastic behavior during tension and strain rate-
dependent properties of the IGHL support its role as a
humeral head stabilizer in the position of abduction and
external rotation as force is rapidly applied. Subsequent
tensile testing of the anterior band of the IGHLC in the
apprehension position at substantially higher strain rates
confirmed the viscoelastic property of increased failure
stress that was previously noted.'?¥1>15615823% Thyg, func-
tional adaptation may occur to stabilize the head during
high-energy activities when other static or dynamic restraints
are overwhelmed.

Morrey and Chao'®® have calculated that the anterior
shear force in the position of apprehension is as high as 60
kg. To counteract these forces, contraction of the rotator
cuff significantly reduces stress in the anterior capsule when
the arm is in the maximally abducted and externally rotated
position.*” Thus, the dynamic restraints to stability function
as a protective mechanism against structural failure of the
static restraints. Although investigated to a lesser degree, the
material properties of the restraints to posterior instability
have been described. Weber and Caspari displaced the
humeral head posteriorly in 90 degrees of flexion and full
internal rotation, resulting in a horizontal split in the pos-
terior capsule and posterior labral avulsion from the gle-
noid.”” Because the results of these studies depend on a
simulated mechanism of injury in the presence of an inac-
tive rotator cuff, rigid interpretation and extrapolation to
the pathoanatomy of instability is somewhat speculative.

Obligate Translations

A relatively new area of research interest is focused on
understanding the relation between glenohumeral rotation
and obligate translation caused by asymmetrical tighten-
ing-loosening of the capsuloligamentous structures. Ten-
sile loading in either the anterior or superior structures is
simultaneously accompanied by laxity in the posterior or
inferior portion, respectively.””%"%>2>® This is the so-called
reciprocal load-sharing relationship of the capsule. Howell
and Galinat’ used axillary radiographs of patients to mea-
sure anteroposterior excursion during glenohumeral rota-
tion. Except for maximal extension with external rotation,
the humeral head remained centered on the glenoid. In
normal subjects, the extended and externally rotated posi-
tion caused the humeral head to translate posteriorly. In
patients with anterior instability, posterior excursion did
not occur. Taken a step further, Harryman et al.** moni-
tored loads and translations with a magnetic-tracking
device in cadaver specimens. Anterior translation occurred
with flexion beyond 55 degrees, and posterior translation
occurred with extension beyond 35 degrees. Interestingly,
these authors found that surgical tightening of the poste-
rior capsule resulted in increased anterior translation with
flexion that occurred earlier in the arc of motion compared
with normal specimens. Tightening of the rotator interval

also increased obligate anterior translation with flexion.
The effects of Bankart repair and overtightened inferior
capsular shifts were also investigated by Janevic et al."’
These procedures shifted the humeral head and joint con-
tact posteriorly during loading with abduction, extension,
and external rotation. The importance of these findings is
that static restraints may function in positions other than
the extremes of rotation. It is conceivable that unidirectional
tightness, primary (e.g., overhead athlete) or iatrogenic (e.g.,
anterior capsulorrhaphy), could lead to instability in the
opposite direction. Moreover, excessive translation in
one direction may require damage to restraints on the
same and opposite sides of the joint.°® These concepts,
while requiring further investigation, add an additional
layer of complexity to the diagnosis and treatment of
shoulder instability.

Rotator Cuff as a Static Stabilizer

Passive tension within the rotator cuff musculotendinous
structures appears to have some static role in preventing
glenohumeral translation. The “posterior mechanism
of dislocation” occurs in older patients who sustain
supraspinatus and infraspinatus tendon tears, with or
without capsular injury, in association with anterior dislo-
cation.®*?"" Rupture of the subscapularis has also been
noted in patients with recurrent dislocations who are older
than 35 years of age.'”* The subscapularis statically limits
anterior translation in lower ranges of abduction with sim-
ilar limitations to posterior translation found from the
infraspinatus and teres minor.'"*'*” Recently, the contribu-
tion of passive bulk tissues and the deltoid to static inferior
glenohumeral stability was investigated by Motzkin et
al.'® This study determined that in both humeral adduc-
tion and abduction, passive bulk tissues (i.e., all tissues
superficial to the deltoid) and the deltoid did not provide
significant stability to the shoulder joint. Thus, the rotator
cuff appears to be one of the few dynamic restraints that
have a concomitant passive role in preventing gleno-
humeral instability.

Dynamic Factors

Clinical experience suggests that static stabilizers by them-
selves may not be as important in enhancing glenohumeral
stability as that provided by the dynamic stabilizers or the
relation between them. Experimentally, specimens dis-
sected free of the rotator cuff and long head of the biceps
tend to demonstrate at least some degree of inferior sub-
luxation.'*”'%® Active contraction of these structures con-
tributes to the dynamic stabilization of the glenohumeral
joint through two mechanisms: (a) joint compression
(e.g., concavity-compression) resulting from synergistic
and coordinated rotator cuff activity and (b) ligament
dynamization through direct attachments to the rotator
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cuff muscles. Augmenting these mechanisms are the long
head of the biceps brachii, coordinated scapulothoracic
rhythm, and proprioception providing feedback about
extremity position and movement.

Joint Compression

Contraction of the rotator cuff and long head of the biceps
brachii augments joint stability by enhancing the conform-
ing fit and increasing the load needed to translate the
humeral head through compression of the humeral head
into the glenoid.*""**'*" The rotator cuff muscle forces are
ideally aligned for effective compression of the gleno-
humeral joint at all shoulder positions.'** Lippitt et al."*"
quantified the magnitude of the tangential forces required
to produce glenohumeral dislocation in the setting of
applied joint-compressive loads of 50 and 100 N. Tan-
gential forces were as high as 60% of the applied joint-
compressive load. The stability of the joint was markedly
reduced if a portion of the labrum was removed. Vahey et
al.”*"” introduced the concept of “scapulohumeral balance”
to illustrate that glenoid geometry coupled with joint com-
pression is a major stabilizing force. Bowen et al.”” deter-
mined that a joint compression load of 111 N was suffi-
cient to stabilize the glenohumeral joint in the face of a
50-N force, despite sectioning of three-fourths of the joint
capsule. It has been suggested from the results of ligament-
cutting studies and direct quantification of the efficiencies
of the dynamic stabilizers that joint compression is a more
important stabilizer to translation than are static capsular
constraints.””*’

Poppen and Walker*" showed that the joint reaction
force was a maximum of 0.89 times body weight directed
into the face of the glenoid at 90 degrees of abduction
using a simplified two-dimensional cadaveric model with
digitized radiographs. Also, the subscapularis had a greater
mechanical advantage at lower abduction angles (i.e., 60
degrees), whereas the deltoid had a greater advantage at
higher abduction positions. McKernan et al.'” have vali-
dated these findings and attributed them to the anterior
location of the subscapularis tendon in lower ranges of ele-
vation, making it a more effective stabilizer against a given
translation. This effect is reduced as the shoulder is ele-
vated and the line action of the subscapularis moves supe-
rior to the joint.

All portions of the rotator cuff are probably important
in enhancing stability, as was shown by Blasier et al.*® In
their biomechanical study, omission of tension in any one
of the rotator cuff muscles led to a substantial reduction in
anterior joint stability. Labriola et al. reported that all rota-
tor cuff muscles contribute equally to anterior stability
when the glenohumeral joint is in the anatomic position;
at end range, the subscapularis is less important."”'** This
is supported by an investigation by Wuelker et al., which
found that a 50% decrease in the rotator cuff muscle forces

resulted in nearly a 50% increase in anterior displacement
of the humeral head in response to external loading at all
glenohumeral joint positions.””®

Rotator cuff tears result from either single traumatic or
cumulative microtraumatic (i.e., overuse injuries) events.
Because of age-related attrition, a dislocation in individu-
als older than the age of 40 is not uncommonly associated
with a rotator cuff tear."”'"**% Rotator cuff tears result in
superior translation of the humeral head during scapular
plane abduction, and larger rotator cuff tears lead to
increased displacement of the humeral head.” This
demonstrates the importance of synchronous contraction
of the entire cuff in maintaining containment of the
humeral head in the glenoid.”""**”

Increasing the joint compressive load appears to “center”
the humeral head, reducing subsequent translation. This
centering of the humeral head in the glenoid socket pro-
vides a stable fulcrum for elevation of the humerus.®””?"**"
Interestingly, the ability of isometric muscle contraction to
“center” the humeral head is different in patients with trau-
matic instability compared to those with atraumatic insta-
bility. A recent evaluation of glenohumeral kinematics
using magnetic resonance imaging revealed that such con-
traction led to recentering of the humeral head only in the
patients with traumatic instability.””’

In overhead athletes, for example, in whom the rotator
cuff functions as an important decelerator to anterior
translation, imbalanced muscle recruitment may play a
role in those with more subtle forms of instability.”®"’
This has been validated by Warner et al.,”*® who demon-
strated that patients with shoulder instability had altered
rotator cuff strength patterns compared with normal con-
trols. Asynchronous contraction of the rotator cuff, leading
to voluntary instability, is an example in the extreme of the
relative importance of the rotator cuff in enhancing
dynamic stability of the glenohumeral joint.”'* Conversely,
capsuloligamentous insufficiency could subject the rotator
cuff to overuse, fatigue, and injury.

The importance of these findings is that rotator
cuff-strengthening programs can improve the function of a
weak or ineffective cuff by limiting translation of the humeral
head on the glenoid during active shoulder motion.*” Ini-
tial therapeutic approaches to shoulder instability, there-
fore, should emphasize strengthening, conditioning, and
coordination of the rotator cuff as an integral part of the
treatment program.

Ligament Dynamization

There appear to be direct connections between the rotator

cuff tendons and the capsuloligamentous system.*>®

Clark et al.*” reported a complex anatomic relation
between the tendons of the rotator cuff and the capsule
adjacent to the humeral tuberosities. The joint capsule is
adherent to the rotator cuff, except anterosuperiorly in the
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rotator interval, found between the free margins of the
supraspinatus tendon superiorly and subscapularis ten-
don inferiorly. Conceptually, active shoulder motion may
“dynamize” the capsule and ligaments, thereby becoming
a significant stabilizing factor in the midranges of rotation
at which the ligaments and capsule are relatively lax.
Warner et al.,”*® in a dynamic shoulder model, were able
to define and document the orientation and interrelation
between the glenohumeral ligaments during simulated
rotator cuff contraction. Although this study clearly eluci-
dated the effect of shoulder rotation on the orientation of
the undisturbed and intact capsuloligamentous system,
the dynamic effects of rotator cuff contraction upon the
ligaments remains unclear.

Pagnani et al.'®™ suggested that because the biceps
inserts into the relatively mobile superior labrum, it is con-
ceivable that tension would be transmitted by the labrum
to the SGHL and MGHL to dynamize these static structures
and indirectly enhance stability. A similar relation may
exist owing to the proximity of the triceps to the medial
aspect of the axillary pouch of the IGHLC.*”" Anterosupe-
riorly, the subscapularis and supraspinatus interconnect
with the CHL, providing an additional site for dynamic
interaction between static and dynamic restraints.

Active rotation may also have the effect of altering cap-
sular tension, potentially providing a protective mecha-
nism against failure. For example, coupled posterior
humeral head translation with active external rotation may
actually reduce anterior ligamentous strain.*”* McKernan
et al."”? and others*"?" have shown in cadaveric experi-
ments that contraction of the posterior rotator cuff muscles
(i.e., infraspinatus and teres minor) and biceps tendon
reduced IGHL strain in the late cocking phase of throwing,.
These dynamic factors may provide relative protection of
the IGHLC or other anterior structures as they contribute
to anterior stability by dynamically increasing the resis-
tance to torsional forces in the position of apprehension.
Recently, however, the role of the infraspinatus, as deter-
mined by electromyographic (EMG) analysis in patients
with recurrent anterior instability, was not believed to be a
critical component in providing anterior stability.”® Clini-
cally, that a stabilizing relation may exist between the cap-
sule and musculature about the shoulder signifies the
importance in reestablishing length-tension relations by
either operative or nonoperative means in patients with
shoulder instability.

Long Head of the Biceps Brachii

As the tendon of the long head of the biceps passes to its
insertion in the supraglenoid tubercle, it occupies an
intraarticular position. The relative importance as a
dynamic stabilizer probably becomes significant when the
rotator cuff or capsuloligamentous structures are over-
whelmed. Several experimental studies have demonstrated

the dynamic-stabilizing role of the long head of the biceps
brachii for the glenc}humeral j-‘.}il’l[.?"w' 103,106-108,121,162,189,203,211
Rodosky et al.”" showed that, in the late cocking phase of
throwing, contraction of the biceps tendon can significantly
reduce anterior translation and increase torsional rigidity of
the joint helping to resist external rotation. Additionally,
strain in the IGHL was noted to increase after sectioning of
the tendon.

Pagnani et al.'"® determined that the effect of the long
head of the biceps is dependent on the shoulder position
being greatest in middle and lower elevation angles. The
biceps tended to stabilize the joint anteriorly when the arm
was internally rotated and served as a posterior stabilizer
when the humerus was externally rotated (Fig. 9-9). Ito1 et
al."” found that anteroposterior translation was signifi-
cantly decreased with biceps loading, particularly with
external rotation. Superoinferior translation was also
reduced with simulated contraction of the biceps, which
was believed to help center the humeral head on the gle-
noid, thereby stabilizing the fulcrum and allowing more
efficient arm elevation. Levy et al."’” emphasized through
dynamic EMG analysis that elimination of elbow flexion
or supination resulted in complete inactivity of the biceps
brachii. Thus, the role of biceps function at the shoulder is
either due to a passive mechanism or depends on tension
developing in association with elbow and forearm activity.

Kim et al."*" conducted a thorough EMG analysis of the
biceps brachii muscle in patients with anterior instability.
The voltage of the biceps muscle was significantly greater
in the unstable shoulder compared to the opposite arm in
all positions of the arm. Moreover, activity increased in
abduction and external rotation of the unstable shoulder;
there was no change in activity in the stable shoulder
placed in this position. These findings imply a secondary
stabilizing function of the biceps muscle, which compen-
sates for failed primary static restraints.'”

These concepts may help explain why the biceps tendon
or superior labrum may demonstrate lesions in throw-
ers*?® and why it is occasionally found to be hypertro-
phied in the rotator cuff-deficient patient.'***** Extreme
external rotation loads the long head of the biceps tendon,
which predisposes the throwing athlete to biceps or
biceps-labrum complex injuries.!?®!%22% Clinically, this
suggests that nonoperative treatment of instability or rota-
tor cuff deficiency should be directed at rehabilitation of
the biceps brachii in addition to the rotator cuff muscles.

Scapular Rotators

Until recently, scapulothoracic motion has been relatively
ignored as an important dynamic factor maintaining sta-
bility of the glenohumeral joint. The scapular rotators
include the following muscles: trapezius, rhomboids,
latissimus dorsi, serratus anterior, and levator scapulae.
Codman® first introduced the concept of “scapulohumeral
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Figure 9-9 Diagrammatic representation of forces created with simulated contraction of long
head biceps brachii. (A) Rotation of humerus changes orientation of biceps tendon relative to the
joint. In neutral rotation (N) tendon generally occupies a slightly anterior position. With internal rota-
tion (IR) the tendon lies anterior to joint. In contrast, the tendon occupies a slightly posterior posi-
tion with external rotation (ER). (B) With internal rotation of humerus, the biceps appears to gener-
ate joint compressive forces (paired arrows) and posteriorly directed force (single arrow), which
restrain glenohumeral translation. (C) With external rotation of the humerus, anteriorly directed
force (single arrow) appears to accompany joint compressive forces (paired arrows). (Adapted from
Pagnani M, Deng X-H, Warren R, Torzilli B, O’Brien S. Role of the long head of the biceps brachii in
glenohumeral stability: a biomechanical study in cadavera. J Shoulder Elbow Surg 1996;5:255-262.)

rhythm,” which has now been recognized by others to be
an important contributor to joint stability.'* 9829 Even
though somewhat variable, the normal scapulohumeral
rhythm motion relation is two of glenohumeral rotation
for every one of scapulothoracic rotation during scapular
plane abduction.?”**” Clinical and radiographic studies
have documented abnormal scapulothoracic motion in
patients with shoulder instability.'®®***> EMG analysis of
the scapulothoracic musculature has demonstrated fatigue
of the serratus anterior and trapezius with repetitive over-
head activities, leading to poor scapulothoracic con-
trol.”®!'”® McMahon et al. demonstrated that patients
with glenohumeral instability have decreased serratus
anterior activity during abduction, scaption, and forward
flexion."”

The scapular rotators function to provide a stable plat-
form beneath the humeral head during shoulder motion
(Fig. 9-10). These muscles allow the glenoid to adjust to
changes in arm position. The scapular inclination angle is
a significant factor preventing inferior translation of the
adducted shoulder." For example, the scapula normally
rotates upward (i.e., protraction) in synchrony with arm
elevation as the serratus anterior contracts. Thus, clinically,
scapulothoracic weakness or dysfunction is associated with
varying degrees of scapular winging, which is often found
in patients with shoulder instability.?®> Warner et al.*®

have hypothesized that scapulothoracic dysfunction may
be a cause of “nonoutlet” impingement, as the advancing
greater tuberosity is unable to avoid impingement on the
coracoacromial arch during forward flexion. Presently,
however, it is unclear if scapulothoracic dysfunction is a
cause or product of shoulder instability. Despite these
unanswered questions, nonsurgical management of shoul-
der instability must include rehabilitation of the scapular
rotators.

The roles of the deltoid and pectoralis major muscles
about the glenohumeral joint have been evaluated in the
last several years. Kido et al.'? evaluated the stabilizing
function of the anterior, middle, and posterior deltoid
muscle in normal shoulders and in shoulders with insta-
bility. In normal shoulders, tension on the middle del-
toid reduced the amount of anterior translation substan-
tially. When the joint capsule was vented, or when there
was a simulated Bankart lesion, loading each of the three
segments of the deltoid muscle decreased anterior dis-
placement. The authors concluded that the deltoid mus-
cle is an anterior stabilizer of the glenohumeral joint with
the arm in the position of apprehension, and that this
function may become more important in the unstable
shoulder.'*

Lee and An'" similarly found that deltoid muscle activ-
ity increases glenohumeral joint stability. However, this
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Figure 9-10 (Top row) Normal scapulothoracic rotation positions the glenoid underneath the
humeral head so that it acts as a stable platform. (Bottom row) Failure of proper scapulothoracic
motion results in loss of the stable glenoid platform underneath the humeral head. This is analogous
to a seal balancing a ball on its nose. (Adapted from Warner JJP, Caborn DNM. Overview of shoul-
der instability. Crit Rev Phys Rehabil Med 1992;4:145-198.)

effect was most pronounced at 60 degrees of glenohumeral
abduction in the scapular plane. Conversely, deltoid activ-
ity decreased glenohumeral stability when the gleno-
humeral joint was abducted to 60 degrees in the coronal
plane. The role of the pectoralis muscle on glenohumeral
joint stability is less clear, though Arciero and Cruser’
reported a case of traumatic glenohumeral dislocation and
pectoralis tendon rupture while bench pressing. They theo-
rized that eccentric loading of the pectoralis led to both
injuries. Sinha et al.**” reported an irreducible glenohumeral
dislocation that was successfully reduced only after paraly-
sis of the pectoralis major with botulinum A toxin. Man-
agement of glenohumeral joint stability may be altered to
consider these muscles as their role about the gleno-
humeral joint becomes clearer.

Proprioception

The perception of joint position and joint motion is
termed proprioception. Proprioceptive interaction between
ligaments and muscles may mediate a protective mecha-
nism against capsular failure and instability.*>*%!%>1%
Murakami et al.'®” described what were thought to be
mechanoreceptors in the transition zone between the
labrum and capsule in primates. Since then, others"*?**>*
have described similar findings in the capsule and liga-
ments of the glenohumeral joint.

Mechanoreceptors are specialized nerve endings (e.g.,
pacinian corpuscles, Ruffini endings, and Golgi tendon-
like endings) that transduce mechanical deformation into
electric signals that transmit information about joint
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position and motion.””* Vangsness et al.”*? evaluated the

capsuloligamentous structures for the presence of these
mechanoreceptors: Low-threshold, slow-adapting Ruffini
afferents were most abundant overall, except in the gleno-
humeral ligaments where low-threshold, rapid-adapting
pacinian-type afferents were more numerous. No
mechanoreceptors were observed in the subacromial bursa
or glenoid labrum.

Lephart et al."*” and Warner et al.”** have hypothesized
that the capsuloligamentous structures may contribute to
stability by providing an afferent feedback for reflex mus-
cular contraction of the rotator cuff and biceps. It is plausi-
ble, as these authors discuss, that as these receptors
respond to tension changes in the capsule during rotation,
active stabilization may occur through reflex arcs from the
capsule to the surrounding rotator cuff, allowing selective
contraction of the rotator cuff and biceps muscles in
response to changes in acceleration.

Several studies have found decreased proprioception in
shoulders with instability.'*#> '3 136168243 Capsuloligamen-
tous disruption combined with proprioceptive deficits
contribute to functional instability.'**?%* Barden et al."?
measured hand position error in patients with multidirec-
tional instability (MDI) and compared this to patients
without instability. The subjects with MDI had signifi-
cantly greater hand position error than the control group.
Interestingly, there was no difference between hand posi-
tion error in the symptomatic arm and the contralateral
arm in patients with MDI. The authors inferred that
patients’ capacity to use proprioception to refine upper-
extremity movement is reduced in MDI.'* Blasier et al.?
reported similar findings.

With use of a specialized proprioception testing device,
Lephart et al."*” evaluated subjects with and without trau-
matic anterior instability preoperatively and postopera-
tively after arthroscopic or open Bankart repairs. In normal
shoulders, the threshold to detect passive motion (TTDPM)
averaged 1.5 to 2.2. In those with instability, TTDPM was
2.8. These differences were statistically significant. Postop-
eratively, patients' TTDPM was no different from normal.
One criticism of this study was that the speeds at which
patients were tested were much slower than the speeds that
occur with overhead sports. Ito et al."” has stated that trau-
matic dislocation may, in fact, occur sooner than the
response time of the rotator cuff stretch reflex. Thus, the rel-
ative importance of this proposed mechanism may be more
significant in lower-energy situations when the rotator cuff
or biceps has time to react to relative changes in capsular
tension. Furthermore, it is postulated that proprioception
may be a way to protect the capsuloligamentous structures
from failure owing to repetitive microtrauma, leading to
excessive translation or instability.'?>***

Whether inherent deficits in proprioception predispose
a patient to glenohumeral instability or instability reduces
proprioceptive capacity remains unclear. It is interesting to

find that surgical procedures that retension the capsu-
loligamentous structures improve glenohumeral joint pro-
prioception.'*”**?% One long-term follow-up study
reported improvements in joint position sense for at least
5 years postoperatively; position sense may be comparable
to normal, healthy shoulders.?"

PATHOANATOMY OF SHOULDER
INSTABILITY

In addition to the “essential lesion” (i.e., labral detach-
ment), recurrent instability has been attributed to several
pathologic entities. As indicated in Table 9-2, each of the
factors already discussed plays a role in the pathogenesis of
shoulder instability. Several authors have cited attenuation
of the capsule and capsular ligaments?'%9:164:199.245.246 (yith
associated histopathologic changes.'*>'*" 78210232 [ preg.
sion fracture of the humeral head (Hill-Sachs or reverse
Hill-Sachs lesion),”®?*'** attenuation of the subscapularis
tendon,””""**® capsular rupture,"*?°%2% and humeral avul-
sion of the glenohumeral ligaments are other documented
causes of anterior instability,'*?+223235:237.268.276 A thorough
history is important to ascertain the mechanism of injury.
A single violent trauma will focus the injury on a specific
anatomic region (e.g., Bankart lesion or capsular damage).
On the other hand, repetitive microtrauma may cause more
subtle capsular stretch, emphasizing the pathoanatomic
continuum of capsular injury. Clinically, appreciation of
the pathoanatomy of shoulder instability is important
because surgical intervention is ultimately directed at
anatomic and biomechanic restoration.

Bankart Lesion

The most common form of shoulder instability is recurrent
anterior subluxation or dislocation resulting from trauma.
Perthes'” and Bankart'? (e.g., Perthes-Bankart lesion) origi-
nally described the detachment of the capsulolabral com-
plex from the glenoid rim and scapular neck as the “essen-
tial lesion” leading to recurrent anterior dislocation. This
has been challenged by Speer et al.,”’* who found that sim-
ulation of the Bankart lesion in cadaveric cutting studies
resulted in only minimal increases in anterior translation.
Baker et al." established a classification system based on
arthroscopic findings of initial anterior shoulder disloca-
tions. Sixty-two percent had evidence of a Bankart or equiv-
alent lesion, with all of these patients demonstrating gross
instability with examination under anesthesia. Thirteen
percent were stable on examination and demonstrated no
evidence of labral detachment. Taylor and Arciero®*” stud-
ied first-time patients with traumatic anterior shoulder dis-
locations and determined arthroscopically that 97% had
evidence of isolated detachment of the capsuloligamentous
complex from the glenoid rim and neck, without evidence
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of intracapsular injury. Others have noted a similarly high
incidence of Bankart lesions at the time of surgery.**

Despite experimental and clinical evidence of increased
anterior translation of the humeral head on the glenoid
caused by a Bankart lesion, most patients present with
recurrent anterior instability with additional pathology
that may have developed or advanced over time. Addition-
ally, plastic deformation or capsular injury in patients with
first-time dislocations may not be appreciated by macro-
scopic evaluation because it may represent microscopic
ultrastructural failure not visible to the naked eye. It is now
believed that recurrent complete dislocation requires an
additional pathoanatomic component (e.g., capsular plas-
tic deformation or stretch).'**# 343

Recognition of this concept is clinically relevant. Iso-
lated arthroscopic Bankart repair is technically challenging
and with earlier reports associated with higher failure rates,
possibly because of associated pathology, poor patient
selection, and minimal scar formation ®3129:160:233.254
Moreover, reduction in anterior translation, which is the
goal of the procedure, is only significant with larger imbri-
cation (5 mm) of the capsule. Larger imbrication leads to a
more severe limitation of external rotation.'”” Conversely,
open Bankart procedures that address “only” the labral
detachment may create enough capsular scarring to pre-
vent recurrence. Thus, the choice of operative procedure
will depend on the patient’s history, examination under
anesthesia, arthroscopic anatomy, and appreciation for
capsular injury. These tenants become more complex in
the patient with multidirectional instability in whom cap-
sular laxity is the dominant pathology, and Bankart lesions
are less frequently found.

Capsular Injury

Traumatic Intrasubstance Injury

Clinical observations indicate that capsular injury is com-
monly associated with traumatic anterior shoulder disloca-
tion. Capsular injury resulting from traumatic anterior
shoulder dislocation was recognized as early as the 13th
century. Reeves demonstrated capsular rupture by arthrog-
raphy in 55% of the anterior dislocations he treated.”***"®
Symeonides®’® observed that 15% of his patients treated
for anterior dislocation had both labral detachment and
anterior capsular ruptures. Johnson"” observed that 54%
of his patients at the time of arthroscopy for anterior dislo-
cation had torn glenohumeral ligaments. Conversely, oth-
ers have shown that only minimal irrecoverable elongation
of the inferior glenohumeral ligament occurs after trau-
matic unidirectional dislocations,'?>/176:138:234
Experimentally, Bigliani et al.”’ measured the stress—strain
data at failure of the IGHLC in bone-IGHL-bone prepara-
tions and concluded that before failure, significant plastic
deformation (e.g., strain) occurred. The implications of

these findings are that laxity of the IGHLC leading to insta-
bility is not only a congenital finding, but that it may be
acquired through submaximal trauma (single or repetitive)
without causing rupture or detachment. When the anterior
shear force overcomes the capsular tensile strength or
when the rotator cuff fatigues or cannot effectively contract
(e.g., rotator cuff tears), the ligaments may fail on an ultra-
structural level.'?>!7%252 Rodeo et al.”" provided evidence
of ultrastructural changes in the joint capsules of unstable
shoulders. In joint capsules from patients with instability,
there are increases in the amount of stable and reducible
cross-links (the latter of which is abundant in remodeling
tissue) as well as the mean collagen fibril diameter (which
correlates positively with tissue strength) compared to
patients with stable shoulders.”"” Others have shown histo-
logic changes in shoulder capsules of patients with traumatic
instability, such as a denuded synovial layer, subsynovial
edema, increased cellularity, and increased vascularity.'”

Similarly, age-related attrition of the rotator cuff tissues is
greater than in capsular tissues such that anterior dislocation
commonly results in a rotator cuff tear, potentially leading to
capsular injury in older patients.”” Gamulin et al.” evaluated
the histomorphometry of the subscapularis muscle in 52
patients operated on for recurrent traumatic anterior shoul-
der dislocation. They observed interstitial fibrosis within the
subscapularis muscle and modifications in the ratio of fiber
types that are characteristic of disuse atrophy. Clinically, cap-
sular injury leading to laxity and labral detachment can be
found to coexist, supporting concomitant capsulorrhaphy
and Bankart repair in the surgical management of instability.
Bigliani et al.'"” and Altchek and Dines’ have advocated
addressing capsular pathology as part of the surgical treat-
ment of recurrent anterior shoulder instability.

Humeral Avulsion

First described in 1942 by Nicola,'”” avulsion of the cap-
sule from the humerus can occur with forceful hyperab-
duction. Disruption of the lateral capsule from the
humeral neck is probably rare, but has been reported in two
cases by Bach et al."’ and in one case by Taylor and Arciero™”
in association with anterior dislocation. Wolf et al.*”® has
termed this a “HAGL lesion” representing humeral avul-
sion of the glenohumeral ligament. Appreciation for this
variant of capsular injury at the time of arthroscopy can be
difficult, though these authors advocate searching for it in
patients with traumatic anterior instability who show no
signs of a Bankart lesion.””®

The HAGL lesion appears as a thickened, rolled edge of
capsular defect, typically found in the inferior pouch of
the shoulder below the level of the subscapularis muscle.”
Associated glenohumeral abnormalities are common, most
often in the form of rotator cuff tears; greater than 90% of
these tears involve the subscapularis muscle,'?-3223-268:276
Only 20% of HAGL lesions may be viewed radiographically.'
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If it is visualized it likely represents a bony HAGL (BHAGL)
lesion, which may mimic a bony Bankart lesion.'” The
BHAGL lesion, first described by Bach et al.," is a HAGL
lesion associated with bony avulsion of the humeral neck.
Oberlander et al.'” recommended evaluating such lesions
with axillary or West Point views of the glenohumeral
joint. In either of these views the BHAGL is seen superim-
posed on the proximal humerus, whereas the bony
Bankart lesion is seen along the inferior half of the gle-
noid cavity. Stoller’*” described the ] sign of the HAGL
lesion on magnetic resonance arthrography, whereby the
axillary pouch changes from a fluid-distended U-shaped
structure to a J-shaped structure. This is attributed to infe-
rior displacement of the anterior band of the inferior
glenohumeral ligament.””® Humeral avulsion of the
glenohumeral ligament should be repaired anatomically
at the time of surgical reconstruction.

Repetitive Injury

The overhead athlete (e.g., pitchers, throwers, swimmers, vol-
leyball players, tennis players, water polo players, and javelin
throwers) represents a special category of patients with com-
plaints relating to instability. These patients subject their
shoulder to repetitive stresses that potentially lead to micro-
trauma not readily appreciated at the time of arthroscopy. In
a novel study, Pollock et al."” evaluated the response of the
IGHL to a range of cyclic deformations and different levels of
strain in an attempt to identify mechanical microdamage
caused by repetitive loading. They found a significant
decrease in the residual strain magnitude of the IGHL after
cyclic loading compared to baseline. It was concluded that
the cumulative effect of repetitive subfailure strain causes
irreversible stretching of the IGHL. This may contribute to
the development of shoulder instability."”” Malicky et al.'*?
also identified irreversible changes in strain magnitude of the
anteroinferior capsule after 16 mm of humeral translation.
Repetitive rotational motion of the glenohumeral joint
may also contribute to instability. Remia et al.*"” reported on
an experimental model of multidirectional instability of the
glenohumeral joint and found that application of internal
and external rotational stretches to the capsule causes
increased translation in all directions, without capsular dis-
ruption. Likewise, Mihata et al.”>” found increased shoulder
laxity after nondestructive stretching of 30% beyond maxi-
mal humeral external rotation. This was attributed to a sig-
nificant lengthening of the anterior band of the IGHL. Repet-
itive injury may be the cause of acquired laxity, as seen in
gymnasts, and may present as multidirectional instability
rather than pure unidirectional instability. These patients are
often confused as having isolated subacromial impingement
and inappropriately treated as such.®”?* It is now believed
that “subtle glenohumeral instability” may be associated
with secondary subacromial impingement, and capsular lax-

ity is the primary pathology that should be addressed.”**

Capsular Laxity

Intrinsic Capsular Laxity

Capsular laxity is a prerequisite to allow a large range of
glenohumeral motion. The degree of laxity varies among
individuals, and attempts at correlating the extent and direc-
tion of laxity under anesthesia can be confusing, for the over-
lap between normal laxity and clinical instability is difficult
to ascertain.*®62.73.85.86,184.248.260 1 terestingly, shoulders of
asymptomatic patients can exhibit a range of rotational or
translational motion comparable to that seen in patients
diagnosed with symptomatic instability.*>*”* In the preado-
lescent shoulder joint, more than two-thirds may be asymp-
tomatically subluxated on examination.® That asympto-
matic subluxation or even dislocation may occur in the
“normal” shoulder at the time of anesthesia was also appre-
ciated by O'Driscoll and Evans'®** and Warner et al.*** Thus, it
is unclear if constitutional laxity is a risk factor for clinical
instability of the shoulder joint. With a proper history of the
mechanism and symptoms, correlation with drawer testing
under anesthesia can be useful if one considers the effect of
arm position on different portions of the capsule.

Inherited Disorders of Collagen

Inherited disorders of collagen are relatively rare, but pre-
sent an unusual challenge in the management of gleno-
humeral instability. The collagen disorder most associated
with shoulder instability is Ehlers-Danlos syndrome (EDS),
which is characterized by increased laxity, problems with
wound healing, and vascular anomalies. Several subtypes of
EDS have been identified based on which type and which
synthetic step of collagen is aberrant. EDS 1 is inherited in
an autosomal dominant pattern and is most commonly
associated with hyperlaxity. EDS 1l is a milder form of EDS
[. The other subtypes of EDS predominantly affect the
blood vessels. A survey of 42 patients with EDS revealed
that they had experienced a combined 214 shoulder proce-
dures. The indications were pain, instability, poor range of
motion, or a combination of these.”” Another case report
describes a 19-year-old female with EDS and bilateral mul-
tidirectional shoulder instability who underwent multiple
operations to achieve stability, all of which were ineffec-
tive.'*” Thus, shoulder instability with EDS remains a diffi-
cult area to manage even with contemporary techniques.

Humeral and Glenoid Bone Loss

Humeral Bone Loss

Articular abnormalities of the humeral head can disrupt
the anatomic relation of the glenohumeral joint, predis-
posing to recurrent instability. In an evaluation of radi-
ographs from 160 patients with chronic anterior shoulder
instability, Edwards et al.* identified humeral impaction
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Figure 9-11 (A) Anterior dislocation in a patient with a large Hill-Sachs lesion (more than 30% of
the humeral head). (B) Computed tomographic (CT) scan in the same patient. (C) A three-dimensional
CT reconstruction also shows a large Bankart lesion in addition to the large Hill-Sachs lesion.

fracture in 117 shoulders (73%). A large Hill-Sachs or
reverse Hill-Sachs impression fracture (Fig. 9-11) on the
posterolateral or anterolateral margin of the humeral head,
respectively, is created when the humeral head dislocates
over the anterior or posterior glenoid rim.*""7*#341¢ Thjg
lesion is present in more than 80% of anterior dislocations
and 25% of anterior subluxations.*"'”* Hill-Sachs lesions
have been noted at the time of arthroscopy in patients with
recurrent anterior instability up to 100% of the time.*"'7¢:237
Werner et al.*”* reported a prevalence of Hill-Sachs lesions
approaching 60% in patients with atraumatic instability
that did not respond to conservative therapy. The small
Hill-Sachs lesions are not usually thought to be a major
contributor to recurrent anterior instability.”! The inci-
dence with posterior instability is unknown.

The Hill-Sachs lesion is larger with dislocations of
longer duration, recurrent dislocations, and inferior dis-
placement of the humeral head.®®”* In most instances this
lesion is relatively small and plays little role in ongoing
shoulder instability or its surgical management. Relatively

small lesions may be prevented from coming into contact
with the anterior glenoid rim simply by performing a more
generous anterior capsulorrhaphy (Fig. 9-12). Caution is
warranted with this practice because excessively tight ante-
rior repairs may be associated with the development of late
arthrosis.'®** However, when the Hill-Sachs lesion involves
more than 30% of the humeral articular surface, it may
contribute to recurrent anterior instability, even with cap-
sular repair.?'>?'°

The mechanism for this persistent instability is that
with increasing external rotation, the lesion slips over the
anterior glenoid (i.e., as in the original injury) and sits in
an anteromedial position outside of the glenoid cavity.
Surgical treatment of these defects involves filling the
defect with allograft bone (Fig. 9-13),”*" muscle tendon
transfer,””®*'%% (e.g., infraspinatus or subscapularis), or
humeral head replacement in older individuals. Alterna-
tively, the lesion can be rotated out of contact with the gle-
noid with proximal humeral osteotomy.””" Decision mak-
ing is predicated on the ability to perform an anatomic
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Figure 9-12 Role of the Hill-Sachs lesion in anterior shoulder
instability. (A) With the arm in internal rotation, the Hill-Sachs
lesion is not in contact with the glenoid. (B) With external rotation,
the humeral head translates anteriorly because of the incompetent
anterior capsular mechanism. This allows the humeral head to dis-
locate through the Hill-5achs lesion. (C) An adequate Bankart
repair keeps the Hill-Sachs lesion contained on the glenoid, unless
it is greater than 30% of the humeral articular surface. (Adapted
from Warner JJP, Schulte KR, Imhoff AB. Current concepts in shoul-
der instability. In: Stauffer RN, Erlich MG, Kostuik JP, Fu FF.

Advances in operative orthopaedics, vol. 3. Philadelphia: Mosby-
Year Book, 1995:217-247.)

reconstruction of the anteroinferior structures with an
appropriate capsular plication followed by reassessment
for the ability to engage the Hill-Sachs lesion in various
positions of rotation with a simultaneously applied ante-
rior force to the proximal humerus.

Glenoid Bone Loss

Glenoid bone loss has been implicated as a predisposing
factor for recurrent instability after surgical repair.?* %%
Burkhart et al.*® observed that glenoids with enough bone
loss to convert the normally pear-shaped glenoid to an

inverted pear configuration are at particular risk for redis-
location after surgical repair. Recent work by Gupta and
Lee® offers a cause for posterior erosion of the glenoid.
They evaluated glenoid-humerus contact forces in 12 over-
head activity positions and found that there is a significant
increase in contact pressure between the humeral head and
posterior glenoid when the humerus is horizontally
abducted to 70 degrees. They concluded that repetitive
overhead activities may load the glenohumeral joint asym-
metrically and lead to posterior glenoid erosion.”

Bony lesions of the anterior or posterior glenoid rim
have also been described and are believed by some to be
important enough to be formally reconstructed during
open capsulorrhaphy. Edwards et al. found osseous lesions
of the glenoid in 126 of 160 (78%) patients with chronic
anterior glenohumeral instability.”’ These were seen on the
glenoid profile view. These lesions are either due to an
osseous Bankart or wear related to repeated instability.
Pavlov et al.'”® described an osseous Bankart lesion of the
anterior glenoid in 15% of patients with recurrent anterior
dislocation and in approximately 50% of patients with
recurrent anterior subluxation. Gerber” has advocated
intraarticular iliac bone graft to formally reconstruct the
glenoid cavity before capsular repair to restore normal
anatomy of the glenoid. Bigliani et al.** believes that com-
promise of 25% or more of the glenoid surface warrants
bony reconstruction. Burkhart et al.*® recommend a cora-
coid process transfer (i.e., Latarjet procedure) when a bony
Bankart lesion narrows the inferior half of the glenoid to a
width that is less than that of the superior half of the gle-
noid (i.e., the inverted-pear configuration).

Defects smaller than 20% can be rendered extraarticular
by repairing the capsule and labrum back to the edge of the
intact glenoid. Larger fragments can be mobilized and
fixed through traditional means.*® Unlike the Hill-Sachs
lesion, there are few data available to suggest which gle-
noid defects require repair, débridement, or neglect. Itoi et
al."™ investigated the effect of glenoid defect size on
anteroinferior stability after Bankart repair. These authors
found that with the arm in the position of apprehension,
the size of the osseous defect does not affect stability of the
arm. However, increasing the size of the osseous defect
reduces stability when the arm is placed in abduction and
internal rotation.'* The overall aim of any reconstructive
procedure directed at larger defects is to deepen the socket
and support the capsule.

Articular Version Abnormalities

Clinically, excessive glenoid retroversion is thought to be a
contributing factor to posterior instability and may infre-
quently be due to a variant of glenoid dysplasia. In most
cases, however, excessive version is acquired from eccentric
articular surface wear. Magnetic resonance imaging reveals
that shoulders with posteroinferior instability have greater
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retroversion of both the osseous and chondrolabral por-
tion of the glenoid, and there is loss of height of the poste-
rior portion of the labrum.'?? These features lead to loss in
chondrolabral containment of the glenohumeral joint in
patients with posteroinferior instability of the shoulder.'

Some surgeons recommend glenoid osteotomy in

addition to soft tissue procedures.”™'***> Several other

authors'**?” have reported varying degrees of normal gle-
noid and humeral articular version, indicating that further
study is needed to support a relation between the develop-
ment of instability and bony alignment. Clenoid osteotomy
and rotational humeral osteotomies, seemingly reasonable
treatment options in the presence of articular version abnor-
malities, have been associated with the development of
glenohumeral arthritis.””"® Currently, in North America,
humeral rotational osteotomy or glenoid osteotomy is not
commonly practiced, perhaps reflecting the unclear relation
between these factors and clinical instability.

PUTTING IT ALL TOGETHER

Successful management of shoulder instability requires a
thorough knowledge of all factors responsible for stability
in addition to those pathologic factors contributing to
instability. Shoulder instability may be viewed as any con-
dition in which the balance of the various stabilizing struc-
tures is disrupted, leading to increased joint translation and
the development of clinical symptoms.®”'”" Because the
large spherical head of the humerus articulates with a rela-
tively small and shallow glenoid, the glenohumeral joint
requires several mechanisms to maintain stability while
providing for a large range of motion. Static and dynamic
stability is provided by the combined effects of the capsu-
loligamentous structures and rotator cuff and biceps. In the
midranges of rotation, where the capsuloligamentous struc-
tures are lax, most joint stability is through the dynamic
action of the rotator cuff and biceps tendons through

Figure 9-13 This large Hill-Sachs
defect was treated with a Bankart
repair and osteochondral allograft
reconstruction of the humeral head.

concavity—compression of the humeral head within the gle-
noid socket. The ligamentous structures, which are primar-
ily capsular thickenings, function only at the extreme posi-
tions of rotation, preventing excessive rotation of the
humeral head on the glenoid. Contraction of the muscles
around the shoulder may act secondarily by protecting the
relatively weak ligamentous structures from being over-
whelmed from excessive tension. Because interpretations of
the literature are often confusing, this section is an effort to
synthesize the findings already discussed.

The labrum provides an attachment site for the gleno-
humeral ligaments and the tendon of the long head of the
biceps. Its principal function is to increase the depth of the
glenoid socket and to act as a chock block in preventing
the head from rolling over the anterior edge of the glenoid.
Recently, however, the role of the labrum in preventing
translation or instability has been challenged. The Bankart
lesion, by its anatomic definition, implies dysfunction of
the IGHLC, and possibly the SGHL and MGHL. Thus, vir-
tually all labral lesions, especially those below the glenoid
equator, are thought to be associated with glenohumeral
instability. However, plastic deformation, capsular rupture,
abnormal laxity, periosteal stripping, or any combination
of these lesions may also be associated with complete dis-
location, with or without the Bankart lesion. Thus, one of
the goals of reconstructive surgery for glenohumeral insta-
bility is to anatomically reconstruct both the labral and
capsular deficiency independent of cause (e.g., genetic pre-
disposition or extrinsic forces).

The role of the capsule and ligaments in preventing
instability is quite complex and depends on shoulder posi-
tion and the direction of the applied force. Generally, the
anterior capsule becomes more important during exten-
sion and the posterior capsule during flexion. Extremes of
internal and external rotation have the effect of winding up
the capsular structures, leading to joint compression and
increased stability owing to tension developing in the rele-
vant structures. In general, the inferior capsular structures
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are most functional near full elevation and the superior
capsular structures near full adduction.

The IGHLC is the primary static check against anterior,
posterior, and inferior translation between 45 and 90
degrees of glenohumeral elevation. The SGHL and MGHL
limit anteroposterior and inferior translation in the middle
and lower ranges of elevation as the arm approaches the
adducted position. Experimentally, posterior translation in
the flexed, adducted, and internally rotated position may
require disruption of the anterosuperior capsule (includ-
ing the SGHL) in addition to the posterior structures.
Although controversial, the SGHL, CHL, and IGHL proba-
bly function together to limit inferior translation of the
adducted shoulder and act as secondary restraints against
posterior translation. Clinically, these structures are
addressed during either arthroscopic or open Bankart
repair or capsulorrthaphy. However, simply overtightening
the capsule to limit the end ranges of motion to achieve
stability may lead to pathologic limitation of shoulder
motion and late arthrosis.

The rotator interval region between the subscapularis and
supraspinatus may be associated with abnormal translation,
especially inferior translation of the adducted arm and, pos-
sibly, anteroposterior translation. Contraction of the rotator
cuff and long head of the biceps brachii affects both static
and dynamic factors that enhance stability. Primarily, they
act in concert to increase compression across the gleno-
humeral joint, increasing the loads required to translate the
humeral head. These factors are especially important in the
midranges of motion where the capsuloligamentous struc-
tures are more lax. The long head of the biceps brachii is a
significant secondary stabilizer when the capsuloligamen-
tous structures begin to fail. The scapulothoracic stabilizers
help accurately time and position the glenoid beneath the
humeral head. Dysfunction in any of these stabilizers can
lead to subsequent instability as residual stabilizing mecha-
nisms become overwhelmed. Furthermore, proprioceptive
mechanisms help to coordinate and time this system and
can be restored after instability surgery.

Finally, the effects of abnormal articular surfaces, articu-
lar version, negative intraarticular pressure, and adhesion-
cohesion, either in part or in combination, can lead to or
worsen shoulder instability. By themselves, however, they
may play only a small role in the pathogenesis of shoulder
instability. Rarely is bone loss significant enough to war-
rant surgical correction. Unfortunately, clinical data are
lacking for most of these factors, and an algorithmic
approach to their treatment is currently evolving as experi-
mental models improve.

CLASSIFICATION

The importance of a classification system for shoulder insta-
bility is best appreciated from observations of treatment

SHOULDER INSTABILITY CLASSIFICATION

|. Degree
A, Dislocation
B. Subluxation
C. Subtle
Il. Frequency
A. Acute (primary)
B. Chronic
1. Recurrent
2. Fixed
lIl. Etiology
A. Traumatic (macrotrauma)
B. Atraumatic
1. Voluntary (muscular)
2. Involuntary (positional)
C. Acquired (microtrauma)
D. Congenital
E. Neuromuscular (Erb's palsy, cerebral palsy, seizures)
IV. Direction
A. Unidirectional
1. Anterior
2. Posterior
3. Inferior
B. Bidirectional
1. Anteroinferior
2. Posteroinferior
C. Multidirectional

failures resulting from improper matching of a surgical pro-
cedure with the appropriate pathology. Careful classification
improves our ability to tailor individualized treatment pro-
grams for patients with glenohumeral instability. Although
other classification systems exist for shoulder instability,'”” a
system based on four factors is commonly employed: the
degree of instability, the frequency of occurrence, direction,
and cause of the instability (Table 9-4).

The degree of instability is proportional to the level of
injury to the capsulolabral structures. Dislocation is defined
as complete separation of the articular surfaces, often
requiring a reduction maneuver to restore joint alignment.
Subluxation is symptomatic instability without complete
dislocation of the articular surfaces. These patients may
complain of only pain without an appreciation for actual
instability.

Subtle degrees of instability may be due to microtrauma,
which may occur from overuse, as seen with repetitive over-
head throwing. As in those with subluxation, some of these
patients present with pain, with no knowledge of underly-
ing instability. Additionally, patients with multidirectional
or posterior instability may have associated tendinitis and
pain without a sense of actual shoulder instability.”** 722
The avid overhead athlete may also present with pain in the
posterior aspect (e.g., internal impingement of the posterior
rotator cuff on the posterosuperior glenoid) of the shoulder
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during the late cocking or early acceleration phase of throw-
ing. Impingement, when present, is due to altered biome-
chanics and is a secondary phenomenon, rather than
true mechanical impingement from the coracoacromial
arch."?**>> These can be difficult diagnostic and therapeutic
problems.

The frequency of instability is described as acute or
chronic. The temporal delineation between acute and
chronic is not well defined in the literature, and those defin-
itions that do exist may not have direct clinical relevance.
However, for descriptive purposes, an acute episode of gleno-
humeral instability generally refers to the primary disloca-
tion and is defined as one in which the patient is seen in the
acute period (within several hours or even a few days) of the
injury. These injuries may or may not need to be manually
reduced, for occasionally they will reduce spontaneously.
Chronic instability is in reference to either recurrent episodes
of acute instability (a.k.a. recurrent instability) or disloca-
tions that remain displaced for greater periods of time. The
latter type may be more appropriately termed fixed or locked
dislocations. Most commonly, this is seen in a missed or
neglected posterior dislocation.™

The cause of instability may be categorized as traumatic,
atraumatic, microtraumatic, congenital, or neuromuscular.
As our understanding of the pathophysiology of shoulder
instability has evolved, we now recognize that simplifying
cause into atraumatic or traumatic is somewhat limiting,
Thomas and Matsen””” originally introduced the acronyms
TUBS and AMBRI to help us think about the cause and
treatment of most patients who have shoulder instability.
The TUBS variety of instability describes a patient with
macrotraumatic unidirectional instability associated with a
Bankart lesion that typically responds well to surgery. The
AMBRI variety of instability describes a patient with atrau-
matic multidirectional instability that is bilateral and often
responds to rehabilitation; rarely, this type of instability
requires an inferior capsular shift.

Patients with this atraumatic instability may demon-
strate the ability to voluntarily dislocate their shoulders. By
selective muscle contraction and relaxation, these patients
can position their shoulder to result in subluxation or dis-
location. Most commonly, this is seen in cases of posterior
and multidirectional instability, but pure anterior instabil-
ity can also be produced. Rowe et al.”* have observed that
voluntary subluxation can be associated with emotional
and psychiatric disorders of secondary gain. In general, this
category of voluntary instability has a high rate of recur-
rence after surgical stabilization if the underlying psy-
chopathology is not addressed.'*”*'* A subtype of volun-
tary instability includes those who have an unconscious
behavioral tic leading to selective muscular contraction.
This form of voluntary instability may respond best to
biofeedback techniques."’

Alternatively, dislocation may occur voluntarily with
underlying involuntary instability, as with activities or even

during sleep owing to instability that is positional.
Although patients can voluntarily reproduce disabling
instability just by positioning their arm, they prefer not to
do so. Most commonly, these patients may have involun-
tary posterior instability that can be demonstrated by posi-
tioning the arm into flexion, adduction, and internal rota-
tion. These patients often adapt by avoiding positions of
risk where the shoulder might dislocate.”*® This positional
type of involuntary instability, unlike voluntary instability
caused by psychiatric factors or a behavior muscular tic,
may respond well to surgical stabilization.**"

Neer'” recognized acquired instability that results from
repetitive microtrauma (overuse) to the glenohumeral joint.

These patients often provide a history of being an avid over-

head athlete (e.g., baseball, swimming, tennis, and such) as
they subject their anterior and inferior capsuloligamentous
structures to repetitive injury and stretch causing sympto-
matic instability. These patients are not uncommonly found
to have a preexistent constitutional congenital hyperlax-
ity.""*>!%% Conceivably, these patients excel at their sport
because of this excessive laxity and may develop sympto-
matic instability through subsequent trauma. Finally, neuro-
logic disorders can lead to instability including stroke, Erb’s
palsy, and seizures, which can cause both anterior and pos-
terior instability. Thus, rather than a discrete cause, there
remains a spectrum of instability, with traumatic and atrau-
matic mechanisms occupying the extremes. This is reflected
by the variety of findings observed at the time of surgery that
may include any combination of a Bankart lesion, capsular
laxity, or capsular rupture.

The direction of instability can be anterior, posterior,
inferior, or any combination of these. Unidirectional insta-
bility occurs in only one of these directions. Multidirec-
tional instability as in the AMBRI variety may demonstrate
all three directions of instability in addition to generalized
ligamentous laxity. The principal direction of instability in
both the TUBS and AMBRI varieties of instability is usually
anterior. However, the presence of inferior instability is the
hallmark of the diagnosis of multidirectional instability.

To add to already confusing nomenclature, Pollock and

Bigliani'’® and Bigliani et al."” have described patients with

an intermediate degree of instability, who demonstrate an
inferior component in addition to an anterior or posterior
component as bidirectional (e.g., anteroinferior or pos-
teroinferior). This type of instability is more common in
overhead athletes who expose their anterior and inferior
capsular restraints to repetitive microtrauma, leading to
plastic deformation and stretch. An additional subtlety is
that patients with posterior instability often exhibit smaller
degrees of inferior and even anterior instability.
Recognition of global capsular laxity and instability in
more than one direction that is due to either of the
extremes of causation (e.g., traumatic or atraumatic) is crit-
ical for determining appropriate surgical management so
as not to exacerbate the instability in the direction left
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unaddressed.'® Often, it is the primary direction of insta-
bility that causes most of the patients’ symptoms and is,
therefore, most commonly addressed surgically. However,
procedures that treat anterior capsular laxity by Bankart
repair or capsular plication may not adequately manage
the associated components of inferior and/or posterior
instability. In the extreme, asymmetrical tightening during
capsulorrhaphy can lead to a fixed subluxation in the
opposite direction.'”'* Thus, establishing the principal
direction of the instability and acknowledging the lesser
components by the time of surgical intervention is critical
to obtain a successful outcome.

CONCLUSIONS

The aims of this chapter were to review the anatomy, bio-
mechanics, and pathophysiology of shoulder instability.
An understanding of what is “normal” provides a founda-
tion for diagnosing and treating what is considered to be
pathologic. Because current research endeavors have focused
on the basic science of shoulder instability, we no longer
have to rely on an anecdotal and qualitative account of the
associated pathology noted at the time of treatment. We
now have an organized and quantitative approach to the
treatment of shoulder instability. Anatomic studies have
provided abundant information on the macro- and ultra-
structure of the static and dynamic restraints to stability.
Experiments examining the biomechanics of shoulder
instability have helped clarify the effects of articular ver-
sion, the labrum, negative intraarticular pressure, the
material properties and limits of function of the capsu-
loligamentous complex, and the dynamic interaction
between static and dynamic restraints. There are still sev-
eral unanswered questions. As technology is advancing,
we must continue to evaluate how older and newer tech-
niques correct anatomic and biomechanic abnormalities
leading to glenohumeral instability. Newer forms of "heat
therapy” and arthroscopic techniques are exciting means
to perform less invasive surgery. However, meticulous
analysis will be required to determine their value. Our cur-
rent understanding of anatomy and biomechanics should
greatly facilitate this goal.

REFERENCES

1. Altchek D, Dines DM. Shoulder injuries in the throwing athlete.
] Am Acad Orthop Surg 1995;3:159-165.

2. Altchek DW, Dines DM. The surgical treatment of anterior insta-
bility. Selective capsular repair. Oper Tech Sports Med 1993;1:
285-292.

3. Andrews ], Carson W], McLeod W. Glenoid labrum tears related
to the long head of the biceps. Am ] Sports Med 1985;13:
337-341.

4. Andrews ], Carson W]J, Ortega K. Arthroscopy of the shoulder:
technique and normal anatomy. Am | Sports Med 1985;12:1-7.

10.

£ 8

12

13.

14.

15.

16.

17.

18.

19.

20.

2L,

22,

23.

24,

25.

26.

27.

28.

29,

. Apreleva M, Hasselman CI, Debski RE, et al. A dynamic analysis

of glenohumeral motion after simulated capsulolabral injury: a
cadaver model. | Bone Joint Surg Am 1998;80A:474-480.

Arciero RA, Wheeler ], Ryan ], et al. Arthroscopic Bankart repair
versus nonoperative treatment for acute, initial anterior shoulder
dislocations. Am ] Sports Med 1994;22:589-594,

. Arciero RA, Cruser DL. Pectoralis major rupture with simultane-

ous anterior dislocation of the shoulder. | Shoulder Elbow Surg
1997;6:318-320.

Arciero RA, Wheeler JH, Ryan JB. Arthroscopic Bankart repair
versus nonoperative treatment for acute, initial anterior shoulder
dislocations. Am | Sports Med 1994;22:589-594.

. Aston ]], Gregory C. Dislocation of the shoulder with significant

fracture of the glenoid. | Bone Joint Surg Am 1973;55:1531-1533,
Bach B, Warren R, Fronek J. Disruption of the lateral capsule of
the shoulder: a cause of recurrent dislocation. | Bone Joint Surg Br
1988;70:274-276.

Baker C, Uribe ], Whitman C. Arthroscopic evaluation of acute
initial anterior shoulder dislocations. Am ] Sports Med 1990;18:
25-28.

Bankart A. The pathology and treatment of recurrent dislocation
of the shoulder-joint. Br ] Surg 1938;26:23-29.

Barden JM, Balyk R, Raso JR Moreau M, Bagnall K. Dynamic
upper limb proprioception in multidirectional shoulder insta-
bility. Clin Orthop 2004;420:181-189.

Basmajian J, Bazant F. Factors preventing downward dislocation
of the adducted shoulder joint in an electromyographic and
morphological study. | Bone Joint Surg Am 1959;41:1182-1186.
Beall M], Diefenbach G, Allen S. Electromyographic biofeedback
in the treatment of voluntary posterior instability of the shoul-
der. Am | Sports Med 1987;15:175-178.

Beasley L, Faryniarz DA, Hannafin JA. Multidirectional instabil-
ity of the shoulder in the female athlete. Clin Sports Med 2000;
19:331-349.

Bigliani L, Flatow E, Kelkar R, et al. Effect of anterior tightening on
shoulder kinematics and contact. Presented at the Second World
Congress of Biomechanics, Amsterdam, July 10-15, 1994:304.
Bigliani L, Flatow E, Kelkar R, et al. The effect of anterior capsu-
lar tightening on shoulder kinematics and contact. ] Shoulder
Elbow Surg 1994;3:565.

Bigliani L, Kurzweil P, Schwartzbach C, et al. Inferior capsular
shift procedure for anterior-inferior shoulder instability in ath-
letes. Am | Sports Med 1994,;22:578-584,

Bigliani L, Pollock R, Endrizzi D, et al. Surgical repair of poste-
rior instability of the shoulder: long-term results. Orthop Trans
1993;17:75-76.

Bigliani L, Pollock R, Soslowsky L, et al. Tensile properties of the
inferior glenohumeral ligament. /] Orthop Res 1992;10:187-197.
Bigliani L, Weinstein D, Glasgow M, Pollock R, Flatow E. Gleno-
humeral arthroplasty for arthritis after instability surgery. J
Shoulder Elbow Surg 1995;4:87-94,

Bigliani LU, KelKar R, Flatow EL, Pollock RG, Mow VC. Gleno-
humeral stability: biomechanical properties of passive and
active stabilizers. Clin Orthop 1996;330:13-30.

Bigliani LU, Newton PM, Steinmann SP, Connor PM, Mcllveen
SJ. Glenoid rim lesions associated with recurrent anterior dislo-
cation of the shoulder. Am | Sports Med 1998;26:41-45.

Blasier R, Carpenter ], Huston L. Shoulder proprioception: effect
of joint laxity, joint position, and direction of motion. Orthop
Rev 1994:23:44-50,

Blasier R, Guldberg R, Rothman E. Anterior shoulder stability:
contributions of rotator cuff forces and the capsular ligaments in
a cadaver model. ] Shoulder Elbow Surg 1992;1:140-150,

Blasier R, Soslowsky L, Malicky D, et al. Anterior glenohumeral
stabilization efficiency in a biomechanical model combining
ligamentous and muscular constraints. | Shoulder Elbow Surg
1994;3(suppl):S23,

Blasier RB, Soslowsky L], Malicky DM, Palmer ML. Posterior
glenohumeral subluxation: active and passive stabilization in a
biomechanical model. ] Bone Joint Surg Am 1997;79A:433-440,
Boardman DI, Debski R, Warner ], et al. Tensile properties of the
superior glenohumeral and coracohumeral ligaments. | Shoulder
Elbow Surg 1996;5:249-254,



30.

31.

32.

33.

34.

35.

36.

37,

37a.

38.

30.

40,

41.

42,

43,

44,

45,

46.

47.

48.

49,

50.

51.

52

53.

Chapter 9: Anatomy, Biomechanics, and Pathophysiology of Glenohumeral Instability

Boardman ND, Debski RE, Warner |], et al. Tensile properties of
the superior glenohumeral and coracohumeral ligaments. |
Shoulder Elbow Surg 1996;5:286-292.

Bokor D], Olson CC. Anterior instability of the glenohumeral
joint with humeral avulsion of the glenohumeral ligament. A
review of 41 cases. | Bone Joint Surg Br. 1999;81B:93-96.

Bost FC, Inman VT. The pathological changes in recurrent dislo-
cation of the shoulder. A report of Bankart's operative procedure.
] Bone Joint Surg Am 1942;24:595-613.

Boulris C, Horwitz D, Pollock R, Flatow E. Open reduction inter-
nal fixation of intra-articular glenoid fractures. Orthop Trans
1996;20:12.

Bowen M, Deng X, Hannafin ], Arnoczky S, Warren R, Warner |.
An analysis of the patterns of glenohumeral joint contact and
their relationship to the glenoid "bare area.” Trans Orthop Res Soc
1992:;17:496.

Bowen M, Deng X, Warner ], Warren R, Torzilli P. The effect of
joint compression on stability of the glenohumeral joint. Trans
Orthop Res Soc 1992,38:289.

Brewer B, Wubben R, Carrera G. Excessive retroversion of the gle-
noid cavity: a cause of nontraumatic posterior instability of the
shoulder. | Bone Joint Surg Am 1986;68:724-731.

Browne A, Hoffmeyer P, An K, et al. The influence of atmos-
pheric pressure on shoulder stability. Orthop Trans 1990;14:259,
Burkart AC, Debski RE. Anatomy and function of the gleno-
humeral ligaments in anterior shoulder instability. Clin Orthop
Relat Res 2002;400:32-39.

Burkhart SS, DeBeer JE Traumatic glenohumeral bone defects
and their relationship to failure of arthroscopic Bankart repairs:
significance of glenoid’s “inverted pear” and the humeral
“engaging Hill-Sachs lesion.” Arthroscopy 2000;16:677-694.
Burkhead W], Rockwood CJ. Treatment of instability of the
shoulder with an exercise program. | Bone Joint Surg Am 1992;
74:890-5906.

Cain P, Mutschler T, Fu E et al. Anterior stability of the gleno-
humeral joint: a dynamic model. Am ] Sports Med 1987;15:
144-148.

Calandra ], Baker C, Uribe ]. The incidence of Hill-Sachs lesions in
initial anterior shoulder dislocations. Arthroscopy 1989;5:254-257.
Carpenter ], Blasier R, Pellizzan G. The effect of muscular fatigue
in shoulder proprioception. Trans Orthop Res Soc 1993;39.
Churchill RS, Brems ]J, Kotschi H. Glenoid size, inclination,
and version: An anatomic study. | Shoulder Elbow Surg 2001;10:
327-332.

Ciccone W] 11, Hunt T], Lieber R, et al. Multiquadrant digital analy-
sis of shoulder capsular thickness. Arthroscopy 2000;16:457-461.
Clark ], Sidles |, Matsen F The relationship of glenohumeral
joint capsule to the rotator cuff. Clin Orthop 1990;254:29-34,
Clarke H. Habitual dislocation of the shoulder: the Putti-Platt
operation. | Bone Joint Surg 1948;30:198-202.

Codman EA, ed. The shoulder: rupture of the supraspinatus tendon
and other lesions in or about the subacromial bursa. Boston: Thomas

Todd, 1934,

Cofield R, Irving J. Evaluation and classification of shoulder insta-
bility: reference to examination under anesthesia, Clin Orthop
1987;223:32-42,

Cole B, Rodeo S, O'Brien §, et al. The developmental anatomy of
the rotator interval capsule and the rotator interval defect. An
anatomic and histologic analysis of fetal and adult cadaver spec-
imens with clinical implications. American Orthopaedic Society
for Sports Medicine Specialty Day, San Francisco, CA, 1997.
Conolly J. Humeral head defects associated with shoulder dislo-
cation. The diagnostic and surgical significance. Instr Course Lect
1972;21:42-52.

Cooper D, Arnoczky S, O'Brien §, et al. Anatomy, histology, and
vascularity of the glenoid labrum: an anatomical study. | Bone
Joint Surg Am 1992;74:46-52.

Cooper D, O'Brien S, Armnoczky S, Warren R. The structure and
function of the coracohumeral ligament: an anatomic and
microscopic study. | Shoulder Elbow Surg 1993;2:70-77.
Coughlin L, Rubinovich M, Johansson |, et al. Arthroscopic sta-
ble capsulorrhaphy for anterior shoulder instability. Am J Sports
Med 1992;20:253-256.

54

55.

s

58.

60.

61,

62.

63.

64.

65.

66.

67.

68,

G9.

70.

71.

72

73.

74,

5.

70.

77.

307

. Craig E. The posterior mechanism of acute anterior shoulder dis-
locations. Clin Orthop 1984;190:212-216.

Curl LA, Warren RE Glenohumeral joint stability. Selective cut-
ting studies on the static capsular restraints. Clin Orthop
1996;330:54-65.

. Debski RE, Moore SM, Mercer L], Sacks MS, McMahon PJ. The
collagen fibers of the anteroinferior capsulolabrum have multi-
axial orientation to resist shoulder dislocation. | Shoulder Elbow
Surg 2003;12:247-252.

Debski RE, Wong EK, Woo 5L, et al. In situ force distribution in
the glenohumeral joint capsule during anterior-posterior load-
ing. ] Orthop Res 1999;17:769-7706.

Depalma AE Callery G, Bennet GA. Part 1. Variational anatomy
and degenerative lesions of the shoulder bone. In: Blount W,
Banks S, eds. American Academy of Orthopaedic Surgeons Instructional
Course Lectures XVI. Ann Arbor: JW Edwards, 1949:225-281.

. Depalma A, Cooke A, Prabhaker M. The role of the subscapularis
in recurrent anterior dislocations of the shoulder, Clin Orthop
1967;54:35-49.

Dowdy P, O'Driscoll 8. Shoulder instability. An analysis of fam-
ily history. ] Bone Joint Surg Br 1993;75:728-784.

Edwards TB, Boulahia A, Walch G. Radiographic analysis of
bone defects in chronic anterior shoulder instability. Arthroscopy
2003;19:732-739.

Emery R, Mullaji A. Glenohumeral joint instability in normal
adolescents: incidence and significance. ] Bone Joint Surg Br 1991;
73:406-408.

Ferlic D, Digiovine N. A long-term retrospective study of the
modified Bristow procedure. Am | Sports Med 1988;16:469-474.
Ferrari D. Capsular ligaments of the shoulder: anatomical and
functional study of the anterior-superior capsule. Am J Sports
Med 1990;18:20-24.

Field LD, Warren RE (Y'Brien S], Altchek DW, Wickiewicz TL. Iso-
lated closure of rotator interval defects for shoulder instability.
Am | Sports Med 1995;23:557-563.

Flatow E, Miller 5, Neer Cl. Chronic anterior dislocation of the
shoulder. ] Shoulder Elbow Surg 1993;2:2-10,

Flatow EL, Raimondo RA, Kelkar R, et al. Active and passive
restraints against superior humeral translation: the contribu-
tions of the rotator cuff, the biceps tendon, and the coracoacro-
mial arch |abstract]. | Shoulder Elbow Surg 1996;5:5111,

Flatow EL, Warner JP. Instability of the shoulder: complex prob-
lems and failed repairs: part I: relevant biomechanics, multidi-
rectional instability, and severe glenoid loss. Instr Course Lect
1998;47:97-112.

Fly W, Tibone |, Glousman R. Arthroscopic subacromial decom-
pression in athletes less than 40 years old. Orthep Trans 1990;14:
250-251.

Fronek ], Warren R, Bowen M. Posterior subluxation of the
glenohumeral joint. Bone Joint Surg Am 1989;71:205-216.
Gamulin A, Pizzolato G, Stern R, Hoffmeyer P. Anterior shoulder
instability: histomorphometric study of the subscapularis and
deltoid muscles. Clin Orthop 2002;398:121-126.

Garth W, Allman E Armstrong W. Occult anterior subluxation of
the shoulder in noncontact sports. Am | Sports Med 1987;15:
579-585.

Gerber C, Ganz R. Clinical assessment of instability of the shoul-
der: with special reference to anterior and posterior drawer tests.
] Bone Joint Surg Br 1984;66:551-556.

Gerber C, Lambert S. Allograft reconstruction of segmental
defects of the humeral head for the treatment of chronic locked
posterior dislocation of the shoulder. | Bone Joint Surg Am
1996,78:376-382,

Gerber C. Chronic, locked anterior and posterior dislocations.
In: Warner ], lannotti ], Gerber C, eds. Complex and revision prob-
lems in shoulder surgery. Philadelphia: Lippincott-Raven, 1997:
99-113.

Gerber C. Werner CL, Macy IC, et al. Effect of selective capsulor-
rhaphy on the passive range of motion the glenohumeral Joint.
I Bone joint Surg Am. 2003;85:48-55.

Gibb DT, Sidles JA, Harryman DT, McQuade K], Matsen FAl. The
effect of capsular venting on glenohumeral laxity. Clin Orthop
1991;2658:120-127.



308

78,

79.

80.

51.

52,

83.

84,

85.

806.

87.

88.

89.

90.

o1,

92,

23.

94,

95.

96.

97.

98.

99,

100,

101.

Part Il: Glenohumeral Instability

Glousman R, Jobe E Tibone |, Moynes D, Antonelli D, Perry ].
Dynamic electromyographic analysis of the throwing shoulder
with glenohumeral instability. | Bone Joint Surg Am 1988;70:
220-226.

Grigg P, Hoffman A. Calibrating joint capsule mechanoreceptors
as in-vivo soft tissue load cells. ] Biomech Res 1989;22:781-785.

Grigg P. Response of joint afferent neurons in cat medial articu-
lar nerve to active and passive movements of the knee. Brain Res
1976;118:482-485,

Gupta R, Lee TQ. Positional-dependent changes in gleno-
humeral joint contact pressure and force: possible biomechani-
cal etiology of posterior glenoid wear. | Shoulder Elbow Surg
2005;14:1055-1108,

Habermeyer P, Schuller U, Wiedermann E. The intra-articular
pressure of the shoulder: an experimental study on the role of
the glenoid labrum in stabilizing the joint. Arthroscopy 1992;8:
166-172.

Hara H, Nobuyuki I, Iwasaki K. Strength of the glenoid labrum
and adjacent shoulder capsule. | Shoulder Elbow Surg 1996;5:
263-2068.

Harryman DI, Sidles ], Clark ], et al. Translation of the humeral
head on the glenoid with passive glenohumeral motion. | Bone
Joint Surg Am 1990;72:1334-1343.

Harryman DI, Sidles ], Harris §, et al. Laxity of the normal gleno-
humeral joint: a quantitative in vivo assessment. | Shoulder Elbow
Surg 1992;1:66-70.

Harryman DT, Sidles JA, Harris SL, Matsen FA. The role of the
rotator interval capsule in passive motion and stability of the
shoulder. ] Bone Joint Surg Am 1992;74:53-0606.

Hashimoto T, Suzuki K, Nobuhara K. Dynamic analysis of
intraarticular pressure in the glenochumeral joint. | Shoulder
Elbow Surg 1995;4:209-218.

Hawkins R, Neer Cl, Pianta R, et al. Locked posterior dislocation
of the shoulder. | Bone Joint Surg Am 1987;69:9-18.

Hawkins RJ, Schutte |P, Janda DH, Huckell GH. Translation of
the glenchumeral joint with the patient under anesthesia. |
Shoulder Elbow Surg 1996;5:286-292.

Helmig P, Sojberg |, Kjaersgaard-Andersen P et al. Distal
humeral migration as a component of multidirectional shoulder
instability: an anatomical study in autopsy specimens. Clin
Orthop 1990,252:139-143.

Helmig P, Sojbjerg ], Sneppen O, Loehr |, Stgaard §, Suder P.
Glenohumeral movement patterns after puncture of the joint
capsule: an experimental study. | Shoulder Elbow Surg 1993;2:
209-215.

Hermodsson 1. Rontgenologische studern uber due traumatis-
chen and habituellen schultergelenk-verrenhungen. Nach vorn
un nach unten. Acta Radiol Suppl 1934;20:1-173.

Hill H, Sachs M. The grooved defect of the humeral head. A fre-
quently unrecognized complication of dislocations of the shoul-
der joint. Radiology 1940;35:690-700.

Howell S, Galinat B, Renzi A, Marone P. Normal and abnormal
mechanics of the glenohumeral joint in the horizontal plane. J
Bone Joint Surg Am 1988;70:227.

Howell §, Galinat B. The glenoid-labral socket: a constrained
articular surface. Clin Orthop 1989;243:122-125.

Howell S, Kraft T. The role of the supraspinatus and infraspina-
tus muscles in glenohumeral kinematics of anterior shoulder
instability. Clin Orthop 1991;263:128-134.

Hsu HC, Boardman ND 1lI, Luo ZP, An KN. Tendon-defect and
muscle-unloaded models for relating a rotator cuff tear to gleno-
humeral stability. ] Orthop Res 2000;18:952-958.

Hsu HC, Luo ZP. Cofield RH, An KN. Influence of rotator cuff
tearing on glenohumeral stability. | Shoulder Elbow Surg 1997;6:
413-422.

Huber H. Incidence of recurrence and of osteoarthritis after rota-
tional humeral osteotomy according to Weber. | Bone Joint Surg Br
1992;74:7.

lannotti |, Gabriel |, Schneck S, Evans B, Misra 5. The normal
glenohumeral relationships: an anatomical study of one hun-
dred and forty shoulders. ] Bone Joint Surg Am 1992;74:491-500.
Inokuchi W, Sanderhoff Olsen B, Sojbjerg JO, Sneppen O. The
relation between the position of the glenohumeral joint and the

102.

103.

104.

105.

106.

107,

108.

109.

110,

111

112,

113.

114,

115.

116.

117.

118.

119.

120.

121.

122

123.

124,

125.

126.

intraarticular pressure—an experimental study. | Shoulder Elbow
Surg 1997;6:144-149,

Itoi E, Hsu HS, An KN. Biomechanical investigation of the
glenohumeral joint. | Shoulder Elbow Surg 1996;5:407-424.

Itoi E, Kuechle D, Newman S, Money B, An K-N. Stabilizing
function of the biceps in stable and unstable shoulders. | Bone
Joint Surg Br 1993;75:834-8306.

Itoi E, Lee SB, Berglund L], Berge LL, An KN. The effect of a glenoid
defect on anteroinferior stability of the shoulder after Bankart
repair: a cadaveric study. | Bone Joint Surg Am 2000;82A:35-46.
Itoi E, Motzkin N, An K, Morrey B. Scapular inclination and inferior
instability of the shoulder. | Shoulder Elbow Surg 1992;1: 131-139.
Itoi E, Motzkin N, Newman §, Morrey B, An K-N. The stabilizing
function of the long head of the biceps with the arm in the hang-
ing position. Orthop Trans 1992-1993;16:775.

Itoi E, Motzkin NE, Morrey BE An KN. Stabilizing function of
the long head of the biceps in the hanging arm position. | Shoul-
der Elbow Surg 1994;3:135-142.

Itoi E, Newman SR, Kuechle DK, Morrey BE An KN, Dynamic
anterior stabilisers of the shoulder with the arm in abduction. J
Bone Joint Surg Br 1994,76B:834-836.

Itoi N, Eto M, Teshima K, Iwaski K. The mechanism of anterior
shoulder dislocation. Shoulder Joint Jpn 1991;15:200-204.
Janevic ], Craig E, Hsu K-C, et al. Biomechanics of repair of ante-
rior instability. Trans Orthop Res Soc 1992;17:495.

Jerosch ], Castro WH. Shoulder instability in Ehlers-Danlos syn-
drome. An indication for surgical treatment? Acta Orthop Belg
1990;56:451-453.

Jerosch ], Clahsen H, Grosse-Hackmann A, et al. Effects of pro-
prioceptive fibers in the capsule tissue in stabilizing the gleno-
humeral joint. Orthop Trans 1992;16:773.

Jobe E, Tibone |, Perry |, et al. An EMG analysis of the shoulder in
throwing and pitching: a preliminary report. Am | Sports Med
1983;11:3-5.

Johnson D, Warner ]. Osteochondritis dissecans of the humeral
head: treatment with a matched osteochondral allograft. | Shoul-
der Elbow Surg 1997;6:160-163.

Johnson L. Techniques of anterior glenohumeral ligament
repair. In: Johnson L, ed. Arthroscopic surgery: principles and prac-
tice. 5t. Louis, MO: CV Mosby, 1986:1405-1420.

Johnston H, Hawkins R, Haddad R, Fowler . A complication of
posterior glenoid osteotomy for recurrent posterior shoulder
instability. Clin Orthop 1984;187:147-149.

Kaltsas D. Comparative study of the properties of the shoulder
joint capsule with those of other joint capsules. Clin Orthop
1983;173:20-26.

Kelkar R, Flatow E, Bigliani L, Mow V. The effects of articular
congruence and humeral head rotation on glenohumeral kine-
matics. ASME Adv Bioeng 1994;28:19-20.

Kelkar R, Newton P, Armengol |, et al. Three-dimensional kine-
matics of the glenohumeral joint during abduction in the scapu-
lar plane. Trans Orthop Res Soc 1993;18:136.

Kido T, Itoi E, Lee SB, Neale PG, An KN. Dynamic stabilizing
function of the deltoid muscle in shoulders with anterior insta-
bility. Am | Sports Med 2003;31:399-403.

Kim §-H, Ha K-1, Kim H-§, Kim 5-W. Electromyographic activity
of the biceps brachii muscle in shoulders with anterior instabil-
ity. Arthroscopy 2001;17:864-868.

Kim SH, Noh KC, Park ]S, Ryu BD, Oh I. Loss of chondrolabral
containment of the glenohumeral joint in atraumatic posteroin-
ferior multidirectional instability. ] Bone Joint Surg Am 2005;87A:
92-98.

Kocher M, Lephart S, Warner ], Winge 5, Fu E Proprioception in
patients with shoulder instability. Trans Orthop Soc 1993;39:312.
Kozlowski K, Scougall J. Congenital bilateral hypoplasia: a
report of four cases. Br | Radiol 1987,60:705-706.

Kronberg M, Brostrom L. Humeral head retroversion in patients
with unstable humeroscapular joints. Clin Orthop 1990;260:
207-211.

Kuhn JE, Huston L], Soslowsky L], Shyr Y, Blasier RB. External
rotation of the glenohumeral joint: ligament restraints and mus-
cle effects in neutral and abducted positions. | Shoulder Elbow
Surg 2005;14:395-488.



127.

128.

129,

130.

131.

132,

133.

134.

135,

136.

137.

138.

139,

140.

141.

142,

143.

144.

145.

146.

147.

148.

149,

150.

Chapter 9: Anatomy, Biomechanics, and Pathophysiology of Glenohumeral Instability

Kumar V, Balasubramaniam P. The role of atmospheric pressure
in stabilizing the shoulder. An experimental study. | Bone Joint
Surg Br 1985;67:719-721.

Labriola JE, Lee TQ, Debski RE, McMahon P]. Stability and insta-
bility of the glenohumeral joint: the role of shoulder muscles. |
Shoulder Elbow Surg 2005;14:325-38S.

Lane ], Sachs R, Riehl B. Arthroscopic staple capsulorrhaphy: a
long-term follow-up. Arthroscopy 1993;9:190-194,

Lazarus M, Sidles J, Harryman DI, Matsen F. Effect of a chon-
dral-labral defect on glenoid concavity and glenohumeral sta-
bility. I Bone Joint Surg Am 1996;78:94-102.

Lee SB, An KN. Dynamic glenchumeral stability provided by
three heads of the deltoid muscle. Clin Orthop 2002;400:40-47.
Lee SB, Kim K], O'Driscoll SW, Morrey BF, An KN, Dynamic
glenchumeral stability provided by the rotator cuff muscles in
the mid-range and end-range of motion. A study in cadavera. |
Bone Joint Surg Am 2000;82:849-857,

Lee TQ, Black AD, Tibone JE, McMahon PJ. Release of the cora-
coacromial ligament can lead to glenohumeral laxity: a biome-
chanical study. | Shoulder Elbow Surg 2001;10:68-72.

Lee TZ, Dettling ], Sandusky MD, McMahon PJ. Age related bio-
mechanical properties of the glenoid-anterior band of the infe-
rior glenohumeral ligament-humerus complex. Clin Biomech
1999;14:471-476.

Lephart 5, Warner ], Borsa P, et al. Proprioception of the shoul-
der joint in healthy, unstable, and surgically repaired shoulders.
J Shoulder Elbow Surg 1994;3:371-380,

Lephart SN, Henry TJ. The physiological basis for open and
closed kinetic chain rehabilitation for the upper extremity. |
Sport Rehabil 1996;5:71-87.

Levy A, Kelly B, Lintner S, Speer K. The function of the long head
of the biceps at the shoulder: an EMG analysis. Presented at the
American Orthopaedic Society for Sports Medicine. San Fran-
cisca, CA, 1997,

Lintner D, Sebastianelli W, Hanks G, et al. Glenoid dysplasia: a
case report and review of the literature. Clin Orthop 1992;283:
145-148.

Lippitt S, Harris 8, Harryman DI, et al. In vivo quantification of
the laxity of normal and unstable glenohumeral joints. | Shoul-
der Elbow Surg 1994,3:215-223,

Lippitt 5, Vanderhooft |, Harris §, Sidles ], Harryman DI, Matsen
FI. Glenohumeral stability from concavity-compression: a
quantitative analysis. ] Shoulder Elbow Surg 1993;2:27-35.
Lusardi D, Wirth M, Wurtz D, Rockwood CJ. Loss of external
rotation following anterior capsulorrhaphy of the shoulder. |
Bone Joint Surg Am 1993;75:1185-1192.

Malicky DM, Kuhn JE, Frisancho JC, et al. Neer award 2001: non-
recoverable strain fields of the anteroinferior glenohumeral cap-
sule under subluxation. | Shoulder Elbow Surg 2002;11:529-540.
Malicky DM, Soslowsky L], Blasier RB, Shyr Y. Anterior gleno-
humeral stabilization factors: progressive effects in a biome-
chanical model. ] Orthop Res 1996;25:282-288.

Malicky DM, Soslowsky LJ, Kuhn JE, et al. Total strain fields of
the antero-inferior shoulder capsule under subluxation: a stereo-
radiogrammetric study. | Biomech Eng 2001;123:425-431.
Matsen FA 1II, Thomas SC, Rockwood CA, Wirth MA. Gleno-
humeral instability. In: Rockwood CA, Matsen FA 111, eds. The
shoulder, vol 2. Philadelphia: Saunders, 1998:611-754.

Matsen FI, Atz C. Rotator cuff failure. In: Rockwood C, Matsen
F, eds. The shoulder. Philadelphia: WB Saunders, 1990:647-665.
Matsen FI, Thomas 5, Rockwood C]. Anterior glenohumeral
instability. In: Rockwood C, Matsen E, eds. The shoulder. Philadel-
phia: WB Saunders, 1990;526-622.

Mazzocca AD, Brown FM, Carreira DS, et al. Arthroscopic ante-
rior shoulder stabilization of collision and contact athletes. Am |
Sports Med 2005;33:52-60.

McFarland EG, Campbell G, McDowell ]. Posterior shoulder
laxity in asymptomatic athletes. Am | Sports Med 1996;24:
468-471.

McFarland EG, Kim TK, Banchaseuk P, McCarthy EF. Histologic
evaluation of the shoulder capsule in normal shoulders, unsta-
ble shoulders, and after failed thermal capsulorrhaphy. Am |
Sports Med 2002;30:636-642.

151,

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

162

170.

171.

309

McKernan D, Mutschler T, Rudert M, et al. Significance of a par-
tial and full Bankart lesion: a biomechanical comparison. Trans
Orthop Res Soc 1989;14:231.

McKernan D, Mutschler T, Rudert M, et al. The characterization
of rotator cuff muscle forces and their effect of glenohumeral
joint stability: a biomechanical study. Orthop Trans 1990;14:
237-238.

McLaughlin H. Posterior dislocation of the shoulder. | Bone Joint
Surg Am 1952;34:584-590.

McMahon P, Debski R, Thompson W, Warner ], Fu F Woo §.
Shoulder muscle forces and tendon excursions during gleno-
humeral abduction in the scapular plane. | Shoulder Elbow Surg
1995;4:199-208.

McMahon PJ, Dettling JR, Sandusky MD, Lee TQ). Deformation
and strain characteristics along the length of the anterior band of
the inferior glenohumeral ligament. | Shoulder Elbow Surg
2001;10:482-488.

McMahon PJ, Dettling JR, Sandusky MD, Tibone JE, Lee TZ. The
anterior band of the inferior glenohumeral ligament. Assess-
ment of its permanent deformation and the anatomy of its gle-
noid attachment. ] Bone Joint Surg Br 1999;81B:406-413.
McMahon PJ, Jobe FW, Pink MM, Brault JR, Perry J. Comparative
electromyographic analysis of shoulder muscles during planar
motions: anterior glenohumeral instability versus normal. |
Shoulder Elbow Surg 1996;5:118-123.

McMahon PJ, Tibone JE, Cawley PW, et al. The anterior band of
the inferior glenohumeral ligament: biomechanical properties
from tensile testing in the position of apprehension. | Shoulder
Elbow Surg 1998;7:467-471.

Mihata T, Lee Y, McGarry MH, Abe M, Lee TQ). Excessive humeral
external rotation results in increased shoulder laxity. Am | Sports
Med 2004;32:1278-1285.

Morgan C, Bodenstab A. Arthroscopic Bankart suture repair.
Technique and early results. Arthroscopy 1987;3:111-122,
Morgan C, Rames R, Snyder S. Arthroscopic assessment of
anatomic variations of the glenohumeral ligaments associated
with recurrent anterior shoulder instability. Presented at the
Annual Meeting of the American Shoulder and Elbow Surgeons.
Washington, DC, 1993.

Morgan CD, Burkhart §5, Palmeri M, Gillespie M. Type [l SLAP
lesions: three subtypes and their relationships to superior insta-
bility and rotator cuff tears. Arthroscopy 1998;14:553-565.
Morrey B, Chao E. Recurrent anterior dislocation of the shoul-
der. Clinical and anatomic considerations. In: Block J, Dumble-
ton J. eds. Clinical biomechanics. New York: Churchill Livingston,
1981:22-406.

Moseley H, Overgaard B. The anterior capsular mechanism in
recurrent anterior dislocation of the shoulder: morphological
and clinical studies with special reference to the glenoid labrum
and the glenohumeral ligaments. | Bone Joint Surg Br 1962;44:
913-927.

Motzkin N, Itoi E, Morrey B, An K-N. Contribution of passive
bulk tissues and deltoid to static inferior glenohumeral stability,
] Shoulder Elbow Surg 1994;3:313-319.

Mow V, Bigliani L, Flatow E, et al. Material properties of the infe-
rior glenohumeral ligament and the glenohumeral articular car-
tilage. In: Matsen Fl, Fu E Hawkins R, eds. The shoulder: a balance
of mobility and stability. Rosemont, IL: American Academy
Orthopaedic Surgeons, 1993:29-67.

Murakami M, Kojima Y, Maeda T, et al. Sensory nerve endings in
the shoulder joint capsule of the monkey as sensors of dynamic
stabilizing system. Trans Comb Mig ORS USA Jpn Can 1991:315.
Myers |B, Ju YY, Hwang J|H, McMahon PJ, Rodosky MW, Lephart
SM. Reflexive muscle activation alterations in shoulders with ante-
rior glenohumeral instability. Am J Sports Med 2004,;32:1013-1021.
Neer C, Foster C. Inferior capsular shift for involuntary inferior
and multidirectional instability of the shoulder. | Bone Joint Surg
Am 1980;62:897-908.

Neer CS I. Shoulder reconstruction. Philadelphia: WB Saunders,
1990.

Meer CS, Satterlee CC, Dalsey RM, Flatow EL. The anatomy and
potential effects of contracture of the coracohumeral ligament.
Clin Orthop 1992;280:182-185.



310

172,

173
174.

175.

176.

177.

178.

179.

180.

181,

182,

183.

184.

185.

186.

187.

188.

189.

190.

191.

192,

193

194,

1935.

196.

197

Part ll: Glenohumeral Instability

Neviaser R, Neviaser T, Neviaser ]. Concurrent rupture of the
rotator cuff and anterior dislocation of the shoulder in the older
patient. | Bone Joint Surg Am 1988;70:1308-1311,

Nicola T. Anterior dislocation of the shoulder. The role of the
articular capsule. | Bone Joint Surg Am 1942;24:614-616.
Nobuhara K, Ikeda H. Rotator interval lesion. Clin Orthop 1987;
223:44-50.

Nobuhara K. The rotator interval lesion. In: Wayne ], Burkhead
7, eds. Rotator cuff disorders. Balimore: Williams & Wilkins,
1996:182-192.

Norlin R. Intraarticular pathology in acute, first-time anterior
shoulder dislocation: an arthroscopic study. Arthrescopy 1993;9:
546-549.

Novotny JE, Nichols CE, Beynnon BD. Kinematics of the gleno-
humeral joint with Bankart lesion and repair. | Orthop Res 1998;
10:116-121.

Nuber G, Jobe E Perry |, et al. Fine wire electromyography analy-
sis of muscles of the shoulder during swimming. Am | Sports Med
1986;14:7-11.

Oberlander MA, Morgan BE, Visotsky JL. The BHAHL lesion:
new variant of anterior shoulder instability. Arthroscopy 1996;12:
627-633.

O’'Brien S, Arnoczky S, Warren R, et al. Developmental anatomy
of the shoulder and anatomy of the glenohumeral joint. In:
Rockwood C], Matsen Fl, eds. The shoulder. Philadelphia: WB
Saunders, 1990:1-33.

O'Brien 8, Schwartz R, Warren R, Torzilli P. Capsular restraints to
anterior-posterior motion of the abducted shoulder: a biome-
chanical study. J Shoulder Elbow Surg 1995;4:298-308.

O'Brien §J, Neves MC, Arnoczky SP, et al. The anatomy and his-
tology of the inferior glenchumeral ligament complex of the
shoulder. Am | Sports Med 1990;18:449-456.

O'Connell P, Nuber G, Mileski R, et al. The contribution of the
glenohumeral ligaments to anterior stability of the shoulder
joint. Am | Sports Med 1990;18:579-584.

O'Driscoll 5, Evans D. Contralateral shoulder instability follow-
ing anterior repair: an epidemiological investigation. | Bone Joini
Surg Br 1991;73:941-946.

Ovesen |, Nielsen S. Experimental distal subluxation in the
glenchumeral joint. Arch Orthop Trauma Surg 1985;104:78-81.
Ovesen ], Nielsen S. Stability of the shoulder joint: cadaver
study of stabilizing structures. Acta Orthop Scand 1985;56:
149-151.

Ovesen ], Nielson 5. Anterior and posterior instability of the shoul-
der: a cadaver study. Acta Orthop Trawma Surg 1986;57:324-327.
Ozaki J. Glenohumeral movements of the involuntary inferior
and multidirectional instability. Clin Orthop 1989;238:107-111.
Pagnani M, Deng X-H, Warren R, Torzilli P, O'Brien S. Role of
the long head of the biceps brachii in glenochumeral stability: a
biomechanical study in cadavera. | Shoulder Elbow Surg 1996;5:
255-2062.

Pagnani M, Xiang-Hua D, Warren R, Torzilli P, Altchek D. Effect of
lesions of the superior portion of the glenoid labrum on gleno-
humeral translation. | Bone Joint Surg Am 1995;77:1003-1010,
Pagnani MJ], Warren RE Stabilizers of the glenohumeral joint. /
Shoulder Elbow Surg 1994;3:173-190.

Pappas A, Goss T, Kleinman P. Symptomatic shoulder instability
due to lesions of the glenoid labrum. Am | Sports Med
1983;11:279-288.

Patel PR, Imhoff AB, Debski RE, et al. Anatomy and biomechan-
ics of the coracohumeral and superior glenohumeral ligaments.
Presented at Specialty Day, American Shoulder and Elbow Sur-
geons, 12th Open Meeting, Academy of Orthopaedic Surgeons,
Atlanta, GA, 1996.

Pavlov H, Warren R, Weiss C, et al. The roentgenographic evalua-
tion of certain surgical conditions. Clin Orthop 1985;184:317-321.
Perthes G. Uber operation bei habitueller schulterluxation.
Disch Z Chir 1906;85:199-227.

Pollock R, Bigliani L. Recurrent posterior shoulder instability:
diagnosis and treatment. Clin Orthop 1993;291:85-96.

Pollock R, Flatow E. Classification and evaluation. In: Bigliani L,
ed. The unstable shoulder. Rosemont, 1L: American Academy of
Orthopaedic Surgeons, 1996:25-36.

198.

199,

200.

201.

202,

203,

204,

205.

2006.

207.

208.

209.

210.

211.

212,

213.

214,

215.

216.

217,

218.

2149,

220.

22L.

222,

223,

224,

Pollock RG, Flatow EL, Bigliani LU, KelKar R, Mow VC. Repeti-
tive motion syndromes of the upper extremity. In: Gordon SL,
ed. Shoulder biomechanics and repetitive motion. Rosemont, IL:
American Academy of Orthopaedic Surgeons, 1994:145-160.
Pollock RG, Wang VM, Bucchieri JS, et al. Effects of repetitive
subfailure strains on the mechanical behavior of the inferior
glenohumeral ligament. | Shoulder Elbow Surg 2000;9:427-435.
Poppen N, Walker P. Forces at the glenohumeral joint in abduc-
tion. Clin Orthop 1978;58:165-170,

Poppen N, Walker P. Normal and abnormal motion of the
shoulder. | Bone Joint Surg Am 1976;58:195-201.

Potzl W, Thorwesten L, Gotze C, Garmann §, Steinbeck |. Propri-
oception of the shoulder joint after surgical repair for instability.
A long-term follow-up study. Am J Sports Med 2004;32: 425-430.
Pradhan RL, Itoi E, Hatakeyama Y, et al. Superior labral strain
during the throwing motion. A cadaveric study. Am | Sports Med
2001;29:488-492,

Prodromos C, Ferry ], Schiller A, et al. Histological studies of the
glenoid labrum from fetal life to old age. | Bone Joint Surg Am
1990;72:1344-1348.

Randelli M, Gambrioli P. Glenohumeral osteometry by com-
puted tomography in normal and unstable shoulders. Clin
Orthop 1986;208:151-156.

Reeves B. Arthrography in acute dislocation of the shoulder. |
Bone Joint Surg Br 1968,48:182.

Reeves B. Experiments on tensile strength of the anterior capsu-
lar structures of the shoulder in man. | Bone Joint Surg Br 1968;
50:858-865.

Reeves C. Acute anterior dislocation of the shoulder: clinical and
experimental studies. Ann R Coll Surg Engl 1969;44:255-273,
Remia LE Ravalin RV, Lemly KS, et al. Biomechanical evaluation
of multidirectional glenochumeral instability and repair. Clin
Orthop 2003;416:225-236.

Rodeo SA, Suzuki K, Yamaguchi M, Bhargova M, Warren RF. Analy-
sis of collagen and elastic fibers in shoulder capsule in patients
with shoulder instability. Am | Sports Med 1998;26: 634-643.
Rodosky M, Harper C, Fu F. The role of the long head of the
biceps muscle and superior glenoid labrum in anterior stability
of the shoulder. Am | Sports Med 1994;22:121-130.

Rodosky M, Rudert M, Harner C, et al. Significance of a superior
labral lesion of the shoulder. Trans Orthop Res Soc 1990;15:276.
Rowe C, Patel D, Southmayd W. The Bankart procedure: a long-
term end-result study. ] Bone Joint Surg Am 1978;60:1-16.

Rowe C, Pierce D, Clark J. Voluntary dislocation of the shoulder:
a preliminary report on clinical, electromyographic, and psvchi-
atric study of twenty-six patients. ] Bone Joint Surg Am 1973;55:
445-460.

Rowe C, Sakellarides H. Factors related to recurrences of anterior
dislocations of the shoulder. Clin Orthop 1961;20:40-48.

Rowe C, Zarins B, Ciullo ]J. Recurrent anterior dislocation of the
shoulder after surgical repair. | Bone Joint Surg Am 1984;66:
159-168.

Rowe C, Zarins B. Recurrent transient subluxation of the shoul-
der. | Bone Joint Surg Am 1981;63:159-168.

Saha A. Dynamic stability of the glenohumeral joint. Acta Orthop
Scand 1971;42:491-505.

Saha A. Mechanics of elevation of the glenohumeral joint: its
application in rehabilitation of flail shoulder in upper brachial
plexus injuries and poliomyositis and in replacement of the upper
humerus by prosthesis. Acta Orthop Scand 1973,;44:668-678.
Saha A. Theory of shoulder mechanism: descriptive and applied.
Springfield, IL: Charles C Thomas, 1961.

Sarrafin S. Gross and functional anatomy of the shoulder. Clin
Orthop 1983;173:11-19.

Schenk T], Brems ]]. Multidirectional instability of the shoulder:
pathophysiology, diagnosis, and management. | Am Acad Orthop
Surg 1998;6:65-72.

Schippinger G, Vasiu PS, Fankhauser F, Clement HG. HAGL
lesion occurring after successful arthroscopic Bankart repair.
Arthroscopy 2001;17:206-208.

Schwartz RE, O’Brien S], Torzilli PA, Warren RE Capsular
restraints to anterior and posterior motion of the shoulder.
Orthop Trans 1988;12:727.



225,

220.

227.

228,

229,

230.

231.

232,

233.

234.

233,

2306.

237.

238.

239,

240.

241.

242,

243,

244,

245,

240,

247,

248.

249,

250.

Chapter 9: Anatomy, Biomechanics, and Pathophysiology of Glenohumeral Instability

Scott D). Humeral head retroversion in patients with unstable
humeroscapular joints. Clin Orthop 1967;260:207-211.

Silliman ], Hawkins R. Classification and physical diagnosis of
instability of the shoulder. Clin Orthop 1993;291:7-19.

Sinha A, Jigginson DW, Vickers A. Use of botulinum A toxin in
irreducible shoulder dislocation caused by spasm of pectoralis
major. | Shoulder Elbow Surg 1999;8:75-70.

Snyder 8, Karzel R, DelPizzo W, et al. SLAP lesions of the shoul-
der. Arthroscopy 1990,6:274-279,

Soslowsky L, Flatow E, Bigliani L, et al. Articular geometry of the
glenohumeral joint. Clin Orthop 1992;285:181-190.

Soslowsky L, Flatow E, Bigliani L, Pawluk R, Ateshian G, Mow V.
Quantitation of in situ contact areas at the glenohumeral joint: a
biomechanical study. ] Orthop Res 1992;10:524-534,

Soslowsky LI, Malicky DM, Blasier RB. Active and passive factors
in inferior glenohumeral stabilization: a biomechanical model. |
Shoulder Elbow Surg 1997,6:371-379.

Speer K, Deng X, Torzilli P, Altchek D, Warren R. A biomechani-
cal evaluation of the Bankart lesion. Trans Orthop Res Soc 1993;
39:315.

Speer K, Warren R, Pagnani M, Warner . An arthroscopic tech-
nique for anterior stabilization of the shoulder with a biore-
sorbable tack. ] Bone Joint Surg Am 1996,;78:1801-1807.

Stefko JM, Tibone JE, Cawley PW, El Attrache NE, McMahon
P]. Strain of the anterior band of the inferior glenohumeral
ligament during capsule failure. | Shoulder Elbow Surg 1997,;6:
473-479.

Stoller DW. MR arthrography of the glenohumeral joint. Radiol
Clin North Am 1997;35:97=116.

Symeonides P. The significance of the subscapularis muscle in
the pathogenesis of recurrent anterior dislocation of the shoul-
der. | Bone Joint Surg Br 1972;54:476-483.

Taylor D, Arciero R. Pathologic changes associated with shoulder
dislocations. Am [ Sports Med 1997;25:306-311.

Terry G, Hammon D, France P, Norwood L. The stabilizing
function of passive shoulder restraints. Am | Sports Med 1991;
19:26-34,

Thomas S, Matsen Fl. An approach to the repair of avulsion of

the glenohumeral ligaments in the management of traumatic
anterior glenohumeral instability. | Bone Joint Surg Am 1989;71:
506-513.

Thompson WO, Debski RE, Boardman ND 111, et al. A biome-
chanical analysis of rotator cuff deficiency in a cadaveric model.
AISM 1996;24:289-292.

Tibone ], Jobe F Kerlan R, et al. Shoulder impingement syn-
drome in athletes treated by anterior acromioplasty. Clin Orthop
1985;198:134-140,

Tibone ]. Glenohumeral instability in overhead athletes. In:
Bigliani L, ed. The unstable shoulder. Rosemont, IL: American
Academy of Orthopaedic Surgeons, 1996:91-98.

Tibone JE, Fechter |, Kao JT. Evaluation of a proprioception path-
way in patients with stable and unstable shoulders with cortical
evoked potentials. | Shoulder Elbow Surg 1997;6:440-443,
Ticker ], Bigliani L, Soslowsky L, Pawluk R, Flatow E, Mow V.
Inferior glenohumeral ligament: geometric and strain-rate
dependent properties. | Shoulder Elbow Surg 1996;5:269-279.

Townley C. The capsular mechanism in recurrent dislocation of

the shoulder. ] Bone Joint Surg Am 1950;32:370-380.

Turkel S, Panio M, Marshall ], Girgis I Stabilizing mechanisms

preventing anterior dislocation of the glenohumeral joint. | Bone
Joint Surg Am 1981;63:1208-1217.

Lingersbock A, Michel M, Hertel R. Factors influencing the
results of a modified Bankart procedure. | Shoulder Elbow Surg
1995;5:365-369.

Lithoff H, Piscopo M. Anterior capsular redundancy of the
shoulder: congenital or traumatic? An embryological study. J
Bone Joint Surg Br 1985;67:363-30606.

Vahey |, Lippitt §, Matsen Fl. Scapulochumeral balance: the limits
of angular stability provided by glenoid geometry. Presented at
the Annual Meeting of the American Academy of Orthopaedic
Surgeons. San Francisco, CA, 1993,

Vanderhooft E, Lippitt S, Harris S, Sidles ], Harryman DI, Matsen
FI. Glenohumeral stability from concavity-compression: a

251.

252,

253,

254,

255,

256,

257.

259,

260.

2061.

262.

263

264.

265.

20606,

267,

268.

206Y9.

270,

271.

272,

311

quantitative analysis. Presented at the 8th Annual Meeting of the
American Shoulder and Elbow Surgeons. Washington, DC, 1993,
Vangsness C], Ennis M. Neural anatomy of human glenoid
labrum and shoulder ligaments. Proceedings of the American
Academy of Orthopaedic Surgeons 59th Annual Meeting. Wash-
ington, DC. Park Ridge: American Academy of Orthopaedic Sur-
geons, 1992,

Vangsness CI, Ennis M, Taylor ]G, Atkinson R. Neural anatomy
of the glenohumeral ligaments, labrum, and subacromial bursa.
Arthroscopy 1995;11:180-184.

von Lisenhart-Rothe RM, Jager A, Englmeir KH, Vogl TJ,
Graichen H. Relevance of arm position and muscle activity on
three-dimensional glenohumeral translation in patients with
traumatic and atraumatic shoulder instability. Am | Sports Med
2002;30:514-522.

Walch G, Boileau P, Levigne C, Mandrino A, Neyret P, Donell
S. Arthroscopic stabilization for recurrent anterior shoulder
dislocation: result of 59 cases. Arthroscopy 1995;11:173-179,
Walch G, Boileau P, Noel E, Donell 8. Impingement of the deep
surface of the supraspinatus tendon on the posterosuperior gle-
noid rim: an arthroscopic study. ] Shoulder Elbow Surg 1992;1:
238-245.

Walch G, Boileau P. Morphological study of the humeral proxi-
mal epiphysis. | Bone Joint Surg Br 1992;74:14-20.

Wang VM, Flatow EL. Pathomechanics of acquired shoulder
instability: a basic science perspective. | Shoulder Elbow Surg
2005;14:52-511.

. Warner ], Caborn D, Berger R. Dynamic capsuloligamentous

anatomy of the glenohumeral joint. J Shoulder Elbow Surg 1993;
2:115-133.

Warner ], Deng X, Warren R, et al. Static capsuloligamentous
restraints 1o superior-inferior translation of the glenohumeral
joint. Am | Sports Med 1992;20:675-685.

Warner |, Deng X, Warren R, et al. Superior-inferior translation
in the intact and vented glenohumeral joint. | Shoulder Elbow
Surg 1993;2:99-125.

Warner J, Flatow E. Anatomy and biomechanics. In: Bigliani L,
ed. The unstable shoulder. Rosement, I1L: American Academy of
Orthopaedic Surgeons, 1996:1-24.

Warner ), Janetta-Alpers C, Miller M. Correlation of gleno-
humeral laxity with arthroscopic ligament anatomy. | Shoulder
Elbow Surg 1994;3(suppl):532.

Warner |, Johnson D, Miller M, Caborn D. Technique for select-
ing capsular tightness in repair of anterior-inferior shoulder
instability. | Shoulder Elbow Surg 1995;4:352-364.

Warner ], Lephart S, Fu F Role of proprioception in pathoetiol-
ogy of shoulder instability. Clin Orthop 1996;330:35-39.
Warner |, Micheli 1, Arslanian L, et al. Scapulothoracic motion
in normal shoulders and shoulders with glenohumeral instabil-
ity and impingement syndrome: a study using Moire topo-
graphic analysis. Clin Orthop 1992;285:191-199.

Warner ], Micheli L, Arslanian L, Kennedy D, Kennedy R. Pat-
terns of flexibility, laxity, and strength in normal shoulders and
shoulders with instability and impingement. Am | Sports Med
1990;18:366-375.

Warner |, Paletta G, Warren R. Biplaner roentgenographic evalu-
ation of glenohumeral instability and rotator cuff tears. Pre-
sented at the Annual Meeting of the American Academy of
Orthopaedic Surgeons. Anaheim, CA, 1991.

Warner JIP, Beim GM. Combined Bankart and HAGL lesion
associated with anterior shoulder instability. Arthroscopy 1997;
13:749-752.

Warren R, Kornblatt I, Marchand R. Static factors affecting poste-
rior shoulder stability. Orthop Trans 1984;8:89.

Weber B, Simpson L, Hardegger F et al. Rotational humeral
osteotomy for recurrent anterior dislocation of the shoulder
associated with a large Hill-Sachs lesion. | Bone Joint Surg Am
1984;66:1443-1450.

Weber S, Caspari R. A biochemical evaluation of the restraints to
posterior shoulder dislocation. Arthroscopy 1989;5:115-121.
Weinberg ], Doering C, McFarland EG. Joint surgery in Ehlers-
Danlos patients: results of a survey. Am | Orthop 1999;28:
406-409.



312 Part Il: Glenohumeral Instability

273. Werner AW, Lichtenberg S, Schmitz H, Nikolic A, Habermeyer P.
Arthroscopic findings in atraumatic instability. Arthroscopy 2004;
20:268-272.

274. Weulker N, Brewe E Sperveslage C. Passive glenohumeral joint
stabilization: a biomechanical study. | Shoulder Elbow Surg 1994;
3:129-134.

275. Williams MM, Snyder SJ, Buford D: The Buford complex—the
“cord-like” middle glenohumeral ligament and absent anterosu-
perior labrum complex: a normal anatomic capsulolabral vari-
ant. Arthroscopy 1994;10:241-247.

276. Wolf E, Cheng ], Dickson K. Humeral avulsion of glenohumeral
ligaments as a cause of anterior shoulder instability. Arthroscopy
1995;11:600-607.

277. Woo 5, Gomez M, Seguchi Y, Endo C, Akeson W. Measure-
ment of mechanical properties of ligament substance from a
bone-ligament-bone preparation. | Orthep Res 1983;1:
22-29.

278. Wuelker N, Korell M, Thren K. Dynamic glenohumeral joint sta-
bility. | Shoulder Elbow Surg 1998;7:43-52.



	Anat, Biomech, and Phys of GH Inst_Page_01
	Anat, Biomech, and Phys of GH Inst_Page_02
	Anat, Biomech, and Phys of GH Inst_Page_03
	Anat, Biomech, and Phys of GH Inst_Page_04
	Anat, Biomech, and Phys of GH Inst_Page_05
	Anat, Biomech, and Phys of GH Inst_Page_06
	Anat, Biomech, and Phys of GH Inst_Page_07
	Anat, Biomech, and Phys of GH Inst_Page_08
	Anat, Biomech, and Phys of GH Inst_Page_09
	Anat, Biomech, and Phys of GH Inst_Page_10
	Anat, Biomech, and Phys of GH Inst_Page_11
	Anat, Biomech, and Phys of GH Inst_Page_12
	Anat, Biomech, and Phys of GH Inst_Page_13
	Anat, Biomech, and Phys of GH Inst_Page_14
	Anat, Biomech, and Phys of GH Inst_Page_15
	Anat, Biomech, and Phys of GH Inst_Page_16
	Anat, Biomech, and Phys of GH Inst_Page_17
	Anat, Biomech, and Phys of GH Inst_Page_18
	Anat, Biomech, and Phys of GH Inst_Page_19
	Anat, Biomech, and Phys of GH Inst_Page_20
	Anat, Biomech, and Phys of GH Inst_Page_21
	Anat, Biomech, and Phys of GH Inst_Page_22
	Anat, Biomech, and Phys of GH Inst_Page_23
	Anat, Biomech, and Phys of GH Inst_Page_24
	Anat, Biomech, and Phys of GH Inst_Page_25
	Anat, Biomech, and Phys of GH Inst_Page_26
	Anat, Biomech, and Phys of GH Inst_Page_27
	Anat, Biomech, and Phys of GH Inst_Page_28
	Anat, Biomech, and Phys of GH Inst_Page_29
	Anat, Biomech, and Phys of GH Inst_Page_30
	Anat, Biomech, and Phys of GH Inst_Page_31
	Anat, Biomech, and Phys of GH Inst_Page_32

