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The glenohumeral joint’s remarkable stability is maintained 
by numerous anatomic restraints, including the bony 
articulation and an elaborate array of dynamic and static 

soft tissue mechanisms. Despite these restraints, the shoulder’s 
extensive range of motion and shallow socket make it prone to 
subluxation and dislocation injuries. Of the anterior restraints 
of the shoulder joint, the labrum and capsule are traditionally 
injured (Bankart tear). An increasingly recognized problem 
is injury to the bony portion of the glenoid (bony Bankart). 
Osseous injury to the glenoid is one of the most important 
factors in the successful management of recurrent shoulder 
instability.27,31 Proper early recognition of glenoid bone injury in 

the setting of recurrent instability improves nonoperative and 
operative decision making, particularly in the athletic patient.

Pathoanatomy and Biomechanics of 
Shoulder Instability

The glenoid articular surface and labrum are approximately 9 
mm deep in the superoinferior direction and 5 mm deep in 
the anteroposterior (AP) direction.14 The glenoid often has a 
thinning in its cartilaginous surface; the bare area is consistently 
equidistant from the anterior, posterior, and inferior glenoid 
margins.4 Following initial traumatic dislocation, articular 
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constraints in the AP direction may be damaged, reducing the 
socket depth and the restraining capability of the glenoid.

After a traumatic anterior dislocation of the shoulder, 
the most common structural injury is an avulsion of the 
anteroinferior capsulolabrum, also known as a Bankart lesion.2 
If there is an associated fracture in the glenoid rim, the term 
bony Bankart lesion is more applicable. True incidence of bony 
Bankart lesions is difficult to ascertain, but it may be 22% of 
patients experiencing an initial shoulder dislocation and 90% 
of those with recurrent shoulder instability.27,36

Bony defects of the anterior glenoid result in an arc mismatch 
allowing the humeral head to subluxate anteriorly easily with less 
force.3,27 Disparity in articular surface length often has a negative 
effect on the glenoid’s ability to resist axial forces.3 Additionally, 
bony Bankart lesions decrease the depth of the glenoid’s articular 
conformity with the humerus, resulting in a loss of the buttress-
type restraint to anterior humeral translation.3,20 If a corresponding 
posterolateral humeral head indentation fracture (Hill-Sachs 
lesion) is present, shoulder instability is exacerbated.7

Clinical Significance of Glenoid 
Bone Loss

In the acute setting (onset < 3 months), fracture fragments 
of the anterior glenoid may still be present.28,33 As instability 
becomes chronic (> 6 months), partial resorption of fracture 
fragments begins to occur.35 In 21 patients with recurrent 
anterior glenohumeral instability at mean 15.0 months after 
initial traumatic dislocation, erosive bone loss was found 

without an identifiable Bankart fragment in 10 patients (48%) 
at time of arthroscopy.22 Some rim defects occur at the time of 
initial traumatic anterior glenohumeral dislocation, while other 
lesions develop in an attritional manner secondary to recurrent 
instability events.

The size of the defect plays a critical role in determining which 
osseous lesions are clinically significant. The glenoid’s widest 
anterior-to-posterior dimension is 23 to 30 mm, with most 
patients between 24 and 26 mm.15 Osseous defects that measure 
6 to 8 mm may actually be 25% of the glenoid articular width.

Osseous defects between 0% and 15% of glenoid width 
(< 3-4 mm from the original anterior glenoid rim) are usually 
trivial in most patients, while defects greater than 20% to 30% 
width (> 6-10 mm from the original anterior glenoid rim) are 
generally significant.27 Bone loss in this range may also be 
significant with high athletic and work demands.

Approach to Patient with 
Recurrent Instability
History and Physical

Glenoid bone loss is suggested when a patient recalls a high-
energy injury mechanism, especially if the arm was abducted 
(70° or more) at that time. Patients with osseous defects usually 
complain of instability within the midranges of motion (20° to 60° 
of abduction) or recall a progression of instability. The age and 
handedness of the patient are important factors. Older patients are 
more likely to have a concomitant rotator cuff tear, and instability 
in the dominant arm is likely to be more debilitating.

Subtle physical examination findings are often recognized 
because of dissymmetry. Special attention should be paid to 
the magnitude and direction of the instability during the Jobe 
relocation test,16 sulcus sign,23 Gagey hyperabduction sign,9 
and apprehension sign.21 The apprehension test should be 
performed to highlight glenoid bone loss in various degrees 

Figure 1. Apical oblique view. A radiographic cassette 
is placed flat against the scapula on the affected side 
while the patient sits with his or her arm in the lap. The 
radiographic beam is focused on the coracoid process, 
perpendicular to the cassette, except that it is angled 45° 
caudally off the anteroposterior glenohumeral view. This 
allows the beam to be tangential to the anteroinferior 
aspect of the glenoid rim.

Figure 2. West Point axillary view. With the patient made 
prone, and the upper arm is abducted 90° from the 
trunk while the hand is pronated. A radiographic beam 
is directed at the axilla at a 25° angle medially and 25° 
angle cephalad, centered inferiorly and medially to the 
acromioclavicular joint.
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of abduction and external rotation. Most patients with anterior 
shoulder instability will have a positive apprehension test when 
the arm is in the 90°-abduction and 90°–external rotation 
position. With glenoid bone loss, the humeral head often 
subluxates in the midranges of abduction (30° to 90°) and 
lower levels of external rotation. If the humeral head translates 
anteriorly with crepitus or a palpable clunk, an underlying 
osseous defect may be present.

Imaging

Initial plain film evaluation should include an AP view; a “true” 
AP view in the plane of the scapula, or Grashey projection; 
an axillary view; and a scapulolateral Y view.8 The Grashey 
projection is perpendicular to the glenohumeral joint, providing 
visualization of the joint space and humeral head positioning. 
The axillary view visualizes joint space abnormalities and anterior 
or posterior glenoid rim fractures. It is particularly useful in 
identifying the direction of subluxation or dislocation, Hill-Sachs 
lesions, and reverse Hill-Sachs lesions. When patient discomfort 
compromises the ability to obtain standard axillary views, the 
trauma axillary view, or Velpeau view, may be employed.27

The highest yield projections for detecting glenoid bone loss 
include the apical oblique view (Garth view),10 West Point view,30 
and Didiee view.26 The apical oblique view is optimal for Bankart 
fractures on the anteroinferior glenoid rim, calcifications, and 
impression fractures on the posterior margin of the superolateral 
humeral head following dislocation (Figure 1). The West Point 
view is tangential to the anteroinferior rim of the glenoid for bony 
Bankart lesions (Figure 2).

If plain radiographs are suggestive of bone loss, then computed 
tomography (CT) scan (Figure 3) or magnetic resonance 
imaging is indicated. The 3-dimensional CT scan allows digital 
subtraction of the humeral head from the glenohumeral complex. 
Consequently, the scapula and glenoid fossa can be visualized as 
a free body not obscured by the humerus. There are also other 
indications for obtaining a 3-dimensional CT scan (Table 1).

Magnetic resonance imaging and arthrography may be 
helpful in identifying soft tissue pathologies, including rotator 
cuff and superior labral anterior posterior (SLAP) tears, glenoid 
labrum articular disruptions,25 anterior labral periosteal sleeve 
avulsions,24 and humeral avulsions of the glenohumeral 
ligaments.32 Magnetic resonance techniques are generally 
inferior to 3-dimensional CT scan for bone loss quantification.

Radiographic Measurement

Estimation of the amount of glenoid bone loss is essential for 
guiding management, advising patients, and surgical decision 
making. Very large osseous injuries are rare. More common 
are defects in the 10% to 25% range (3-9 mm).27 A 6- to 

Table 1. Indications for obtaining a computed tomography 
scan in patients with shoulder instability.a

Indications for Computed Tomography Scan

Multiple dislocations

Bilateral shoulder dislocation, especially in nondominant 
arm

Failed stabilization procedure

Dislocation after trivial trauma (initial episode) or little 
provocation

Radiographs or MRI demonstrating glenoid bone loss

Instability in midranges of motion

aThree-dimensional computed tomography scan is best for 
quantification of bone loss. Adapted from MT Provencher, “Clinical 
Grading of Hill-Sachs Injuries: Association With Glenoid Bone Loss and 
Application of the ‘Glenoid Track’ Concept—When Is There Humeral 
Head Engagement?” American Shoulder and Elbow Surgeons 2009 
closed meeting, New York, NY, 2009.

Figure 3. Glenoid bone loss as seen on 3-dimensional computed tomography reconstruction. Bone loss is classified as (A) acute 
fracture, (B) partial attritional, or (C) chronic attritional.
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8-mm bony defect may represent 20% to 25% bone loss with 
disastrous consequences for recurrent shoulder instability and 
further attritional bone loss.3,27

The basic concept for determining glenoid bone loss involves 
modeling the inferior portion of the glenoid as a true circle on 
an en face view, thereby facilitating percentage area calculations 
with basic geometry (Figure 4A).34 Surface area of the best-
fit circle and osseous defect can be digitally measured using 
specialized computer software (Figure 4B).34 Alternatively, 
osseous defects can be measured by bare-spot-to-rim distances 
on CT scan or at arthroscopy (Figure 5).4,33 Finally, if the length 
of the Bankart fragment is greater than the radius of the circle, 
dislocation resistance is decreased by 70% (Figure 6).11

Surgical Decision Making and Treatment

Surgical intervention is often required in patients with glenoid 
bone loss, particularly when a trial of conservative treatment 
fails to reestablish adequate function and quality of life. Surgery 
is generally recommended for patients who are young (< 25-30 
years) and highly athletic (especially overhead or contact athletes) 
and have had multiple recurrences. Patients with an acute Bankart 
fracture that comprises greater than 25% to 30% of the glenoid 
surface will benefit from early operative intervention.3

For athletes with recurrent shoulder instability and less 
than 15% bone loss, bony restoration of the glenoid generally 
is not required and may be treated with arthroscopic soft 
tissue stabilization. Athletes with greater than 25% of bone 
loss usually require bony restoration of glenoid bone loss.27 
A 10-point preoperative instability severity index score can 
be used to identify the following risk factors for recurrent 
shoulder instability: 20 years old or younger at time of surgery, 
participation in competitive contact sports or activities requiring 

overhead activity, hyperlaxity, and significant Hill-Sachs lesion.1 
Patients with these characteristics may be better served with an 
open procedure that reconstitutes osseous anatomy instead of 
arthroscopic stabilization alone.1

Glenoid bone defects can be reconstructed with an open 
Latarjet procedure, augmentation with an iliac crest bone graft, 
glenoid osteochondral allograft, or distal tibia osteochondral 

Figure 4. A, a best-fit circle is drawn on the inferior two-thirds of the glenoid to allow quantification of percentage bone loss; B, 
measurement of bone loss according to surface area.34 On an en face view of the glenoid, surface areas of both a best-fit circle on 
the inferior two-thirds of the glenoid and the Bankart fragment are digitally measured. Percentage bone loss is quantified according 
to the equation.

Figure 5. Quantification of glenoid bone loss based on glenoid 
rim distances.4,33 Using the intersection of the longitudinal 
axis and the widest anteroposterior diameter of the glenoid, 
the bare area is approximated on the glenoid fossa. A best-
fit circle centered at the bare spot approximation is then 
drawn about the inferior two-thirds of the glenoid (green). 
The distances from the bare spot to the anterior edge (A) and 
posterior rim (B) are subsequently measured. Percentage 
bone loss is computed according to the formula.
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allograft.27,29 The Latarjet achieves glenohumeral stability by 
positioning a coracoid autograft as an extension of the glenoid 
articular arc (Figure 7).17,18,19 The attached conjoined tendon 
functions as a secondary restraint to anterior glenohumeral 
translation.5,19

The inner table of the iliac crest is concave and fits well with 
the native glenoid curvature.12,13,38 A glenoid osteochondral 

allograft provides an articular surface along with the added 
bony stability.6,29,37 The inferior surface of a distal tibia allograft 
can provide a good anatomic articular surface and is much 
easier to obtain.29

Athletes with marginal bone loss (15%-25%) may not require 
bony reconstruction of the glenoid.27 Contact athletes usually 
require bony restoration of the glenoid, either with the Bankart 

Figure 6. Significance of Bankart fragment length. If length 
(x) is greater than half the widest anteroposterior diameter 
(R), the dislocation resistance is ≤ 70% that of an intact 
glenohumeral joint.11

Figure 7. Computed tomography image of glenoid after 
bone augmentation with Latarjet procedure.

Figure 8. Algorithm for surgical management of glenoid bone loss in athletes with recurrent shoulder instability. Adapted from 
Piasecki et al.27
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fragment (acute setting), Latarjet, or augmentation procedure 
with iliac crest bone graft or osteochondral allograft (chronic 
setting) (Figure 8). Low-demand athletes (noncontact athletes) 
may do well with a soft tissue stabilization procedure alone.

For many patients with anterior glenoid bone loss, a 
concomitant Hill-Sachs deformity may be present on the 
humeral head. Treatment for Hill-Sachs lesions is dictated more 
by the position of the lesion rather than size alone.39 Hill-
Sachs lesions that extend medially over the zone of contact 
of the humeral head are more likely to be symptomatic and 
contribute to anterior shoulder instability.39

Conclusions

Bony injury to the glenoid is one of the most important aspects 
of recurrent shoulder instability treatment. A 6- to 8-mm bony 
defect may represent a 20% to 25% osseous injury. Proper early 
recognition of glenoid bone injury in the setting of recurrent 
instability will improve decision making, particularly in the 
athletic patient.
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