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Joints

ones utilize two-dimensional computed tomography
images with multiplanar reconstructions (PICO
method) or more sophisticated three-dimensional
reconstruction software. Conversely, the literature
lacks studies that accurately quantify humeral bone
defects and, above all, that demonstrate definitively
the clinical and prognostic significance of the lesion
location and size.
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Introduction
The glenohumeral joint is the joint most prone to
traumatic dislocations (1). Static stabilizers (glenoid
labrum, capsule and glenohumeral ligaments) and dy-
namic stabilizers (rotator cuff and long head of the
biceps) work together to ensure the maintenance of
the stability of this joint (2, 3). Disruption of this
complex balance underlies the onset of recurrent
shoulder instability. Glenohumeral bone defects are
regarded as one of the main causes of recurrence of
instability (4, 5). Numerous clinical (6, 7) and biome-
chanical (7-10) studies have highlighted the role of
these defects in recurrent episodes of dislocation
and instability after surgical treatment, showing how
they cause changes in the contact forces on the
joints and reduce their resistance to dislocation.

Summary
Glenohumeral bone defects are a common finding in
shoulder instability and they are strongly correlated
with recurrence of dislocation and failure following
arthroscopic Bankart repair. Most authors agree that
open surgery should be considered in the presence
of certain conditions: glenoid bone loss > 25%, a lesion
involving > 30% of the humeral head, an engaging Hill-
Sachs lesion, bipolar bone lesions even without en-
gagement. 
A careful imaging evaluation must therefore be per-
formed in order to identify, quantify and characterize
the bone defects. Even though magnetic resonance
has important additional value in the assessment of
the glenoid labrum and rotator cuff, computed tomog-
raphy scan is the examination of choice for studying
bone defects. 
Several methods have been proposed to quantify the
extent of the glenoid bone defect; the most accurate
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of bone defects, both glenoid and humeral (17, 20).
Recognizing and precisely evaluating the degree of
bone loss in the pre-operative stage seems to be cru-
cial in order to plan an appropriate treatment and re-
duce the risk of recurrence.

Glenoid bone defects
Many authors have highlighted the relationship be-
tween glenoid bone loss and recurrence of instability
after surgical repair. Rowe (21) reported recurrence
rates ranging from 6 to 62% in the presence of an an-
terior bone defect, while Burkhart and De Beer (4)
found recurrence rates of 67% in patients with signif-
icant glenoid bone defects (“inverted pear” glenoid)
versus 4% in those without such bone defects (Fig. 1).
Tauber et al. (14) found bone loss in 57% of 41 pa-
tients re-operated on for recurrence of instability.
It thus seems crucial to be able to identify the pres-
ence of glenoid bone loss, establish its location, study
its morphology, and quantify its extent. Indeed, this is
necessary because patients with glenoid bone loss in
the range of 15% to 25% undergoing arthroscopic sta-
bilization surgery show a high rate of recurrence at
medium- and long-term follow-up. Given the demon-
strated clinical importance of bone defects, all patients
who are candidates for stabilization treatments should
be carefully assessed for the presence of bone loss,
particularly those presenting the most important risk
factors, namely: many previous dislocations, a young
age at first dislocation, and a long clinical history of
instability (22). 

Avulsion of the glenoid labrum and inferior gleno-
humeral ligament complex (Bankart lesion) is the le-
sion most commonly encountered after a first
episode of anterior glenohumeral dislocation (11,
12). In between 5% and 55% of cases it is accompa-
nied by detachment of a bone fragment (bony
Bankart lesion) (13, 14). Isolated glenoid defects are
found in 22% of patients with first-time anterior dis-
location and in up to 73% of subjects with chronic
instability (11, 16). Impaction fractures of the
humeral head (Hill-Sachs lesions), caused by com-
pressive forces that develop between the proximal
humeral epiphysis and the anteroinferior margin of
the glenoid in anterior dislocation, are a further fac-
tor predisposing to chronic instability. Up to 89% of
patients with recurrent shoulder dislocation show
glenohumeral bone loss (16, 17) and a clinically rel-
evant correlation has been found between frequency
of recurrence and the area of the missing glenoid
(18). Sometimes the location of the lesions is more
important than their size, as demonstrated in recent
biomechanical studies (19). 
The clinical workup and history, performed in order
to identify general risk factors (age, sex, generalized
ligamentous laxity, sporting activities, and work), and
type of instability, must be followed by a careful imag-
ing assessment. The literature shows that in addition
to standard radiographic views, two-dimensional (2D)
and three-dimensional (3D) computed tomography
(CT) and magnetic resonance imaging (MRI) are fun-
damental for detecting the site and measuring the size

Figure 1. A: “Inverted pear” glenoid bone defect. B: CT image of a 3 o’clock-to-6 o’clock defect (corresponding to 20-
25% bone loss). C: Arthroscopic view of an “inverted pear” lesion.
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found 21% to be a “critical” value, even though limita-
tions of this study are the fact that the defect was ar-
tificially created and the authors considered only
anteroinferior defects and not exclusively anterior
ones. Many authors agree that, in terms of bone loss,
the critical limit beyond which there is a clinically sig-
nificant risk of recurrence after surgical repair (Bankart
procedure) without bone grafting is between 20% and
25% of the total glenoid surface (4, 7, 9, 30, 31).
However, the real problem is not identifying the gle-
noid defect (this is now considered a relatively simple
procedure, using true AP, Bernageau and West-Point
views), but quantifying the bone loss or size of the frag-
ment. The true AP and Bernageau views can show the
lesion as a loss of continuity of the anteroinferior pro-
file of the glenoid, with a sensitivity of 66% and a speci-
ficity of 100% (18); however, these views have a major
limitation, in that they do not provide reliable indica-
tions on the real size of the bone defect. The West
Point modified axillary view has shown a high correla-
tion with CT in estimating glenoid bone loss (32).
Burkhart et al. (33) proposed an arthroscopic meas-
urement based on the glenoid bare spot, i.e. the cen-
tral area of the glenoid where the cartilage is absent
or thinnest. The bare spot is considered to be the
central point of the glenoid, from which using an
arthroscopic probe, it is possible to measure the an-
terior or posterior glenoid radius. However, this
method can be used only intra-operatively and there-
fore has no useful role to play in the preoperative
planning stage; furthermore, anatomical studies have
shown inter-individual variability in the position of the
bare spot (34). 
MRI is the gold standard method for examining the
rotator cuff; conversely, it shows less sensitivity and
specificity (in the ranges 44-100% and 66-95%, respec-
tively) in detecting lesions of the glenoid labrum. MR
arthrography, for the capsuloligamentous, labral and
cartilaginous structures, showed sensitivity and speci-
ficity values of 86%-91% and 86%- 98%, respectively
(35). However, in order to quantify the glenoid defect
on MR arthrography it is necessary to obtain a perfect
sagittal image (en face view) of the glenoid. MR
arthrography is, in any case, more sensitive and specific
in the presence of attritional bone loss than Bankart
bony lesions. Recent studies (20, 26) have demon-
strated the validity of MR arthrography in estimating
glenoid bone defects in patients with chronic instabil-

Glenoid bone defects mainly involve the anterior rim
of the glenoid (23, 24), and may be characterized mor-
phologically by erosion (attritional bone loss) or frac-
ture (8, 23, 25-27).
Bigliani et al. (28) coined the term bony Bankart lesion
to indicate the presence of an anteroinferior bone
fragment, and classified anterior rim bone lesions into
three types: 
type 1, displaced bone fragment with inferior gleno-
humeral ligament clearly recognizable; 
type 2, poorly consolidated bone fragment and unrec-
ognizable ligamentous connections; 
type 3, bone defect corresponding to < 25% (type 3-
A) or > 25% (type 3-B) of the total glenoid surface
(indeed, they established 25% glenoid bone loss as the
main risk factor for failure of Bankart repair). 
Edwards et al. (29), studying 160 unstable shoulders,
found osseous lesions in 90% and, after plain radi-
ographs including anteroposterior (AP) and
Bernageau views, classified the patterns of glenoid
bone defects into three main groups: 
• those in which the bone fragment is still visible

(bony Bankart lesion) (Fig. 2); 
• those with loss of the anteroinferior angle and

with the bone fragment no longer visible (cliff sign); 
• those characterized by bone loss with compression

and rounding of the glenoid rim (blunted angle). 
Sugaya et al. (27), in a series of 100 unstable shoulders,
found a bony Bankart lesion in 50%, bone loss in 40%
and normal glenoid morphology in just 10%.
There is no unanimous consensus on what method
should be used to calculate a glenoid bone defect, or
on what to consider the threshold value for defining a
lesion as “severe”, or at risk of recurrence. Bigliani et
al. (28) suggested that the Bankart procedure should
not be performed in the presence of a glenoid defect
width >25%. Itoi et al. (7), in a biomechanical study,

Figure 2. Bony Bankart lesion. A: Axial 2D CT image. B:
Coronal 3D CT image.
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dius, “R”, centered on the lower two-thirds of the af-
fected glenoid. A distance, “d”, is calculated between
the center of the circle and the anterior edge of the
bone lesion. The percentage of bone loss is identified
using a function that takes into account the d/R ratio.
Baudi et al. (40) developed a simple CT method for
identifying and precisely evaluating the extent of the
glenoid bone defects. The advantages of their tech-
nique, called “PICO”, derive from the fact that it
combines simple 2D CT examination with subse-
quent MPR, and thus eliminates the need for 3D pro-
cessing and dedicated software, yet can still be used
to obtain 3D reconstructions. Standard images are
processed in MPR in order to obtain an en face view
of the glenoid. A circle with a horizontal diameter
(from 3’ o clock to 9 o’ clock) is drawn on the infe-
rior part of the healthy glenoid, , and the circle area
is measured in mm2 using commonly available soft-
ware. The circle is then transferred to the contralat-
eral glenoid and the area of bone loss outlined. The
bone defect is quantified in mm2 and as a percentage
(Fig. 4). A study performed using the PICO method
on 115 patients with recurrent anterior shoulder dis-
location showed glenoid loss in 65% of cases and a
Hill-Sachs lesion in 80% (41). The glenoid bone le-

ity of the shoulder, also in comparison with 2D and
3D CT. However, a series of factors limit the applica-
bility of this technique: its high costs, relative invasive-
ness, general contraindications (presence of
pacemakers, cochlear implants, ferromagnetic im-
plants, etc.) and also the various complications that
can arise (allergic reactions, infections, pain on injec-
tion of the contrast medium).
CT scanning is currently the method of choice for
studying glenoid bone defects (9, 23-25, 27) (Fig. 3).
Recurrent dislocations, a strongly positive apprehen-
sion test at minimum degrees of abduction, bone de-
fects shown on plain radiographs, and the need for
surgical stabilization are the main indications for per-
forming a CT study (36). A study by De Wilde et al.
was the first to confirm the pathological changes on
whose basis various methods of measuring glenoid
bone loss on CT or MRI studies were developed (37).
In a cadaveric study, these authors, examining 98
scapulae, identified 11 reproducible anatomical points
that can be used to trace a perfect circle including the
inferior part of the glenoid. On this basis, Sugaya et al.
(27) developed a method, based on the processing of
3D CT images of the glenoid (with the humeral head
eliminated), for identifying and calculating glenoid
bone loss, which they expressed as a percentage of
the articular surface. CT scans of both the patient’s
shoulders are acquired; a circle with a horizontal di-
ameter (from 3’ o clock to 9 o’ clock) is drawn on
the normal glenoid, following its lower edge; then,
using dedicated CT software, the area of the inferior
part of the normal glenoid is calculated. The proce-
dure is then repeated on the unstable shoulder, trac-
ing, on the glenoid, the circle of the normal (i.e.
contralateral) glenoid and the area of bone loss is out-
lined. A limitation of this method is the need to have
dedicated software (38). 
Griffith et al. (23) described a method for calculating
glenoid defects, based on CT images with multiplanar
reconstruction (MPR); they calculated the maximum
width of the affected glenoid and compared it with
that of the contralateral glenoid. Chuang et al. (9) de-
veloped a similar method using 3D CT images; these
authors considered a glenoid index defined as the
ratio between the diameter of the deficient glenoid
and that of the healthy contralateral one. Instead,
Barchilon et al. (39) proposed a method based on the
tracing, on 3D CT en face images, a circle with a ra-

Figure 3. Bony Bankart lesion. 3D CT image (en face
view).
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Humeral bone defects
The Hill-Sachs lesion, named after the authors who
described it in 1940, is a fracture of the posterior-su-
perior aspect of the humeral head, which is caused by
impaction of the latter against the glenoid rim during
anterior dislocation. In the rare event of posterior dis-
location, a similar lesion is formed, in the same way,
but on the anterior aspect of the head of the humerus
(reverse Hill-Sachs lesion). 
In the decision-making process in cases of recurrent
anterior shoulder instability, humeral bone defects
have always tended to be considered less important
than glenoid ones, even though the authors who first
described the Hill-Sachs lesion found it to be present
in 74% of recurrent dislocations (44). 
The prevalence of this lesion reported in the litera-
ture is highly variable, with values ranging from 38 to
93%, depending on the diagnostic instruments used
and the sample observed. Bushnell et al. (45) reported
a frequency of 70% in first-time dislocations and 93-
100% in recurrences.
Hill-Sachs lesions can be identified using plain radiog-
raphy, MRI, MR-arthrography and CT. The radiographic
views that can highlight a Hill-Sachs lesion are: AP in
maximum internal rotation and another more specific
view called the Stryker notch view. Plain radiographs
often underestimate humeral bone loss and are still
considered inadequate for quantifying it (46). MRI is
the technique that, thanks to the altered signal inten-
sity of the injured (cancellous) bone compared with
the intact humeral bone, detects Hill-Sachs lesions
with the greatest reproducibility (47), and it shows high
sensitivity (97%). However, MRI can underestimate
bone loss (36). Furthermore, MRI can give false-posi-
tive results: erosions or small grooves can be mistaken
for Hill-Sachs lesions, as can the bare area: this area is
in fact visible as a small cartilage-free area on the pos-
terolateral aspect of the humeral head and it is a nor-
mal finding; Hill-Sachs lesions, on the other hand, are
located, on average, 0-24 mm from the top of the
humeral head in a posterosuperior position (48).
The gold standard for identifying and quantifying
humeral bone defects is CT, especially with 3D recon-
structions (46) (Fig. 6).
The first method for quantifying Hill-Sachs lesions
dates back to 1959: the defect was calculated on plain
radiographs as the percentage of lesion involvement
in a 180° arc on the surface of the humeral head (49).

sions observed could be categorized into three main
types. The first is the classic Bankart bony lesion. The
second type, called the “straight pear” (Fig. 5) lesion,
is determined by anterior glenoid bone loss, often as
a result of compressive injuries, such as those caused
by impaction of the humeral head against the ante-
rior edge of the glenoid; lesions of this kind, found in
55%-65% of cases, are characterized by glenoid bone
loss of between 5% and 15%, identifiable by drawing
a straight line between 2 o’ clock and 5 o’ clock (25,
41). The third type of lesion, resulting from more se-
vere injury, is bone loss >20%, identifiable by drawing
an oblique line between 3 o’ clock and 6 o’ clock; this
type of lesion is found in between 5% and 10% of
cases (25, 41). 
Various studies have documented the validity of this
method (42). Magarelli et al. (43) applied it to 40 pa-
tients and confirmed its excellent reproducibility. In a
recent study, the same authors (17) showed high
agreement (97%) between 2D and 3D CT measure-
ments for identifying the presence, size and type of
glenoid bone defects in anterior glenohumeral insta-
bility, and claimed that the two measurements can be
considered interchangeable. Finally, Bois et al. (16)
studied the accuracy of the Glenoid Index (9), Ratio
method (39) and PICO method (40) and concluded
that 2D reconstruction is not recommended for
these methods; on 3D CT, they found the PICO
method to be the one that most accurately quantified
bone loss, both anterior and anteroinferior, and thus
recommended its wider use.

Figure 4. Quantification of glenoid bone loss using the
PICO method on en face 2D CT image of the glenoid with
MPR.
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the lesion should be calculated on axial and coronal
CT images with measurements expressed as a per-
centage of the total area of the humeral head. 
Some authors have shown that not only the size, but
also the location and orientation of Hill-Sachs lesions
can have clinical and prognostic significance and intro-
duced the concept of engagement of the glenoid and
humeral head during movements at various degrees
of abduction and external rotation (4, 46, 52, 53). Ya-
mamoto et al. (19) used the term “glenoid track” to
describe the zone of contact between the articular
surfaces of the glenoid and humeral head during com-
bined abduction and external rotation movements,
and showed that there is a risk of engagement if the
lesion extends beyond the medial margin of that zone.
According to this theory, the depth and extent of the

Even though this method has its limits, given that it
calculates the extent of the damage in only one plane
and lacks prognostic value, is still widely used and can
be quickly and easily applied to CT and MRI studies.
It was used in 1984 by Rowe et al. (21), who also took
into account the depth of the lesions. They calculated
two dimensions (depth and length) of the lesions and
correlated these results with clinical severity. This al-
lowed them to grade the lesions as mild (<0.5cm deep
and < 2cm long), moderate (0.5-1cm deep and 2-4cm
long) and severe (>1cm deep and >4cm long). Flatow
et al. (50) suggested quantifying the humeral bone loss
as a percentage of involvement of the humeral head,
classifying defects in three categories: <20%, 20-40%
and >40%. Lesions >40% are clinically significant.
Montgomery et al. (51) specified this method further:

Figure 5. A: “Straight pear” glenoid bone defect. B: CT image of a 2 o’clock-to-5 o’clock defect (corresponding to 10-15%
bone loss). C: Arthroscopic view of a “straight pear” lesion.

Figure 6. Hill-Sachs lesion on the posterior-superior aspect of the humeral head. A: Axial 2D CT image. B: Coronal 3D
CT image. C: Sagittal 3D CT image.
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Therefore, in recurrent shoulder instability, careful
identification of the site and extent of a Hill-Sachs le-
sion is crucial in order to plan and to choose the ap-
propriate treatment.
Surgical repair of a Hill-Sachs lesion may be indicated
in the presence of a defect that is > 25% of the vol-
ume of the humeral head, or when there is engage-
ment. It may also be indicated in young people who
play collision sports and in cases of recurrence fol-
lowing a previous Bankart repair in patients with
humeral bone loss. The following, on the other hand,
are contraindications to the procedure: signs of os-
teoarthritis, avascular necrosis, advanced age (rela-
tive), rotator cuff tear associated with functional
limitation (46).
An isolated Hill-Sachs lesion equal to or less than 25%
of the humeral head should never be treated surgically
if the Bankart lesion is well repaired. However, the
presence of concomitant glenoid bone loss or rotator
cuff damage needs to be carefully looked for in order
to avoid failures (6, 46, 54). 
For many years, the Hill-Sachs lesion was considered
less important than glenoid bone loss, with the result
that surgical repair techniques were performed sim-
ply to obtain joint stability, with little attention paid
to the achievement of anatomical recovery and the
restoration of joint congruity; this approach resulted
in early onset of arthritic changes, decreased range
of motion and a high number of failures. In 1984,
Weber et al. (59) described, for the first time, a tech-
nique involving rotational humeral osteotomy of the
proximal diaphyseal segment to prevent recurrent in-
stability. In 1972, Connolly (60) introduced the rem-
plissage technique, which was subsequently developed
arthroscopically (61), in the form of a technique that
involves transferring the infraspinatus and possibly
the posterior capsule into the defect in such a way
that the Hill-Sachs lesion becomes an extra-articular
lesion. This solution guarantees full recovery of sta-
bility at the expense of a slight reduction in external
rotation (55, 62). Various authors agree that treat-
ment with remplissage is indicated when the defect
involves more that 25% of the humeral head, and
should be associated with anterior capsulolabral re-
construction (55, 63). 
For an engaging Hill-Sachs lesion or a lesion involving
> 30% of the humeral head associated with > 20% gle-
noid bone loss, authors recommend surgical autolo-

lesion, while contributing to the risk of recurrent
shoulder instability, are less important than its loca-
tion. The authors noted that the “medial margin of the
glenoid track was located 18.4 ±  2.5 mm medial from
the footprint” of the rotator cuff , a distance “equiva-
lent to 84% ±  14% of the glenoid width” (19). 
Engaging Hill-Sachs lesions are the ones with the
worst prognosis, carrying a 100% risk of recurrence
of instability (4). In addition to this type of lesion, there
are a great amount of Hill-Sachs lesions, of different
dimensions and locations, that do not give rise to en-
gagement but are just as severe, in terms of prognosis,
as the engaging type, so much so that many authors
have sought to establish the existence of a critical le-
sion size, albeit they failed to document this. However,
25% bone loss has been recognized as a critical
threshold beyond which surgery should be recom-
mended, given that biomechanical studies and instru-
mental-clinical-arthroscopic correlations have shown
this volume of humeral bone loss to lead to biome-
chanical alterations capable of inducing instability (36,
46, 54-56). Other authors have instead linked the risk
of recurrent dislocations to the extent of bone loss
calculated in relation to the glenoid, claiming that
humeral bone loss greater than 21% of the superior-
inferior length of the glenoid or 25% of its depth will
result in instability (52). 
It is important to point out that in the presence of a
Hill-Sachs lesion it is essential to look for glenoid
bone loss, given its remarkably high frequency in these
cases (up to 100%). It is fundamentally important to
diagnose this association, known as a bipolar injury
(36, 57), because in the presence of glenoid bone loss
the glenoid track area shrinks and the medial margin
draws closer to the footprint, thus increasing the risk
of engagement even for apparently innocuous lesions. 
Other authors have also studied the morphology of
humeral bone loss, looking for correlations with clin-
ical history. It has been shown that the volume of
bone loss increases with increasing numbers of dislo-
cations, but that its depth reduces, indicating more se-
vere instability; conversely, the defect appears deeper
in cases of acute dislocation following a high-energy
trauma, repeated attempts at reduction of the dislo-
cation under anesthesia, and in cases of chronic dis-
location (53, 58). The mean depth of the lesion in
cases of dislocation is 3.9 ± 0.9 mm, as opposed to
2.1 ± 1 mm in subluxation episodes (53).
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in recurrent anterior glenohumeral instability. J Bone Joint
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sions associated with recurrent anterior dislocation of the
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bone defects in chronic anterior shoulder instability.
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gous graft or allograft reconstruction, fixed with minis-
crews (10, 36, 56).
In the presence of humeral head defects involving
more than 40% of the articular surface, most authors
recommend the implantation of shoulder resurfacing
prostheses, albeit after very careful patient selection
(46, 64). 
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