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An osseous Bankart lesion is commonly seen in patients with an anterior shoulder dislocation. It
is defined as a detachment of the anteroinferior labrum associated with a glenoid rim fracture.
Radiological studies are crucial not only for detecting glenoid bone defects but also for measuring
the amount of bone loss. The precise quantification of the bony defect is crucial for the therapeutic
desicion-making and clinical outcomes. Although we know that major glenoid bone loss requires
surgical intervention, none of the studies performed so far answered the question what size of the
defect should be an indication for open surgery procedures. Moreover, there is still no consensus on
the exact percentage of glenoid loss that results in a higher risk of re-dislocations. In our opinion,
there is a strong need for a consensus on universally accepted measuring techniques of the glenoid
defect as well as on algorithms with validated glenoid bone loss threshold values for therapeutic
decision-making. In this study, we review the techniques described so far in the literature and
try to assess if any of these techniques should be treated as a leading method of detecting and
quantifying osseous glenoid lesions.
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Background
An osseous Bankart lesion is commonly seen in patients
with an anterior shoulder dislocation and is defined as a
detachment of the anetroinferior labrum associated with
a glenoid rim fracture. In a recent anatomic study, the 3:
20 position has been found to be the most common location of the defect [1]. The glenoid defect may be a bone
fracture caused by a primary injury or a bone erosion
caused by repetitive episodes of subluxations and/or dislocations [1–3]. The glenoid bone defect has been proved
to change the normal shoulder kinematics which results
in anterior shoulder instability and further re-dislocations [4,5]. Radiological modalities are crucial not only
for detecting glenoid bone defects but also for measuring
the amount of bone loss. These measurements assist further surgical planing. The usefulness of available modalities fro the assessment of bone loss, ranging from classic
radiographs, through CT with 2D and 3D reconstructions,
MR, MR or CT-arthro, have been widely described. The
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usefulness of available modalities FOR the assessment of
bone loss, ranging from classic radiographs, through CT
with 2D and 3D reconstructions, MR, MR or CT-arthro,
have been widely described.

Radiograms
When diagnosing anterior shoulder instability, the usual
initial imaging modality is an anteroposterior radiograph
of the shoulder. Radiographs of a stable shoulder present a sclerotic line which represents the normal anterior
glenoid rim (Figure 1). The absence of that line for more
than 5 mm from the inferior glenoid edge indicates bone
lesion of the anterior glenoid rim (Figure 2). That sign
is described as LSGL (loss of sclerotic glenoid line) [6].
Jankauskas et al.compared the LSGL sign on true AP radiographs with CT images. It appears that LSGL is moderately sensitive and highly specific for the detection of
anterior osseous lesions. Several other projection of radiographs have been used for the imaging of anterior shoulder
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Figure 1. AP radiograph of a stable shoulder presents a preserved
sclerotic line.

Figure 2. AP radiograph of the shoulder presents the loss of sclerotic
glenoid line which indicates glenoid anterior rim bone
lesion.

instability. The most common are Didiee, West Point and
the so-called Barnegeau views [6,7]. For instance, in the
West-Point view, the patient is in the prone-position with
an abducted forearm, and the X-ray beam is angled 25°
medially and anteriorly so that the anteroinferior glenoid
rim is well demonstrated. The main advantage of the true
AP radiograph is the fact that it is most commonly used,
which makes it easily accessible in virtually every medical
centre. It does not require any enforced forearm positions,
which may be hard to perform by patients with a limited
range of motion. However, the usefulness of this modality
is limited in bilateral shoulder dislocations due to the lack
of an intact contralateral side for comparison. Moreover,
detecting small glenoid bone defects and a precise calculation can not be performed with this technique [4].

glenoid surfaces. By drawing two identical circumferential
areas on the inferior parts of both glenoids, it is possible to
measure the missing part of the circle in the affected glenoid and express that area as the size of the defect. The
calculating formula was: surface D/surface A ×100, where
surface D refers to the size of the missing part of the circle
in the affected glenoid and surface A refers to the size of
the circle in the healthy glenoid (both areas measured in
square millimetres). Intra- and inter-observer readability
in the Pico method has been found to be very good [2,10].

Computed Tomography
A typical feature seen in reformatted en face images of
the glenoid fossa is a flattening of the anterior counter.
Griffith et al. claim that en face images are more useful in quantifying anterior bone loss than 3D reconstructions, because good-quality 3D reconstructions are not as
easily achievable as en face glenoid views [8]. In the same
study, the authors proposed the two following measuring
techniques as the best indicators of glenoid bone loss. The
first is the difference between the maximum width of the
glenoid fossa in both the unstable and the contralateral
healthy shoulder (Figure 3). The second technique measures
the maximum glenoid width and length, which allows to
calculate a width to length ratio. Flattening of the anterior curvature with an unchanged glenoid length results in
decreased values of this ratio. The referential value for stable shoulders equals approximately 0,7 [8].
The principle of measuring bone defects on sagittal en-face
views is based on the fact that the inferior aspect of the
glenoid resembles a circle. The circle can be drawn along
the posterior, anterior and inferior margins of the glenoid
[9]. The best-fit circle method led to several different measuring techniques.
The method introduced by Baudi et al., i.e. the Pico method, is based on CT scanning of both shoulders to provide
oblique sagittal images of the healthy and the affected

3D-CT reconstructions with the humeral head removed
have been introduced by Sugaya et al. as another radiological modality to visualise glenoid fossa morphology and to
measure bone defect size. In the inferior part of the glenoid, the authors drew a circle which fit the outer counter of the rim. If a bone fragment was present, the authors
quantified its size by calculating the ratio between the
fragment area and assumed an area of the lower circular
portion of the glenoid (Figure 4). In case there is no free
osseous fragment, the missing part of the circle resembles
the defect (Figure 5) [11]. The main differences between
3D (Sugaya) and 2D (Pico) techniques is that the 2D (Pico)
reconstructions require both shoulders to be scanned.
According to Griffith at al., the crucial criteria for the
analysis of glenoid fossa on CT images require comparisons with the healthy contralateral side, which makes the
2D-CT reconstructions useful for only unilateral glenoid
rim lesions [12].
Another technique using 3D CT reconstructions is the glenoid index described by Chuang et al. The glenoid index is
the ratio between the width of the injured glenoid and the
width of the unaffected glenoid before an injury (Figure 6)
[13]. This technique is similar to the Pico technique, where
the shoulder before an injury is tantamount to the contralateral healthy shoulder described by Baudi. Finally, a
unilateral quantification of the unstable shoulder in 3D CT
images was used in Barchilon et al. study. These authors
proposed a simple method of measuring the size of the glenoid defect by calculating the ratio between the depth and
the radius of the best-fitted circle. The depth was defined
as the line drawn from the centre of the circle to the
injured anterior glenoid margin [14].
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Figure 3. (A) CT 3D reconstruction of the glenoid surface of both shoulders. Affected side: the bone loss in the anterior part of the glenoid is present.
(B) Opposite side: the surface of the unaffected glenoid is visualised with unchanged maximum width.

Figure 4. CT 3D reconstruction of the glenoid surface on sagittal
en-face view. The bone loss of the anterior part of glenoid is
present with a large bone fragment.

Figure 5. CT 3D reconstruction of the glenoid surface. Best fit circle
method. Blue line presents the width of the missing bone
fragment.

All methods that require measurements of the contralateral healthy glenoid assume that the size and shape of both
glenoids are symmetrical. The exact side-to side symmetry has been proved by Lin Shi et al. [15]. These authors
compared side-to-side glenoid shapes as well as sizes by
detailed digital analysis of CT scans. They measured maximum glenoid length, width, area and circumference. None
of these parameters showed significant statistical differences between both sides. This supports the use of the contralateral glenoid for comparisons.

CT is considered to be a highly sensitive and specific
technique of detecting and quantifying glenoid bone loss.
Moreover, it is considered the most accurate radiological modality for the visualization of the cortical glenoid
rim [4,8,16]. Despite these advantages, there are some
downsides that one should remember when analysing
CT scans. Firstly, the amount of bone defect of the anterior glenoid rim does not correlate in a linear way with the
number of dislocations. The first two episodes of dislocations tend to have a greater impact on the thin glenoid rim.
Conversely, re-dislocations have a relatively lesser impact
on the increasingly thick glenoid rim [8]. Furthermore, the
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after applying a circle in the inferior part of the glenoid,
drew a line through the centre of the circle, which represents the maximum width of the glenoid. The line between
the anterior margin of the circle and the anterior margin of
an injured glenoid represents the size of the osseous loss.
The size of the bone defect divided by the glenoid width
and multiplied by 100 represents the percentage of glenoid
bone loss [17]. 3D MR reconstructions are produced using
water-based images from the Dixon sequence. Producing
3D MR osseous models of glenoid fossa takes comparable
time to producing 3D CT reconstructions, and in addition,
it spares the patient another radiation dose [17]. Because
of radiation reasons, MR is favourable especially in young
patients or when scanning both shoulders. In a recent publication, Owens et al. described a formula to estimate the
expected width of the glenoid with a known height, which
allows to calculate the amount of bone defect [20]. A significant disadvantage of this study was that the exact width
of the bone loss does not precisely correspond to that estimated by the formula.

Figure 6. CT reconstruction of the glenoid surface. Best fit circle
method with the use of Chuang measuring technique
where „d” is the width of the unaffected glenoid and „w”
represents the width of theinjured glenoid.
anterior glenoid rim may present a flattening in the stable
shoulder. To diagnose the bony Bankart lesion, the anterior
straight line needs to be associated with the shortening of
the glenoid width [3].

Magnetic Resonance Imaging
Recently, new studies have investigated the use of 3D MR
reconstructions to evaluate glenoid bone loss. The possibility of using 3D MR reconstruction instead of 3D CT may
benefit the patients with soft Bankart who are suspected
for extra glenoid bone loss, by sparing them the cost, time
and radiation dose of an extra CT examination. So far, MR
has been the gold standard for imaging soft tissue lesions
but in several clinical studies it has also appeared to be an
accurate modality for measuring glenoid bone loss [17–19].
The best-fit circle method is exactly the same when using
CT or MR reconstructions (Figure 7). Gyftopoulos et al.,

A

Recently, also MR-arthro reliability in detecting and quantifying the glenoid bone loss has been evaluated with very
good results [21,22]. MR and MR-arthro seem to be new,
promising techniques for the detection and quantification
of bone loss in patients with anterior shoulder instability.

Arthroscopic Measurements of Glenoid Bone Loss
In CT and MR reconstructions, a typical sign of severe bone
deficiency is an inverted pear shape of the glenoid fossa.
According to Burkhart at al., this inverted shape of the
glenoid requires at least 25% defect of the entire width,
measured in the inferior part of the glenoid [23]. The same
authors described an arthroscopic measurement technique
which is based on a bare spot landmark examination.
Bare spot is a 3-mm area in the inferior part of the glenoid
where cartilage presents local thinning. This area is being
used as a reference spot of the glenoid centre, and the average length from this spot to the anterior, posterior and inferior rim of the glenoid is roughly 11 mm. The distance from
the bare spot to the anterior rim of the glenoid becomes
smaller when anterior bony deficiency is present. This deficiency allows for the quantification of bone defects of the

B

Figure 7. Sagittal and axial T2 images of the shoulder. The bony Bankart lesion is visible.
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glenoid [12,23,24]. The arthroscopic method has its limitations, however. Firstly, the bare spot has been questioned
to be the centre of the glenoid which may lead to measurement overestimation [25]. Secondly, the bare spot may not
be found in all glenoid fossas [26]. Also, the invasive aspect
of this technique is concerning.

Discussion
Further dislocations are strongly depended on the age of
the patient=the younger the patient, the higher the risk
of future re-dislocation [27]. Rowe et al. were the first
authors to describe the relationship between the amount of
bone loss and the risk of future re-dislocation after surgical treatment. Since then, there have been many reports
suggesting different cut-off values of the glenoid defects
that should be treated with open bone grafting [28,29].
Typically, major glenoid bone loss requires open bone grafting, but recent studies suggest good outcomes after arthroscopic stabilisation in patients with a significant bone loss
[30–32]. Nevertheless, the detection and precise quantification of the glenoid bone loss is crucial for the therapeutic desicion-making [33]. Burkhart and DeBeer report that
67% of the patients with an osseous loss involving at least
25% of the glenoid width demonstrated re-dilocation after
arthroscopic Bankart repair [34]. The authors of this publication, similarly to Bigliani et al., reported an osseous loss
that equals 25% of glenoid width as a significant glenoid
bone loss, which should be considered as a cut-off value
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for an open surgery [4,34]. In a post-mortem study, Itoi et
al. suggested that a glenoid defect in which the width is
at least 21% of the glenoid length may result in shoulder
instability after Bankart repair [35]. Although we know
that a major glenoid bone loss requires surgical intervention, none of the studies performed so far answered the
question what size of the defect should be an indication for
open surgery procedures. [35,36]. Moreover, there is still
no consensus on the exact percentage glenoid loss that
results in a higher risk of re-dislocations and what imaging technique should be used. [36]. Moreover, in the opinion of some authors, the evaluation of precise threshold
values is unnecessary, especially when a bone fragment is
available for surgical glenoid repair [30]. Huijsmans et al.
reported that the amount of bone defect is commonly overestimated due to the lack of precise measurements in everyday orthopaedic practice. A general estimation, without
detailed measuring techniques, may lead to wrong decisions and unfavourable clinical outcomes [3,34]. In our
opinion, as well as in the opinion of other authors, there
is a strong need for a consensus on universally accepted
measuring techniques of the glenoid defect. Similarly, it is
crucial to evaluate algorithms with validated glenoid bone
loss threshold values for therapeutic decision-making [37].
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