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Measuring glenoid and humeral bone loss in shoulder dislocation
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Background

Glenoid bone loss (GBL) is common following shoulder
dislocation, being apparent in about 40% of patients with
a single dislocation and 85% of patients with recurrent
dislocation (1). It results from impaction of the humeral
head against the anterior glenoid rim at the time of
dislocation. GBL occurs along the anterior aspect of the
glenoid (2), though as the glenoid has an anteroinferior
orientation, this bone loss may appear to be present antero-
inferiorly rather than anteriorly (3).

Most (80%) GBL occurs from a compression fracture
rather than a fragmented fracture (1). Only modest
correlation (r=0.56) exists between the number of
dislocations and the severity of the GBL (1); rather, the
force of dislocation may be more relevant. For instance, a
single violent anterior dislocation following, for example, a
road traffic accident, may produce as much GBL as several
episodes of less violent anterior dislocation.

The middle one-third of the glenoid is composed of
very thick bone while the glenoid bone gradually thins
as one moves peripherally. The normal anterior glenoid
rim is curved. As bone is lost, the anterior glenoid rim
becomes progressively straighter and the glenoid width
becomes progressively narrower. With more severe degrees
of GBL, as the thicker middle one-third of the glenoid is
approached, bone loss becomes concentrated in the middle
one-third of the anterior glenoid leading to an anterior
concavity (2).

GBL reduces the contact area between the humeral
head and the glenoid. As a result, dislocation can occur
more easily in a downward spiral with easier dislocation
leading to more GBL leading to more dislocations and
so forth (Figure I). Severe GBL increasingly facilitates
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relocation such that some patients may experience up to
2,000 anterior dislocations, dislocating and relocating with
considerable ease.

Quantifying glenoid bone loss (GBL)

GBL can be quantified using radiographs, computed
tomography (CT), or magnetic resonance imaging (MRI).
Radiographs seem to be quite accurate but can require a
high level of radiographic expertise to acquire the correct
projection. Radiographs are also limited in that they cannot
reliably measure glenoid track.

The preferred method for the most accurate assessment
of GBL is CT with comparison of the affected side to the
contralateral unaffected side. Information regarding the
contralateral side is always available when one shoulder
is examined by CT so it makes sense to use this readily
available CT data. There is no increase in patient dose. One
does need to ensure that the radiographer reconstructs the
image data for both shoulders rather than just one shoulder
(Figure 2). As there is almost perfect symmetry between
the shape and the size of both glenoid fossae (4), the
contralateral glenoid can be reliably used as a reference to
initial glenoid size provided there is no evidence of GBL on
the contralateral side from bilateral dislocation. Using the
contralateral glenoid to measure GBL is more accurate than
measuring GBL on the affected side alone (4,5).

Because of the slanting orientation of the glenoid,
it is difficult to judge GBL on axial images alone, and
reconstructed images en face to the glenoid surface
should be obtained (Figure 2). More practically, 2D
reconstructed double oblique views en face to the glenoid
rather than 3D views are accurate and easier to obtain (5).
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3D reconstructions provide a better perception of GBL
though are more time-consuming to obtain and may be
less accurate with respect to actual measurements as the
margins are not as sharply delineated. One could ideally
undertake measurements using double oblique views en
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Figure 1 Downward spiral of dislocation leading to GBL leading
to easier dislocation leading to even more bone loss and so forth.
GBL, glenoid bone loss.

20% GBL

face to the glenoid and also then obtain 3D reconstructions
for perceptional representation. A teaching video on how
to easily obtain double oblique views of the glenoid on the
standard workstation together with a standard radiological
report for GBL can be viewed at http://www.droid.cuhk.
edu.hk/special.htm.

With MRI, only a single shoulder is usually available,
and, in this instance, the best fit circle method is the
preferred technique for MRI assessment. While not as
accurate as a comparison with the contralateral shoulder,
the best fit circle method is still reasonably accurate
and provides a good estimate as to the severity of GBL.
However, the best fit circle method can overestimate GBL
by at least 5% due to differences in the contour between
the anterior and posterior margins of the glenoid (6).
This overestimation is greatest when there is moderate
to severe bone loss (6). Nevertheless, in many instances,
MR assessment of glenoid and humeral bone loss alone
suffices. When more accurate measurements are required,
as in determination of glenoid track, CT is probably the
preferred technique.

Normal

Figure 2 Due to the anterior obliquity of the glenoid, it is difficult to judge GBL on axial images alone (A). Reconstructed views en face to

the glenoid clearly show the severe bone loss in the right side (B) with normal appearances on the contralateral left side (C). GBL, glenoid

bone loss.
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Figure 3 The anterior straight-line is the earliest sign of GBL. On the left (A) are four examples of a normal smooth curvature to the

anterior glenoid while on the right (B) are four examples of mild GBL with short anterior straight lines (arrows). When there is no anterior

straight line present, one can infer that there is no GBL present and there is no need for GBL measurements. GBL, glenoid bone loss.

What constitutes a critical level of GBL? This can be
considered from two standpoints. First, it can be considered
to be that critical level where the frequency of dislocation
tends to increase. This has been estimated to be about
13% (1). Second, it can be considered to be at a critical
level when capsular repair alone will not suffice to prevent
further dislocation. This has been estimated to be about
25% (7). The maximum GBL incurred is about 33% (1).
This stands to reason, since, at this measure, bone loss has
progressed enough to encounter the thick middle one-third
of the scapula, beyond which further bone loss is unlikely.

Measurement of GBL
The anterior straight-line

The normal anterior glenoid rim has a smooth curved
configuration. An anterior straight-line is the earliest sign
of GBL (1,2) (Figure 3). If there is no anterior straight-line
on the CT or MR en face view of the glenoid, then there
is no GBL present and there is no need to measure GBL.
As GBL progresses, the anterior straight-line lengthens.
With severe degrees of GBL, the anterior curvature of the
glenoid becomes concave (2) (Figure 4). Any time one sees
an anterior concavity to the glenoid, one can immediately
infer severe GBL (2).
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Measuring GBL on CT using the contralateral shoulder

Once a good quality en face view of the glenoid has been
obtained, two lines are drawn on this image. The first is a
line along the long axis of the glenoid from the supraglenoid
tubercle region to the most inferior part of the glenoid.
This is a reference line. The second line is drawn at right
angles to this long axis at the inferior half of the glenoid,
measuring the maximum width of the glenoid surface. This
is the key measurement line. Its accuracy is dependent on
obtaining the best possible en face view to the glenoid with
clear demarcation of the anterior and posterior margins of
the inferior part of the glenoid.

The same reconstruction is performed, and lines drawn
on the contralateral unaffected shoulder, which is used as
an internal guide to the original size and configuration of
the glenoid. The degree of GBL can thus be accurately
determined (Figure 5).

Measurement of GBL on MRI using best fit circle method

Most shoulder dislocations are evaluated with MRI and
not CT. It makes sense to evaluate the degree of GBL on
MRI (8) (Figure 6). In many instances doing so negates
the need for additional CT examination. Overall CT
with comparison of the contralateral side is slightly more
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Figure 4 Two-dimensional double oblique reconstructions en face to the glenoid in a patient with no glenoid bone loss (A) and in patients

with increasing severity of anterior GBL (B,C,D,E) (arrows). When glenoid bone loss is severe, the glenoid contour develops an anterior

Figure 5 Measurement of GBL with comparison to the unaffected contralateral side. On the normal side (A), the maximum width of the

concavity (E). GBL, glenoid bone loss.

glenoid at right angles to the long axis is 28.4 mm. On the affected side (B), the maximum width of the glenoid at right angles to the long
axis is 24.7 mm. The difference is 3.7 mm, and the GBL percentage is calculated as 3.7 mm/28.4 mm x100=13%. This patient therefore has
13% GBL. GBL, glenoid bone loss.
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Figure 6 Measurement of GBL using the best fit circle method on
MRI. The circle is placed so as to contact the posterior and inferior
margins of the glenoid on a high-resolution double oblique image
obtained specifically en face to the glenoid. The inferior part of the
glenoid does approximate to a circle. GBL = A/A+B. The diameter
line should be drawn at right angles to the long axis of the glenoid
and not horizontally. GBL, glenoid bone loss; MRI, magnetic

resonance imaging.

A
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accurate than MRI examination, although MRI should
suffice for most clinical indications (8).

MRI accuracy depends on obtaining a good quality
dedicated en face view of the glenoid surface. This high-
resolution image en face through the glenoid surface should
be planned from axial, coronal and sagittal images (8).
Relying on standard sagittal images may not always provide
a good en face view through the glenoid.

Once a high quality en face view has been obtained, one
should first look for an anterior straight-line. If there is no
anterior straight-line to the anterior glenoid rim, there is no
GBL present and no need for further measurements. If an
anterior straight-line is present, then one needs to proceed
with GBL measurements (Figure 7). As the contralateral
shoulder is not available for comparison, a best fit circle
method is used. This circle should be planned to fit as
close as possible the posterior and inferior margins of the
inferior glenoid (8) (Figure 6). The diameter of the circle
approximates to normal glenoid shape (Figure 6).

Hill Sachs deformity

Hill Sachs deformity is present in 81% of patients following

Figure 7 High-resolution MR arthrogram double oblique en face views of the glenoid in a patient with no glenoid bone loss (A) and in

patients with varying severity GBL (B,C,D,E,F). As glenoid bone loss becomes more severe, the anterior straight-line lengthens (arrows).

With very severe glenoid bone loss, the glenoid develops an anterior concavity (F). MR, magnetic resonance; GBL, glenoid bone loss.
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Figure 8 Axial MR images of the proximal end of the humerus showing a rather flat (A) and larger angulated (B) Hill Sachs deformity. The

depth of the Hill Sachs deformity (arrows) can be assessed using the best fit circle method (A) as the proximal end of the humerus does

approximate to a circle. MR, magnetic resonance.

single dislocation and 87% of patients with recurrent
dislocation (1). Occasionally Hill Sachs deformity may
be present in the absence of any GBL and vice versa. All
patients with recurrent dislocation have either GBL or
Hill Sachs deformity such that absence of these deformities
makes the likelihood of recurrent anterior shoulder
dislocation extremely unlikely (1).

A Hill Sachs deformity is located at the posterior aspect
of the humeral head extending from 0-24 mm from the
proximal end of the humeral head (9). Usually, a small Hill
Sachs deformity is located close to the greater tuberosity
with larger lesions extending more medially towards the
articular surface of the proximal humerus (10). One should
note whether the Hill Sachs deformity is flattened or
angulated as the latter, which is less common, may have a
greater propensity to engage with the anterior glenoid rim
(Figure 8).

A Hill-Sachs deformity is not related to mid-range
stability because, in this situation, it is positioned away from
the edge of the glenoid. A Hill Sachs deformity only comes
into play at the end range of stability such as abduction and
external rotation, where it can engage with the anterior rim

of the glenoid (3).

Measurement of Hill Sachs deformity

Hill Sachs deformity should be assessed on orthogonal
planes though it is best measured on axial images at the
more superior aspect of the proximal humerus above the
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level of the coracoid process (11). The widest width of
the Hill Sachs deformity, which is the most important
measure, with regard to glenoid track (see below) can be
measured from axial CT or MRI measurements (Figure §8).
A best fit circle through the superior aspect of the proximal
humerus can be used to determine the depth of a Hill Sachs
deformity.

Glenoid track

The glenoid track is a concept that addresses the interaction
between the glenoid and the humeral head during shoulder
movement (12,13). It defines the contact area between
these two bone areas during maximum external rotation,
maximum extension and 90° abduction. The glenoid
track was measured initially on cadavers (14) and later on
patients using an open MR system and 3D motion analysis
software (15). The mean width of the glenoid track at 90°
arm abduction was shown to be 83% of the full glenoid
width. In other words, the humeral head utilizes 83% of
the glenoid width between neutral and 90° arm abduction.
Therefore, it was recommended that one should use 83% of
the normal glenoid width as the glenoid track width (15).
Following shoulder dislocation, glenoid track is
measured to determine the likelihood of the Hill Sachs
deformity passing beyond, and thereby engaging with, the
anterior rim of the glenoid during abduction and external
rotation (14) (Figures 9,10). This measure enables the
surgeon to preoperatively predict the likelihood of failure
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Figure 9 3D CT reconstruction showing mild GBL (arrow) with a
small Hill Sachs deformity (open arrow) during various degrees of
simulated shoulder movement. In this example, the humeral head
remains on track during motion to 90° adduction; i.e., the Hill
Sachs deformity will not overshoot the anterior glenoid rim. This

is known as an “on-track” lesion. GBL, glenoid bone loss.

following Bankart repair (16). Surgeons do not like to test
this stability immediately after surgery as it may increase
the risk of failure (17). In such instances where the Hill-
Sachs deformity is likely to pass beyond the anterior glenoid
rim, during abduction and external rotation, the surgeon
may consider more extensive surgery with augmentation
of either the GBL = the Hill Sachs deformity (16).
Measurements of glenoid track can be undertaken on
reconstructed 2D CT (18), 3D CT (13) or MRI images (11).
The glenoid track concept does not apply to the small
percentage of patients without a Hill Sachs deformity (16).
With bipolar (i.e., both glenoid and humeral bone loss), two
elements need to be measured, namely glenoid track and

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Figure 10 3D CT reconstruction showing moderate GBL (arrow)
with a large Hill Sachs deformity (open arrows) during various
degrees of simulated shoulder movement. In this example, the
humeral head does not remain on track during motion to 90°
adduction; i.e., Hill Sachs deformity engages with the anterior
glenoid rim (arrowhead). This is known as an “off-track” lesion.
GBL, glenoid bone loss.

humeral interval.

Glenoid track (mm) =83% of normal glenoid width (mm) -
GBL (mm) (Figure 11).

Humeral interval (mm) = maximum width of Hill Sachs
defect (mm) + bony bridge between Hill Sachs lesion and
medial border of the rotator cuff attachment (Figure 12).

The humeral interval is the width of the Hill Sachs
deformity together with the adjacent bone bridge between
the Hill Sachs deformity and the rotator cuff tendon
insertion (17,19). The insertion of the rotator cuff tendons,
which in this case refers to the teres minor and infraspinatus
tendons, is difficult to define on CT images, even on a soft-
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Figure 11 Measurement of glenoid track. On the unaffected side, the maximum glenoid width is 28.7 mm. 28.7 mm x 0.83 = 23.8 mm =

glenoid track of affected side. The maximum glenoid width is multiplied by 0.83 as this is the assumed glenoid track utilization. On the

affected side, GBL = 5.2 mm. Therefore, glenoid track of the affected side is 23.8 mm minus 5.2 mm = 18.6 mm. GBL, glenoid bone loss.
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Figure 12 Measurement of humeral interval. Humeral interval (red arrows) equals the maximum width of the glenoid + the bony ridge

between the border of the Hill Sachs and the insertion of the rotator cuff (open arrows). The rotator cuff insertion is difficult to define even

on soft tissue windows. In this case (same case as Figure 11), the humeral interval was 15 mm. Glenoid track (18.6 mm) was greater than

humeral interval (15 mm), so this bipolar lesion was deemed to be on-track.

tissue window setting, so one has to estimate this insertion.

On-track and off-track lesions

If the glenoid track is less than the width of the humeral
interval, the lesion is defined as being off-track (16,17). This
means that, in such cases, the edge of the Hill Sachs lesion is
likely to extend beyond the anterior margin of the anterior
glenoid during maximum abduction. Generally, about
15-20% of lesions tend to be off track (11,16). Glenoid track
estimation of on-track or off-track lesions has moderate to

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

high accuracy in predicting the likelihood of engagement
at surgery (11) , in addition to the likelihood of recurrence
following arthroscopic Bankart reconstruction (20).

Variability of glenoid track measurements

There is a high level of agreement (>90%) between and
within observers for linear GBL measurements (21).
Moderate to good interobserver (~65%) and good
interobserver agreement (~85%) exists for determining
on-track or off-track lesions (21). Most variation results
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from determining the site of insertion and margins of
the Hill Sachs lesion. These features seem to be more
readily appreciated on two-dimensional rather than three-
dimensional images and are more readily apparent on MRI

than CT.
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