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Abstract
Objective To investigate the accuracy of conventional mag-
netic resonance imaging (MRI) in determining the severity of
glenoid bone loss in patients with anterior shoulder dislocation
by comparing the results with arthroscopic measurements.
Subjects and methods Institutional review board approval and
written consent from all patients were obtained. Thirty-six
consecutive patients (29 men, seven women; mean age, 34.5
[range, 18–55] years) with recurrent anterior shoulder dislo-
cation (≥3 dislocations; mean, 37.9; range, 3–200) and
suspected glenoid bone loss underwent shoulder MRI before
arthroscopy (mean interval, 28.5 [range, 9–73] days).
Assessments of glenoid bone loss by MRI (using the best-fit

circle area method) and arthroscopy were compared. Inter-
and intrareader reproducibility of MRI-derived measurements
was evaluated using arthroscopy as a comparative standard.
Results Glenoid bone loss was evident on MRI and during
arthroscopy in all patients. Inter- and intrareader correlations
of MRI-derived measurements were excellent (intraclass cor-
relation coefficient=0.80–0.82; r=0.81–0.86). The first and
second observers’measurements showed strong (r=0.76) and
moderate (r=0.69) interreader correlation, respectively, with
arthroscopic measurements.
Conclusions Conventional MRI can be used to measure
glenoid bone loss, particularly when employed by an experi-
enced musculoskeletal radiologist.

Keywords Shoulder .Magnetic resonance . Glenoid bone
loss . Anterior shoulder instability

Introduction

Glenoid-rim bone loss is frequently seen in glenohumeral joints
with anterior instability, particularly in cases of recurrent shoul-
der dislocation [1–6]. These bony lesions shorten the glenoid
arc, compromising the stability of the joint by reducing the total
glenoid contact surface and its concavity [7]. Bone augmenta-
tion procedures have been advocated for patients with ad-
vanced glenoid bone loss because capsulolabral repair alone
may not be sufficient to prevent further dislocation [7–10].

The severity of glenoid bone loss cannot be predicted
accurately on the basis of the number of dislocations alone,
as it is correlated only modestly with the frequency of these
events [2, 11]. The identification and quantification of glenoid
bone loss are useful because such information helps to predict
the likelihood of further dislocation and to determine the
need for bone augmentation surgery to restore shoulder sta-
bility [5, 8, 12, 13].
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Glenoid bone loss can be quantified with radiography [1,
14, 15], computed tomography (CT) [2, 3, 5, 11, 16–18],
magnetic resonance imaging (MRI) [4, 19–22], and arthros-
copy [8, 23, 24]. MRI is frequently used to evaluate the
glenoid labrum and periarticular soft tissues in patients with
anterior shoulder instability. The direct measurement of
glenoid bone loss by MRI would provide a more efficient
diagnostic pathway than MRI followed by CT [4, 21].
However, few published studies have investigated the role of
MRI in the measurement of this parameter [4, 20–22]. The
aim of this study was to investigate the accuracy of MRI in
determining the severity of glenoid bone loss in patients with
anterior shoulder recurrent dislocation by comparing the re-
sults with arthroscopic measurements.

Materials and methods

Our institutional ethics committee approved this prospective
study and all patients provided informed consent. Between
March 2011 and April 2013, we evaluated 36 consecutive
patients with posttraumatic recurrent anterior glenohumeral
instability and suspected glenoid bone loss. The criteria for
patient selection were: at least one documented shoulder dis-
location, positive findings of a bony apprehension test, or
suspicion of glenoid bone loss based on plain films. The bony
apprehension test, a maneuver performed in our physical
examination routine, has been demonstrated to be a good
screening method for the preoperative assessment of glenoid
bone loss [25]. All patients underwent arthroscopy by the
same surgeon, which was used as the standard of reference,
and shoulder MRI was performed before arthroscopy at an
interval of no more than 90 days. Patients who had undergone
previous surgery for glenohumeral instability, MRI and ar-
throscopy at an interval of more than 90 days, or arthroscopic
evaluation by another shoulder surgeon, and those in whom
glenoid bone loss was not measured at the time of arthroscopy,
were excluded. No control group was used.

All MRI examinations were performed at our institution
using a scanner with a 1.5-T magnet (Achieva; Philips
Medical Systems, Best, Netherlands) with a dedicated shoul-
der coil. Our routine conventional shoulder MRI protocol
consists of the acquisition of axial fat-suppressed fast spin-
echo proton density images (repetition time/echo time [TR/
TE], 3,300/30 ms; matrix, 208×173; number of excitations
[NEX], 3), oblique coronal (parallel to the long axis of the
supraspinatus tendon) fat-suppressed fast spin-echo T2-
weighted images (TR/TE, 2,100/40–60; matrix, 216×164;
NEX, 4), oblique coronal fast spin-echo T2-weighted images
without fat suppression (TR/TE, 2,770/80; matrix, 216×180;
NEX, 3), oblique sagittal (parallel to the glenohumeral joint)
fat-suppressed fast spin-echo T2-weighted images (TR/TE,

2,200/40; matrix, 216×164; NEX, 4), and oblique sagittal
T1-weighted images without fat suppression (TR/TE, 440/
10; matrix, 216×198; NEX, 2). Sagittal oblique images are
planned using oblique coronal and axial images (Fig. 1). A 13-
cm field of view was used for all images. Slice thickness was
4 mm with a 10 % interslice gap on all sequences except the
fast spin-echo proton density axial sequence, which had a 3-
mm slice thickness. For image analysis, which was performed
on a Digital Imaging and Communications in Medicine view-
er (OsiriX, version 3.5, Pixmeo, Geneva, Switzerland), we
used the oblique sagittal T1-weighted image without fat sup-
pression that best included most of the glenoid rim where the
inferior two-thirds of the glenoid were most spherical in
shape. This best image lies just medial to the first appearance
of the glenoid head [4]. The normal glenoid surface is pear
shaped, with the inferior two-thirds of the glenoid contour
approximately circular [4, 5, 26]. Glenoid bone loss is nor-
mally characterized by a relatively smooth and straight ante-
rior edge or smooth anterior glenoid concavity.

We used the circle method proposed by Sugaya et al. [13]
for the quantification of glenoid bone defects. Two radiolo-
gists with 9 and 3 years of experience in musculoskeletal
imaging, respectively, performed all measurements twice at
a≥4-week interval. During all analytical procedures, the
readers were blinded to each other’s results and the arthro-
scopic findings, but not to the previous occurrence of disloca-
tion in the shoulder being examined. Starting from the geo-
metric assumption that all glenoids can be inscribed in a circle
[4, 13, 17, 26–28], the inferior glenoid circle was reconstruct-
ed for each patient based on the preserved posteroinferior rim
to obtain the “normal glenoid area”, expressed in millimeters
squared as a reference value. The bone defect was considered
to be the missing part of the circle. The size of the osseous
defect as a percentage of the glenoid rim was calculated as the
ratio of the area of the best-fit circle not occupied by bone (D)
to the overall area of the best-fit circle (A) using the equation
D/A×100 (Fig. 2).

A single orthopedic surgeon with 11 years of experience in
shoulder surgery performed all arthroscopic examinations and
quantified the amount of glenoid bone loss using a validated
methodology [23]. A previous study [23] showed that the bare
spot on the glenoid is equidistant between the anterior and
posterior glenoid margins, and thus can be used as a central
reference point, allowing objective measurement of bone loss
arthroscopically.

General anesthetic was used for all arthroscopies. Three
arthroscopic portals (posterior, anterosuperior, and
anteroinferior) were made, and diagnostic arthroscopy was
performed using a 4-mm arthroscope (Stryker Endoscopy,
San Jose, CA, USA). Under visualization through the
anterosuperior portal, a graduated probe with 1-mm calibrated
laser marks was introduced through the posterior portal and
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across the glenoid until its tip rested on the bare spot in the
center of the inferior half of the glenoid. The distance from the
center of the bare spot to the posterior glenoid rim (B) was
then measured. The probe was then advanced anteriorly to-
ward the anterior glenoid rim, and the distance from the center
of the bare spot to the anterior glenoid rim (A) was measured.
The percentage of the area missing was then calculated using
the equation 100×(B–A)/2B (Fig. 3). The arthroscopic find-
ing was considered the reference standard (Fig. 4).

Fig. 1 A 25-year-old man with recurrent shoulder dislocation. a
Oblique sagittal T1-weighted MR image. This sequence is
planned using oblique coronal and axial images. b Oblique coro-
nal T2-weighted image showing the plane parallel to the glenoid
surface (white line). c Axial intermediate-weighted fat-suppressed
image showing the plane parallel to the glenoid surface (white
line). This sequence could also be planned using analogous or
scout views

Fig. 2 Schematic representation of an en face view of the glenoid
showing the measurement of glenoid bone loss. The inferior portion of
the glenoid contour can be approximated to a true circle (in red). In
glenoids with anterior deficiency, the inferior glenoid circle was recon-
structed based on the preserved posteroinferior rim. The bone defect was
considered to be the missing part of the circle. Areas of the entire circle
(A) and bone defect (D) were measured (in millimeters squared) and used
to determine the percentage of the missing area. The size of the defect was
expressed as a percentage of the entire circle (D/A×100)

Fig. 3 Schematic representation illustrating the use of an arthroscopic probe
(calibrated in 1-mm increments) to quantify the degree of anterior glenoid
bone loss with reference to the central bare spot of the glenoid. Assuming
that the bare spot lies at the center of the circle formed by the inferior portion
of the glenoid, lines A (bare spot to anterior margin) and B (posterior margin
to bare spot) must be equal in length in a normal glenoid. Glenoid bone loss
is considered to be present when the length of line B exceeds that of line A.
Defect size was expressed as a percentage ([B–A]×100/2B)
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Statistical analysis

Stata software (version 10.0; StataCorp, College Station, TX,
USA) was used for all statistical analyses. Variables were
expressed as means and ranges or standard deviations, as
appropriate. Pearson’s correlation coefficient (r) was used to
evaluate the correlation between MRI and arthroscopic quan-
tifications of the percentage of glenoid bone loss, with an r
value of 1.0 describing a perfect positive linear correlation,
values of 0.2 to 0.4 indicating slight correlation, 0.4–0.7
indicating moderate correlation, and 0.7–1.0 indicating
strong correlation. Inter- and intrareader reliability in
MRI assessment of glenoid bone loss was determined
using the interclass correlation coefficient (ICC). ICC
values ranged from 0 to 1 and were interpreted as
follows: <0.40, poor agreement; 0.40–0.60, fair agree-
ment; 0.61–0.75, good agreement; and 0.76–1, excellent
agreement. Additionally, Bland–Altman analyses were
performed to evaluate the agreement between the measure-
ments obtained by both methods and by different observers.
For all tests, p <0.05 was considered to indicate statistical
significance.

Results

Patient ages ranged from 18 to 55 (mean, 34.5) years. The
sample comprised 29 men (mean age, 33 years; range, 18–52
years) and seven women (mean age, 42 years; range, 27–55
years). The number of recurrent dislocations ranged from
three to approximately 200 (mean, 37.9). Dislocations were
on the right side in 20 of 36 (56%) patients and on the left side
in 16 (44 %) patients. All patients underwent shoulder MRI
before arthroscopy. The mean time betweenMRI examination
and arthroscopy was 28.5 (range, 9–73) days.

The application of the best-fit circle area method to MR
images demonstrated glenoid bone loss in all 36 (100 %)
patients. At the time of first measurement, the first and second
observers calculated mean glenoid defect ratios of 21 %±
7.8 % (range, 13–45 %) and 20 %±6.8 % (range, 10–48 %),
respectively. Arthroscopy also revealed glenoid bone loss in
all 36 patients, with a mean value of 23 %±7.6 % (range, 13–
40 %).

Analysis of intra-observer reliability yielded ICC values of
0.93 (95 % confidence interval [CI]=0.88–0.97; p=0.000) for
the first observer and 0.81 (95 % CI=0.70–0.92; p=0.000) for
the second observer. Analysis of interobserver reliability pro-
duced ICC values of 0.80 (95 % CI=0.68–0.92; p=0.000) for
the first measurement and 0.82 (95 % CI=0.720–0.918; p=
0.000) for the average measurement.

The first observer’s MRI measurements were strongly cor-
related (r=0.76) and the second observer’s were moderately
correlated (r=0.69) with arthroscopic findings, considered the
gold standard for the measurement of glenoid bone loss. The
mean discrepancies between MRI and arthroscopic measure-
ments were 3±4 % (range, 0–17%) for the first reader and 4±
4 % (range, 0–15 %) for the second reader. The results of
Bland–Altman analyses are summarized in Fig. 5.

Discussion

Traumatic shoulder dislocation can be associated with a bony
defect of the glenoid rim, which is evident in 80–90 % of
individuals with chronic anterior shoulder instability [2, 12,
27]. Glenoid bone loss may arise from glenoid rim fracture or
attrition, or impaction fracture by the dislocated humeral head
[2]. The likelihood of humeral head dislocation increases with
the amount of glenoid bone loss; in turn, dislocation results in
even more glenoid bone loss. Depending on defect size, a
bone graft may be indicated to avoid shoulder dislocation
recurrence [4, 7, 8].

Patients with slight to moderate bone loss are generally
treated with arthroscopic soft-tissue stabilization (Bankart re-
pair) alone, whereas those with severe bone loss may require
bone graft augmentation [29], but no consensus on the

Fig. 4 Arthroscopic view showing the measurement technique. a A
calibration probe was inserted through the posterior arthroscopic portal
(white curved arrow) until the tip of the probe reached the bare spot of the
glenoid (black arrow).White arrowheads indicate the posterior margin of
the glenoid. b The tip of the probe at the anterior margin of the glenoid
(white arrow). The distance from the posterior margin of the glenoid to
the bare spot (arrow) is longer than that from the bare spot to the anterior
margin of the glenoid, indicating glenoid bone loss (HH humeral head)
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definition of severe glenoid bone loss has been reached.
Burkhart and DeBeer [7] reported a dislocation recurrence
rate of 67 % after arthroscopic Bankart repair in patients with
anterior glenohumeral instability and an inverted pear-shaped
glenoid, representing>25 % loss, compared with 4 % in
patients with no significant bone defect.

Although glenoid bone loss can be quantified during ar-
throscopy [8, 23, 24], a precise preoperative measurement
method has several advantages [28]; it may affect the patient’s
provision of informed consent based on assessments of prog-
nosis and surgical risk, as well as technical issues such as
patient positioning, surgical equipment used, and sterile

Fig. 5 Bland–Altman analyses. a, bDifferences in measurements (%) of
the glenoid defect on magnetic resonance images (MRI) between the two
measurements of observer 1 (a) and observer 2 (b). c, d Differences in
measurements (%) of the glenoid defect on magnetic resonance images

(MRI) between the two observers on first measurement (c) and average
measurements (d). e, f Differences in measurements (%) of the glenoid
defect between arthroscopic measurement and magnetic resonance im-
ages (MRI) measurements of observer 1 (e) and observer 2 (f)
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preparation for autologous iliac crest bone grafting when
coracoid transfer is not selected. Regardless of the diagnostic
imaging technique used, the correct preoperative quantifica-
tion of bony defect size remains challenging [27, 29].

Conventional radiography is used widely to detect osseous
abnormalities in patients with glenohumeral instability [13]. A
recent radiographic study using the Bernageau view con-
firmed excellent side-to-side symmetry in normal glenoid
width and showed good correlation with CT with regard to
the degree of glenoid bone loss [15], but this method does not
reliably detect glenoid abnormalities in patients with traumatic
glenohumeral instability [13, 14].

CT measurements of glenoid bone loss have shown good
correlation with arthroscopic measurements [4, 11], and CT is
the modality of choice for the detection of bony abnormalities
in patients with glenohumeral instability [2, 3, 5, 11, 13,
16–21]. In cases of unilateral dislocation, simultaneous exam-
ination of the dislocated and contralateral normal shoulders
allows ready comparison of glenoid dimensions [5, 27]. CT
arthrography has the same advantages of CT in evaluation of
glenoid bony defects and additionally allows assessment of
labroligamentous lesions related to shoulder instability [30].
Acid et al. [31] suggest that multidetector computed tomog-
raphy arthrography is a method of choice for the preoperative
planning of anterior shoulder instability.

Sugaya et al. [13] described a method of preoperative
defect measurement on three-dimensional (3D) CT images,
which does not require knowledge of original glenoid size
because its original contour is indicated by a superimposed
circle drawn on inferior aspect of the glenoid.Measurement of
glenoid bone defects in patients with anterior shoulder insta-
bility can also be assessed with the Pico method, which is
based on calculation of the missing area of the glenoid using
the circle method on sagittal en face images and could be used
without comparison with the contralateral shoulder [18].
Huijsmans et al. [19] used the circle method proposed by
Sugaya et al. [13] to validate glenoid defect quantification
based on 3D CT and 3D MR images in 14 cadaver shoulders.
In a similar study, Gyftopoulos et al. accurately measured
glenoid bone loss in 18 cadaver shoulders using MRI, CT,
and 3D CT [21]. Nevertheless, the use of bare cadaveric
glenoids for measurement without adjacent soft-tissue struc-
tures does not simulate normal imaging anatomy.

Tian et al. [20] showed excellent correlation in the detec-
tion of glenoid bone loss using the best-fit circle width method
onmultidetector CT images and fat-suppressed 3D volumetric
interpolated breath-hold MR arthrography in 41 subjects with
recurrent shoulder dislocation. Lee et al. [4] investigated
agreement in the measurement of glenoid bone loss among
MR arthrography, CT, and arthroscopy, and showed that MRI
assessment using the Pico method is almost as accurate as CT
assessment. However, they analyzed direct MR arthrographic
images, which are used less widely than conventional MRI

because this procedure is time consuming, minimally inva-
sive, and although generally safe, associated with some risk.
In addition, they used 3D T1-weighted en face images of the
glenoid with high spatial resolution, 1.5-mm-thick sections,
and 0.75-mm overlap. A recent study showed that measure-
ments of glenoid bone loss performed on 3D MR reconstruc-
tions of the shoulder using an axial 3D dual echo-time T1-
weighted FLASH sequence with Dixon-based water–fat sep-
aration can be used to accurately measure glenoid bone loss.
However, this sequence is not always available and has a long
post-processing time for each shoulder [22].

Our study has compared the accuracy of routine conven-
tional MRI with that of arthroscopy as a standard technique in
determining the severity of glenoid bone loss in the clinical
setting. Excellent intrareader and interreader correlations of
MRI-derived measurements of glenoid bone loss using the
best-fit circle method and moderate to strong correlations of
these measurements with those obtained by arthroscopy (con-
sidered the gold standard) were observed in this study. The
moderate correlation can be explained by the second radiolo-
gist’s lack of experience in the interpretation of glenoid bone
loss, suggesting that specific training is advisable to ensure
excellent performance. This agrees with the findings of
Gyftopoulos et al. [21], showing that accuracy of glenoid bone
loss quantification using the circle method depends greatly on
the level of familiarity of the interpreting radiologist with this
technique.

Previous studies have demonstrated that CT is somewhat
more accurate than MRI and should probably still be consid-
ered the gold standard for the preoperative evaluation of
glenoid bone loss, especially when a normal contralateral
shoulder can be used for comparison [4]. However, in confor-
mity with previous findings [4, 19, 20], our results show that
routine conventional MRI is also an acceptable method for the
quantification of glenoid bone loss. The advantages of MRI
over CT include the ability to assess soft-tissue and bone
abnormalities in a single examination and the reduction of
radiation exposure in this anatomical area, located close to the
thyroid and breast. Moreover, independent of the imaging
method used, the quantification of glenoid bone defects using
the best-fit circle method is not completely accurate, as it
depends to some extent on manual work [13]. As commented
by previous authors, determining the exact size of the circle is
one of the main difficulties [21]. Even subtle differences in
circle drawing can cause discrepancies between measure-
ments (Fig. 6). Furthermore, the inferior two-thirds of the
glenoid are not always completely circular in shape (Fig. 7).

Considering the practical aspects of MRI, our results sug-
gest that it can be considered a good screening method. In
clinical practice, CT will not provide additional information
that could modify the surgical decision when MRI shows a
very small (<15 %) or very large (>25 %) defect. CT is
indicated in cases of moderate (15–25 %) bone loss, given
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the chance of error in this estimate that could affect the
surgical technique.

This study has several limitations that can be considered
inherent to the materials and methods used. The use of ar-
throscopy as the gold standard for glenoid bone measurement
may be questioned due to several issues with this technique
[32]. First, the bare spot may occasionally comprise a bare
area, rather than a discrete spot [11]. Second, the boundary
between bone and soft tissue is not always clear on the
posterior edge of the glenoid [13]. Third, the calibrated probe
may not be aligned perpendicular to the long axis of the
glenoid. Nevertheless, the arthroscopic quantification of
glenoid bone loss using the bare spot as a reference point
has been described as an accurate and well-accepted guide for
the identification of significant bone loss [23].

All surgical treatment decisions were based on clinical
data, arthroscopic findings, and measurements, and the sur-
geon had access to MR images at the time of surgery, but not
to glenoid bone loss values, as such reporting is not usual in
clinical practice. In MRI analyses, observers were not blinded
to whether the examined shoulder had previously dislocated.
This bias is difficult to remove because MRI shows typical
findings indicative of dislocation. Although MR images were
obtained directly en face to the glenoid, such acquisition is
operator dependent and could influence the measurement if
not properly performed.

In conclusion, conventional MRI is frequently used to
evaluate the glenoid labrum and periarticular soft tissues in
cases of anterior shoulder dislocation. This tool can be useful
for the assessment of glenoid bone loss in the majority of
cases, particularly when employed by an experienced muscu-
loskeletal radiologist. For patients on the borderline between
requiring soft-tissue repair or a bone block procedure, CT

Fig. 6 A 25-year-old man with recurrent shoulder dislocation. a Oblique
sagittal T1-weighted MR image shows straightening of the normally
curved anterior glenoid rim (white arrows). Glenoid bone loss was
estimated to be 15 % by arthroscopic measurement and was considered
to be slight by the surgeon. Arthroscopic labral (Bankart) repair was
performed. b The area of the osseous glenoid defect was mea-
sured manually with the best-fit circle method. The first reader
estimated 16 % glenoid bone loss, similar to the arthroscopic finding. c
Subtle differences in circle drawing can cause significant discrepancies
between measurements; the second reader estimated 20 % glenoid bone
loss

Fig. 7 Oblique sagittal T1-weighted MR image obtained en face to the
glenoid, showing that the inferior two-thirds of the glenoid do not always
conform to a true circle. Significant discrepancies among measurements
occurred in this case: 30 % by arthroscopy, 25 % by the first reader, and
16 % by the second reader
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should be performed following MRI to aid in surgical
planning.
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