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Abstract
Objective To determine if it is possible to measure glenoid
bone loss by using the Bernageau view and to compare it to
a 3D CT scan.
Materials and methods Fifty healthy subjects with a mean
age of 34±8 years old and 31 (62 %) male were submitted to
the Bernageau view X-ray of both shoulders. Three blinded
evaluators measured the distance between the posterior
and anterior glenoid rim. Ten patients with multiple
episodes of unilateral traumatic anterior shoulder dislo-
cation with a mean age of 34±9.1 years old and 90 %
male were submitted to the same X-ray technique to
determine the percentage of glenoid bone loss. They
were also submitted to a bilateral 3D CT scan to be
compared to the radiographs.

Results In the 50 asymptomatic subjects, the AP dis-
tance was 24.48 mm±3.32 mm in the left shoulder
and 24.82 mm±3.16 mm in the right shoulder. Compar-
ing the X-ray study and the 3D CT scan of the ten
patients with multiple episodes, there was no significant
statistical difference of the AP normal distance in both
methods (p00.646), the AP erosion distance (p00.386),
as well as the percentage of bone loss (p00.513).
Moreover, the differences between the percentages of
bone loss in the X-ray, compared with the 3D CT scan
were, on average 2.28 % (range 0 to 6.05 %).
Conclusions The Bernageau radiographic view is an accu-
rate and reproducible technique for measuring the presence
of glenoid erosion, with similar results when compared to
the 3D CT scan.
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Introduction

Antero-inferior glenoid rim bone loss has been related to the
number of shoulder dislocations and, depending on its size,
bone graft may be indicated to avoid shoulder dislocation
recurrence [1–4]. Several radiographic views have been de-
scribed to study recurrent shoulder dislocation and evaluate
the anterior-inferior glenoid rim [5–8]; although radiographs
have a low-cost and are commonly used, few studies have
assessed their capability to measure antero-inferior glenoid
bone loss. In addition to this, patient positioning is of utmost
importance during an X-ray exam and the view utilized can be
difficult to reproduce [5–7]. Edwards et al. have shown that by
using the Bernageau profile view, it is possible to perform an
adequate study of the anterior and inferior glenoid rims, and
that 78.8 % of osseous abnormalities of the glenoid can be
identified; a fluoroscopic device was used to confirm this
technique’s reproducibility [6]. On the other hand, Itoi et al.
have shown that the West Point view allows an accurate
calculation of the anterior and inferior glenoid rim bone loss,
in spite of the difficulty to reproduce this X-ray view [7].

The aim of this study was, first, to determine if it is
possible to measure glenoid bone loss by using the Berna-
geau profile view and, second, to compare the Bernageau
profile view to 3D CT scan in ten patients with multiple
dislocations. To achieve this, the distance between the ante-
rior and posterior glenoid rim and the difference between
both shoulders need to be evaluated.

Materials and methods

Our institution’s ethical committee approved this project. All
subjects read and signed an informed consent form. This
prospective study was performed in two phases between
June of 2009 and July of 2010. In the first phase, we
analyzed if it would be possible to use the Bernageau
profile X-ray view to calculate an antero-inferior glenoid
bone loss. In the second phase, we compared this tech-
nique to 3D CT scan.

Phase I: Fifty healthy adult subjects were submitted to a
radiographic evaluation of their shoulders (100 exams). The
mean age of the subjects was 34±8 years old (range: 20 to
68 years old) and 31 (62 %) were male. Patients were
selected consecutively at the hospital’s general orthopedic
clinic. For the first phase of the study, the inclusion criteria
was absolutely no known history of shoulder pathology and
the exclusion criteria was any kind of radiological abnor-
mality at the shoulder or previous surgery at the shoulder.

Phase II: Ten patients (nine men, one woman) with
traumatic shoulder dislocation with multiple episodes
were evaluated (20 exams). The mean age of the sub-
jects was 34±9.1 years old (range: 19 to 47 years). The
mean number of episodes was 32 (range 14 to 50
episodes). For the second phase of the study, the inclu-
sion criteria was history of traumatic shoulder disloca-
tion and the exclusion criteria was previous shoulder
surgery or anatomical abnormalities not related to the
dislocations.

Phase I

All subjects were submitted to a bilateral shoulder ra-
diographic exam using the Bernageau profile view
(Fig. 1a, b), performed as previously described [5, 6].
The X-ray tube (Shimadzu 1/2P38D; Shimadzu Corpo-
ration Kyoto—Japan) was positioned at a distance of
100 cm from the shoulder to be studied at an angle of
30º caudally and centered on the scapula spine. The
patient was positioned standing with the arm to be
studied at maximal forward flexion, usually 160 degrees
at the scapular plane; the thorax in contact with the
radiographic cassette at an angle of 70 degrees. A
10-cm-long number 3 Steinmann pin is positioned at
the patient’s shoulder (fixed at the scapular spine) at
the moment of the radiographic evaluation to control
magnification [9].

The same technique was always applied (65±5 kV,
20 mA) and, the same type and size of films were used
for all subjects (FotoMed™—24×30 cm).

Using this position to perform the X-ray, usually no
more than two repetitions were needed to obtain the
Bernageau view. Our technician was trained to perform
the patient positioning. There is also option to use
fluoroscope to assist the positioning as described by
Edwards et al. [6].

Phase II

Ten subjects with multiple episodes of unilateral traumatic
anterior shoulder dislocation were submitted to the same
X-ray technique described above to determine their percent-
age of glenoid bone loss. They were also submitted to a
bilateral 3D CT scan (Phillips Brilliance 64-channel CT
Scanner; Phillips Electronics—Koninklijke, The Nether-
lands) and, similar to the X-ray evaluation, the unaffected
side served as control and the antero-posterior (AP) glenoid
distance was considered to be 100 %. The affected side was
measured in the same way, and the percentage of glenoid
bone loss was calculated.
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Measurement

a) X-rays After performing the Bernageau profile view X-
rays the distance between the anterior and pos-
terior glenoid rim was calculated (Glenoid A-P
distance), following the posterior and the anteri-
or walls of the scapula.
Three blinded examiners performed this mea-
surement; they were all shoulder surgeons with
10 or more years of experience. Each examiner
repeated each measurement three times, with at
least 1-week interval between measurements.

b) CT-scan The largest glenoid AP distance of both sides was
calculated using the tools provided by the 3D CT
Scan software (Philips Brilliance Visualization
Software) and the percentage of glenoid bone loss
was calculated. Amusculoskeletal radiologist with
15 years of experience made these measurements.

Statistical analysis

Pearson’s correlation coefficient was used to evaluate the
intra-observer and inter-observer reproducibility and the

Anderson-Darling normality test was used to study the
variability of this distance, evaluating whether these objec-
tive measurements had normal distribution. The Wilcoxon
test was used to compare the percentage of bone loss
obtained by each method. The level of significance was set
at 5 % (p<0.05). Statistical analysis was performed with
SPSS (Statistical Package for the Social Sciences, version
13.0, SPSS Ind., Chicago, IL).

Results

The distance between the anterior and posterior glenoid rims
on the Bernageau profile view was measured for all normal
X-rays (n0100). The average distance was 24.82 mm±
3.16 mm (range: 16.92–31.81 mm) in the right shoulder
and 24.48 mm±3.32 mm (range: 18.64–32.22 mm) in the
left shoulder.

The reproducibility was evaluated among the three
measurements taken from each of the three evaluators.
Pearson’s correlation test was used and a significant corre-
lation among the three measurements of each examiner, as
well as, among the three examiners, (p<0.01) was found.
The average intra-observer ICC was 0.965 for evaluator 1,

Fig. 1 a, b Patient positioning
to perform the Bernageau
profile view

Table 1 AP measurements performed on the Bernageau view radiography and 3D CT scan

Subject Age Gender AP normal 3D CT AP erosion 3D CT % CT AP normal Bernageau AP erosion Bernageau % Bernageau

1 32 M 27.57 22.07 19.95 28.57 21.17 26.00

2 30 M 23.90 19.20 19.70 23.65 18.00 24.00

3 45 M 31.10 22.08 29.00 35.00 24.10 31.00

4 47 F 24.20 19.60 19.00 20.10 16.60 17.00

5 27 M 25.40 20.17 21.00 22.67 17.80 21.00

6 26 M 27.80 21.50 23.00 23.52 17.84 24.00

7 39 M 25.77 19.88 23.00 28.80 22.01 24.00

8 19 M 27.30 22.30 19.50 33.80 26.98 20.00

9 42 M 26.80 19.10 29.00 24.04 17.98 25.00

10 31 M 27.70 19.00 31.00 22.11 15.78 29.00

AP antero posterior; CT computed tomography; % percentage; (Source: Institution’s Radiology Service)
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for evaluator 2 it was 0.897, and for evaluator 3 it was
0.968. The average inter-observer ICC was 0.81 for the
right side and 0.76 for the left side.

In addition to this, the distance from the anterior to the
posterior glenoid rim had a normal distribution using the
Anderson-Darling normality test (95 % of the samples with-
in the confidence interval).

In regards to the ten subjects with anterior shoulder
dislocation evaluated, the erosion percentage of the AP
distance of the glenoid cavity calculated on the Bernageau
view varied from 17.0 to 29.0 % (average 24.1 %) and, the
erosion percentage calculated on the 3D CT scan varied
from 19.0 to 31.0 % (average 23.4 %) (Tables 1 and 2).
There was no significant statistical difference when compar-
ing the AP normal distance in both methods (p00.646), the
AP erosion distance (p00.386), as well as, the percentage of
bone loss (p00.513) (Fig. 2a–d) Moreover, the differences
between the percentages of bone loss in the X-ray, compared
to the 3D CT Scan was, on average, 2.28 % (range 0 to
6.05 %) (Table 2).

Discussion

This study evaluated the utility of radiographs for measuring
AP glenoid distance as well as anterior-inferior glenoid rim
erosion. We have found that the Bernageau profile view is
helpful in evaluating the anterior-inferior glenoid rim and in
calculating the glenoid A-P distance and that the distances
were not significantly different than those measured on a 3D
CT scan.

In a cadaveric study performed by Bueno et al. in 61
scapulae specimens from the Anatomy Lab where one of the
variables measured was the largest AP distance of the gle-
noid, an average of 26.38 mm±2.69 mm (range 20.03 mm
to 32.35 mm) of the glenoid AP distance was obtained [10].
In the current study with the Bernageau view, the average
distance was 24.82 mm±3.16 mm (range: 16.92–31.81 mm)
in the right shoulder and 24.48 mm±3.32 mm (range:
18.64–32.22 mm) in the left shoulder. Those are very close
values obtained in two different studies and therefore we
used the same concept to measure the glenoid on the CT

Table 2 Comparison between
Bernageau and 3D CT scan
measurements

AP antero posterior; CT com-
puted tomography; n number of
subjects; (Source: Institution’s
Radiology Service)

Variables n Mean SD Minimum Maximum Median P

AP normal CT 10 26.75 2.09 23.90 31.10 27.05 0.646
AP normal Bernageau 10 26.23 5.08 20.10 35.00 23.85

AP erosion CT 10 20.49 1.35 19.00 22.30 20.03 0.386
AP erosion Bernageau 10 19.83 3.61 15.78 26.98 17.99

% CT 10 23.42 4.55 19.00 31.00 22.00 0.513
% Bernageau 10 24.10 4.12 17.00 31.00 24.00

Fig. 2 Example of A-P glenoid
distances calculated with the
Bernageau profile view of the
left shoulder and right shoulder
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Fig. 4 Calculating glenoid
bone loss with the Bernageau
profile view showing a glenoid
bone loss of 21.2 %

Fig. 3 Example of comparative
study: Bernageau profile view
versus 3D CT scan. a A-P gle-
noid distance calculated with
Bernageau profile view of the
affected side, confirming a gle-
noid bone loss of 23.6 %. b A-P
glenoid distance calculated with
Bernageau profile view of the
unaffected side. c A-P glenoid
distance calculated with 3D CT
scan of the affected side, con-
firming a glenoid bone loss of
22.9 %. d A-P glenoid distance
calculated with 3D CT scan of
the unaffected side
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scan, measuring the largest AP glenoid distance and found
no significant statistical difference.

Although radiographs are used to diagnose glenoid bone
loss, only a few studies have described the possibility of
using them to calculate the percentage of bone loss [6, 7,
11], and as the left and right shoulders presented with almost
the same glenoid A-P distances, we believe that the unaf-
fected shoulder can be used as a control to predict glenoid
bone loss.

In addition to this, the glenoid A-P distances obtained in
this study were similar to the distances found in previous
studies as well as to the distances measured in the 3D CT
scan. Churchill et al., after studying 344 scapulae, observed
that the glenoid width was in average 27.8±1.6 mm in
males and 23.6±1.5 mm on females [12]. Burkhart et al.
studied the glenoid A-P distance in ten cadavers and found
that this distance was, in average, 24.40 mm [13]. Kwon et
al. studied the anatomy of the glenoid and compared it with
CT scans and found that the maximum glenoid width at the
cadavers measurement was, on average, 26.8±5.0 mm and
25.2±4.7 mm [14]. Ikemoto et al. observed that the maxi-
mum glenoid A-P distance was, on average, 24.21 mm±
2.57 mm after evaluating 93 embalmed scapulae [15]. In
2010, Ikemoto et al. described how to perform a radiographic
study with the Bernageau view [16].

Many authors believe that a circle can fit the inferior
portion of the glenoid contour [11, 13, 17, 18] and this circle
diameter is used arthroscopically to calculate glenoid bone
loss. We believe that the A-P glenoid distance measured in the
Bernageau profile view also represents the glenoid circle
diameter and, when compared to the contra-lateral side, can
be used to predict bone loss. According to some studies [17,
19, 20], the glenoid bone defect is anterior and we considered
the diameter of the circle to be a good parameter to measure it.

At an anatomical study performed by Itoi et al. [21],
progressive osteotomies of the glenoid were done and it was
observed that a loss of the AP distance on average of 6.8 mm
corresponds on average to a decrease of 21 % of the glenoid
surface area, to 21 % of the glenoid length and to 25 % of the
AP distance, being the critical size of erosion where bone
grafting is needed. With that in mind, we considered that the
linear AP glenoid distance can provide enough information to
help the surgeon to decide on the best procedure to be done.

If anterior-inferior glenoid rim erosion is greater than
25 %, it can lead to a high recurrence rate of shoulder
dislocation when only soft tissue reconstruction is per-
formed [1, 17, 22, 23]. According to Burkhart et al., the
recurrence rate of the arthroscopic Bankart repair in patients
with glenoid AP erosion greater than 25 % is up to 67 %,
and therefore should be treated with a bone graft procedure
[24]. Montgomery et al. published an anatomical study
where they created glenoid bone defects and then fixed a
bone graft to restore it in several different positions. After

that, they tested the intrinsic stability provided by the graft.
They concluded that anterior-inferior instability of the
shoulder caused by an osseous defect in the glenoid could
be corrected with bone grafting [25].

Therefore, the pre-operative diagnosis is important,
though intra-operative arthroscopy evaluation can give us
significant information about the glenoid’s anatomy [13,
26]. However, not every surgeon performs soft-tissue recon-
struction by arthroscopy. Besides, these intra-operative tech-
niques depend on the surgeon’s experience, and they are not
always reproducible [27].

In spite of the fact that 3D CT scan can determine
glenoid bone loss with significant efficacy, it is more ex-
pensive than a simple radiographic study [14, 18, 28]. In
addition to this, radiation exposure of the 3D CT scan is
notably higher than a radiographic exam. This study has
shown that the Bernageau profile view is a useful tool for
evaluating the anterior rim bone loss, with similar results to
the CT scan (Fig. 3a, b). In patients with glenoid AP erosion
greater than 25 %, the Bernageau view rules out the possi-
bility of arthroscopic repair even before the CT scan is
obtained (Fig. 4).

We do not intend to substitute the CT scan for the Berna-
geau but to use the Bernageau view as a triage exam to
detect glenoid bone loss. For those patients on borderline
between soft-tissue repair or bone-block procedure, the CT
scan should follow the Bernageau view to help in the sur-
gical planning. Furthermore, in those patients where the
Bernageau shows glenoid bone loss that needs a bone block
procedure, the CT scan is also useful in confirming the size
of the defect and to plan the adequate bone graft to be used
(coracoid, iliac crest, or other).

Summary statement The Bernageau radiographic view is an
effective and low-cost method for evaluating glenoid bone
erosion.

Conclusions

The Bernageau radiographic view is an accurate and repro-
ducible way for measuring the presence of glenoid erosion,
with similar results compared with the 3D CT scan.

The authors have no conflicts of interest to declare and did not receive
funding for the study.
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