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Abstract

Purpose The X index is a measure of the antero-inferior
glenoid bone loss on unilateral 2D CT-scans in the pre-
operative analysis of chronic anterior shoulder instability.
Recurrence rate was shown to be higher after stabilization
surgery if X index is superior or equal to 0.4. The objective
of this study was to assess the intra- and inter-observer
reliability of the X index.

Methods Sixty patients with an X index >0.4 were
included retrospectively. The X index was measured twice
by two independent evaluators, 15 days apart. The mea-
surement was performed on a unilateral 2D CT-scan by
dividing the length of the antero-inferior glenoid defect
over the maximal antero-posterior diameter of the glenoid.
Reliability of X index was assessed with intra-class corre-
lation coefficient (ICC, p). Two points were added to the
ISIS calculation if its glenoid criterion was “zero” and we
compared this modified score to the original one.

Results The intra-observer reliability of the X index
measurement  was “excellent” (p =095 £ 0.01,
p < 0.0001) while the inter-observer reliability was
“good” (p = 0.59 £ 0.08, p < 0.0001). In patients with a
glenoid bone loss visualized by the X index, 48.3 % had a
negative sclerotic glenoid line sign. This proportion sig-
nificantly decreased with the augmentation of the X index,
p = 0.02. The average original ISIS score was 3.4 + 1.9
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and became 4.3 £ 1.7 (p < 0.00001) when the X index
was incorporated.

Conclusions The X index is a reliable and simple uni-
lateral 2D CT-scan measurement. AP shoulder radiographs
significantly underestimated glenoid bony lesions.

Keywords Shoulder instability - Anterior glenoid bone
loss - Bone block procedure

Introduction

Chronic anterior shoulder instability remains a widely
discussed topic in the literature. Current treatment practices
vary between open surgical techniques and arthroscopic
techniques. Long-term results of arthroscopic techniques
remain inferior in terms of recurrence of instability than
those obtained after bone block transfer procedures [6].

Antero-inferior glenoid bone loss has been associated
with higher rates of failure of arthroscopic technique [7, 9,
15, 16, 19, 21, 23, 25, 30]. Burkhart et al. [11] previously
reported that failure rate was higher than 50 % in patients
with 25 % glenoid bony loss.

Several authors described different radiological methods
of detecting and measuring these bony defects [2, 5, 20, 26,
27]. The loss of the anterior sclerotic glenoid line (SGL) in
neutral rotation radiographs is currently widely used to
detect anterior glenoid bone loss [20]. CT-scan measure-
ment methods of anterior glenoid bone loss have been
recently developed [4, 17, 24, 29]. Gerber et al. [15] also
published a simple method of measuring antero-inferior
glenoid bone loss on 2D CT-scans and entitled it the
X index. Sommaire et al. [28] showed than an X index
superior or equal to 0.4 results in higher failure rates of
arthroscopic stabilization after 2 years follow-up.
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A recent publication by Auffarth et al. [1] stresses the
importance of the CT-scan versus plain radiographs in the
detection of glenoid bony lesions in anterior shoulder
instability. This therefore confirms the necessity of a more
precise method of bone lesion detection.

Decision making in cases of chronic anterior shoulder
instability is surgeon dependent. The Instability Stability
Index Score (ISIS) was aimed to simplify decision making
in cases of chronic anterior shoulder instability [3]. It took
into consideration a great number of factors that throughout
the years have shown to be predictive of success or failure
of the initial stabilization [9]. The ISIS publication [3]
recommended performing an arthroscopic Bankart repair in
patients with a score of six or lower and a bone block
transfer procedure like the Latarjet procedure [22] for those
with more than six points.

We hypothesize that plain radiographic evaluation of the
SGL sign is not satisfactory in definitively eliminating the
loss of the inferior glenoid bone loss and that CT-scan
enhancement is necessary to correctly visualize the glenoid
rim.

The objective of this study was to assess the intra- and
inter-observer reliability of the X index to quantify glenoid
bone loss in chronic anterior shoulder instability.

Materials and methods

A mono-centric retrospective study concerned all cases
presenting with chronic anterior shoulder instability treated
surgically between January 2010 and January 2011.

Radiological assessment

All operated patients systematically underwent AP shoul-
der radiographs in internal, neutral and external rotations,
supraspinatus outlet view and a CT-scan.

For the study, CT-scans of all operated patients were
evaluated. Two orthopedic trauma surgeons of similar
experience independently viewed the CT-scan. The second
evaluation of the CT-scan was blinded and viewed in a
different sequence. Both observers were blinded to the
plain radiographic findings. An independent biostatistician
ensured the standardization of the study protocol.

The X index was measured using the Osirix ™ software.
The measurements were taken on a sagittal image passing
through the glenoid just after the disappearance of the
humeral head. The X index was calculated by dividing the
length of the anterior bone lesion over the maximal
diameter of the glenoid (Fig. 1) [15].

According to the ISIS, the AP shoulder radiograph in
neutral position was used in order to detect a loss in the
SGL [20]. This assessment was done by the surgeon as a
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Fig. 1 Measurement of the X index: a/b

preoperative evaluation and was collected retrospectively
from the medical file.

ISIS calculations

The original ISIS was calculated for each patient [3]. The
modified ISIS was recalculated by adding two points to
each patient who was shown to have a bony glenoid lesion
on the CT-scan (X index >0.4) and not on the neutral AP
radiographs (loss of the SGL). Two points were chosen to
reproduce the original ISIS scoring system.

Statistical analysis

Statistical analysis was performed using Stata®/IC V 10.0.
The Pearson’s rank correlation coefficient (r), the Bland
and Altman diagram [8] and the intra-class correlation
coefficient (ICC, p) were used to assess the intra- and inter-
observer reliability of the X index. The strength of the
relationship was classified as strong (r > 0.5), medium
(0.3 <r<A0.5), small (0.1 <r<20.3) or none (r <0.1)
[12]. The strength of the agreement was classified as
excellent (p > 0.75), good (0.40 < p < 0.75) or poor
(p < 0.40) [14]. All correlations were tested for statistical
significance using the p value. The Student’s ¢ test was used
for comparing groups. Nonparametric analysis was per-
formed using the Cuzick’s nonparametric trend test. Sta-
tistical significance was set at p < 0.05.
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Results

During the study period, 160 patients underwent surgery
for chronic anterior shoulder instability. Sixty patients with
X index > 0.4 were included. The mean age was 28 years
(average 15-26). There were 56 men and 4 women, with 40
right and 20 left shoulders. An arthroscopic Bankart repair
was performed in 14/60 patients, an arthroscopic Latarjet
procedure in 22/60 patients and an open Latarjet procedure
in 24/60 patients.

The intra-observer reliability of the X index was strong
with a Pearson’s coefficient of correlation measured at
r=0.95 (p < 0.00001) and an excellent intra-class coef-
ficient of correlation at p = 0.95 (p < 0.00001). The inter-
observer reliability was strong with a Pearson’s coefficient
of correlation measured at » = 0.61 (p < 0.00001) and a
good intra-class  coefficient of correlation at
p = 0.59 + 0.08 (p < 0.00001, Fig. 2).

All patients with no radiological glenoid bone loss, thus
a glenoid score of “zero”, were isolated (29 patients or
48.3 %). Measurement of the X index in these patients
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Fig. 2 Bland and Altman diagrams showing good intra- (a) and inter-
observer (b) reliability of the X index measurement and no systematic
bias

revealed a significant reduction in number of cases with a
negative SGL sign when the X index increases: 14/23
(60.9 %) with 0.40 < X < 0.60, 14/29 (48.3 %) with
0.60 <X <0.80 and 1/8 (12.5 %) with 0.80 <X <1,
p = 0.02 (Table 1).

The difference between the original and recalculated
ISIS (two points added if X index > 0.40) was 0.9 points.
The mean original ISIS was 3.4 & 1.9 while the mean
modified ISIS was 4.3 £ 1.7 (p < 0.00001).

Discussion

Multiple publications have demonstrated the importance of
the failure of arthroscopic stabilization if associated with
glenoid bone loss [7, 9, 10, 16, 19, 21, 23, 25, 30]. This
therefore leads us to more efficiently analyze glenoid bony
lesions in order to reduce recurrence. Burkhart et al. [11]
has previously demonstrated the importance of the glenoid
bone loss on the rates of failure of arthroscopic Bankart
repair. This was seconded by Boileau et al. [9] who also
stated that glenoid bone loss was an important risk factor
for failure of arthroscopic treatments. This study was based
on a previous publication by Sommaire et al. [28] who
systematically studied and measured the X index and cor-
related it with rates of failure. In their study, a recurrence
rate of 20 % after arthroscopic stabilization was observed
if the X index was equal to or greater than 0.4.

Multiple methods of analyzing the antero-inferior gle-
noid bone loss exist. Radiological analysis using either
plain radiographs or sophisticated methods using CT-scans
has been described. Arthroscopic bare spot measurement
described by Burkhart et al. [10] is another alternative that
is both invasive and operator dependent.

Analysis of the loss of SGL described by Jankauskas
et al. [20] is a method used to analyze antero-inferior
glenoid bone loss. This method is the recommended
method described in original ISIS publication. In our study,
it was clearly demonstrated that more than half of the
patients in the study group had a false negative on plain AP
radiographs.

Alternative plain radiographic methods of antero-infe-
rior glenoid bone loss detection include the axillary view
[13] or the Bernageau view [5]. Pansard et al. [26] dem-
onstrated the efficacy of the Bernageau view in demon-
strating antero-inferior glenoid bone loss. Even though the
Bernageau view shows excellent reliability, it remains a
bilateral and difficult examination to correctly perform. It
is also a difficult examination to perform in acute cases
where the patient remains painful and could not perform
the maneuver required for correct visualization.

The measurement method published by Sugaya et al.
[29] uses a unilateral 3D CT-scan to analyze bone loss. The
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Ta.ble 1 Analysis of the N Mean X index p No glenoid bone loss Glenoid bone loss P
X index S}Jbgrf)ups compared to (ISIS) (ISIS)
the glenoid criterion of the ISIS
040 <X <060 23 0488 £8 % 0.0001 14 (60.9 %) 9 (39.1 %) 0.02
060 <X<0.80 29 0.697 £5.6 % 14 (48.3 %) 15 (51.7 %)
080 <X<1 8 0.853 £5.6 % 1 (12.5 %) 7 (87.5 %)
Total 60 0.638 & 145 % 29 (48.3 %) 31 (51.7 %)
Sugaya method was shown to have a good inter- and intra-  References

observer reliability by a cadaveric study performed by
Huysmans et al. [18]. The Griffith method [17] is another
well known and commonly used CT-scan based measure-
ment that requires a CT-scan of the contralateral shoulder.
No studies have been performed to show its inter- and
intra-observer reliability.

The Pico method described by Magarelli et al. [24]
shows very good inter- and intra-observer reliability using
a 2D CT-scan that requires scanning the contralateral
shoulder. The X index can be measured on 2D CT-scan
without the necessity of the contralateral shoulder using
conventional free software. We have also demonstrated
very good and excellent inter- and intra-observer reliabil-
ity, respectively.

Results clearly show that if the CT-scan is taken into
consideration, the ISIS significantly increases therefore
potentially altering treatment technique. A more precise
analysis of antero-inferior glenoid bone loss would
probably increase the indication for a Latarjet procedure,
as detection of even smaller lesions will be performed.
Since the realization of this study, all patients who suffer
from anterior shoulder instability systematically perform a
CT-scan of the affected shoulder. The measurement of
X index is routinely performed and helps in the decision
making.

Even though we showed the superiority of the CT-scan
based X index over the AP radiograph, a prospective study
that compares the recurrence rate of patient’s chosen
according to the ISIS versus those chosen using the ISIS
and X index should be performed.

Study limitations include its retrospective design and the
lack of clinical results concerning the subject.

To conclude, the X index performed on a unilateral 2D
CT-scan helps in the detection of small but significant
antero-inferior glenoid bone loss. Furthermore, it has
shown to have an excellent and very good intra- and inter-
observer reliability, respectively.
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