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Background: The aim of the study was to develop a computed tomography (CT)–based measurement pro-
tocol for coracoid graft (CG) placement in both axial and sagittal planes after a Latarjet procedure and to
test its intraobserver and interobserver reliability.
Methods: Fifteen postoperative CT scans were included to assess the intraobserver and interobserver re-
producibility of a standardized protocol among 3 senior and 3 junior shoulder surgeons. The evaluation
sequence included CG positioning, its contact area with the glenoid, and the angle of its screws in the
axial plane. The percentage of CG positioned under the glenoid equator was also analyzed in the sagittal
plane. The intraobserver and interobserver agreement was measured by the intraclass correlation coeffi-
cient (ICC), and the values were interpreted according to the Landis and Koch classification.
Results: The ICC was substantial to almost perfect for intraobserver agreement and fair to almost perfect
for interobserver agreement in measuring the angle of screws in the axial plane. The intraobserver agree-
ment was slight to almost perfect and the interobserver agreement slight to substantial regarding CG positioning
in the same plane. The intraobserver agreement and interobserver agreement were both fair to almost perfect
concerning the contact area. The ICC was moderate to almost perfect for intraobserver agreement and slight
to almost perfect for interobserver agreement in analyzing the percentage of CG under the glenoid equator.
Conclusion: The variability of ICC values observed implies that caution should be taken in interpreting
results regarding the CG position on 2-dimensional CT scans. This discrepancy is mainly explained by
the difficulty in orienting the glenoid in the sagittal plane before any other parameter is measured.
Level of evidence: Level III; Diagnostic Study
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The Latarjet procedure remains the most effective for treat-
ment of recurrent anterior shoulder instability by “closing”
the anterior glenohumeral space where the dislocations
occur.9,16 Patte initially promoted the triple blocking mech-
anism of the Latarjet procedure: (1) the bone block effect of
the coracoid graft (CG); (2) the sling effect between the con-
joined tendon and the inferior part of the subscapularis tendon;
and (3) the capsular effect after suturing of the capsule with
the stump of the coracoacromial ligament.9 Furthermore,
Yamamoto emphasized the importance of the dynamic sling
effect at both the mid- and end-range arm positions.27

However, the appropriate placement of the CG, in both the
axial and sagittal planes of the glenoid, was consistently re-
ported to be crucial to achieve glenohumeral stability and to
avoid any short- or long-term complications.2,23 More spe-
cifically, too high or too low CG positioning in the sagittal
plane may lead to relapse, as dislocation may occur below
or above the graft. Furthermore, whether “flush” positioning1

or a “congruent arc”6 restoration is the target, an excessive-
ly medial position of the CG may also lead to failure, whereas
potential arthritic changes may result from a proud
coracoid.1,18,19

Therefore, because the appropriate position of the CG in
both planes is an important element of the Latarjet stabili-
zation effect, it is obviously necessary to require a reliable
and precise imaging protocol assessing this graft placement.27

Initially, frontal and axillary views of plain radiographs were
usually performed, and despite the relatively large case series
published,1,18,19 it was reported that they could not provide an
accurate analysis of the bone block position or the bone-to-
bone contact.8 Recently, various, more or less detailed
computed tomography (CT)–based protocols have been used,
but their reproducibility and reliability remain debatable3,14,17

Therefore, the main purposes of our study were (1) to define
a new 2-dimensional (2D) CT scan analysis protocol after a
Latarjet procedure to assess the CG position in both axial and
sagittal planes and its contact area with the anterior glenoid
and (2) to evaluate its reproducibility and reliability among
various orthopedic surgeons.

Materials and methods

A multicenter prospective study, promoted by the French Society
of Arthroscopy, was conducted to compare the results between
arthroscopic and open Latarjet procedures. The patient inclusion
study period lasted from March 2013 to June 2014. However, the
postoperative evaluation continued until September 2015 to reach
at least 1 year of follow-up. All patients were scheduled for CT
scans within 6 weeks postoperatively to assess CG placement,
using the same examination protocol (64-slice CT scanner, Toshiba,
slice thickness set at 0.5 mm, bone filter). The evaluation protocol
for acquired images was defined according to previously pub-
lished data.12,14

Our purpose was initially to assess the intraobserver and
interobserver reproducibility of the proposed 2D CT scan protocol
among 3 senior and 3 junior shoulder surgeons before evaluating
the entire study cohort (390 patients were finally enrolled). Fifteen

patients (11 male and 4 female patients with a mean age of 27 ± 7
years) operated on by 3 highly experienced surgeons (5 by G.W.,
5 by J.B., and 5 by L.L.) were initially included and underwent CT
scan examination. In this preliminary study, 2 surgical approaches
of the Latarjet procedure were used: the classic open CG transfer
with a subscapularis muscle split and 2-screw stabilization21; and
the all-arthroscopic technique by using the Mitek special instru-
mentation and cannulated screws (DePuy Mitek, Wokingham, UK).15

All Digital Imaging and Communications in Medicine (DICOM)
images were extracted from native CDs using the Macintosh-
based OsiriX software (OsiriX Lite v.7.0.1; Pixmeo, Geneva,
Switzerland). The DICOM image processing sequence was as follows.

Orientation of the glenoid in 3 dimensions

The multiplanar reformatting function of the OsiriX software is used
to obtain simultaneously 3 planes in the same window (axial, sag-
ittal, and coronal), the position of which is also defined by rotating
the 2 perpendicular axes in each plane.

In the axial plane, 1 of the lines given by the software is posi-
tioned tangent to the glenoid subchondral bone. The second line,
perpendicular to the first, is positioned at the center of the glenoid,
and this is confirmed in both axial and coronal planes. The goal is
to obtain the en face view of the glenoid in the sagittal plane. There-
after, using the “oval” tool, 2 circles (1 inferior and 1 superior), tangent
to the glenoid margins, are drawn on the en face view in the sag-
ittal plane. The straight line that connects the centers of both circles
defines the vertical axis of the glenoid (Fig. 1, A).

Finally, in the coronal view and at the level of the acquired ver-
tical axis, the arch of the glenoid is defined by drawing a circle (“oval”
mode in the toolbar) tangent to the subchondral bone. Also, an angle
(“angle” tool) is created by connecting the center of this circle with
the superior and inferior borders of the glenoid. The limits of the
joint arch are the intersections between the circle and the angle lines
reaching the most superior and inferior aspects of the subchondral
glenoid bone. Thereafter, the height of the joint line is obtained

Figure 1 Orientation of the glenoid. (A) Two ovals (superior and
inferior, using the “oval” mode in the toolbar) were drawn to define
the vertical axis of the glenoid passing through both centers of the
ovals. (B) In the coronal view, the arch of the glenoid was defined
using an oval (“oval & angle” mode in the toolbar) tangent to the
subchondral bone. The limits of the arch of the joint line were the
intersection between the oval and both lines of the angle reaching
the most superior and inferior aspects of the subchondral bone
of the glenoid. The height of the joint line was obtained by using
the “length” mode in the toolbar and was divided by 4 to obtain the
glenoid equator (at the middle 50% of the glenoid height) and the
inferior quartile (at 25% of the glenoid height).
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(“length” mode in the toolbar) and calculated in centimeters. Fur-
thermore, the acquired height is divided in 4 equal segments to obtain
the glenoid equator (at the middle) and its superior and inferior
quartiles (Fig. 1, B).

Measurements

The following measurements are performed in the axial plane:

The angle of the inferior and superior screws in relation to the
glenoid subchondral bone is calculated with the OsiriX soft-
ware “angle” tool (Fig. 2, A).

The positioning of the CG at the equator and at the inferior quartile
of the glenoid is measured by drawing 2 parallel lines using
the “length” tool: one tangent to the subchondral bone, the other
tangent to the most lateral aspect of the CG. Then, the dis-
tance between the 2 lines is measured. The CG is considered
too medial if it is located >4 mm medially from the joint line,
overhanged if it is placed >1 mm laterally, and flush when it
is in between (Fig. 2, B and C).

The contact area between the CG and the glenoid is measured
with the “angle” mode in the toolbar and by determining the
angle between the undersurface of the CG and the anterior
glenoid cortical aspect. The contact area measurements are per-
formed at the middle part of the graft between the 2 screws.
The contact is considered perfect if the angle is ≤4°, incom-
plete if the angle is >4°, and absent if the space between the
CG and the glenoid is >1 mm (Fig. 2, D).

The following measurements are performed in the sagittal
plane:

The percentage of CG placed under the equator of the glenoid
is measured in the sagittal plane. First, the axis tangent to the
joint line in the axial plane is moved medially to the middle
aspect of the CG; the horizontal axis in the coronal plane is
moved to the equator as defined before. Two parallel lines are
drawn on the coracoid: one on the longest aspect of the CG
(L) and the second from the inferior border of the coracoid
to the equator (l). The ratio l/L gives the percentage of the graft
positioned below the glenoid equator (Fig. 3).

Statistical analysis

A statistical analysis was performed by an independent physician
(J.-C.P.) with the AdScience software (Paris, France). The
intraobserver and interobserver agreements were evaluated by the
intraclass correlation coefficient (ICC or Kendall coefficient) 2 by
2 with a 95% confidence interval.

The P value allowed confirmation of the hypothesis of agree-
ment if P < .05.

The power of ICC values is interpreted according to the Landis
and Koch classification: no agreement to slight agreement, <0.20;

Figure 2 Measurements performed in the axial plane. (A) The angle of the screws from the subchondral bone of the joint line was measured
with the “angle” mode in the toolbar. (B and C) An example of a “too medial” coracoid graft (CG) at 25% (C) of the height of the glenoid.
With the “length” mode, 2 parallel lines were drawn: one tangent to the subchondral bone, and the other tangent to the most lateral aspect of
the CG. Then, the distance between the 2 lines was measured. The CG was considered too medial if it was located >4 mm medially from the
joint line, overhanged if it was placed >1 mm laterally, and flush when it was in between. (D) An example of incomplete contact area between
the CG and the glenoid by using the “angle” mode in the toolbar and measuring the angle between the undersurface of the CG and the anterior
glenoid cortical bone. The contact was considered complete for an angle ≤4°, incomplete if the angle was >4°, and without contact if the space
between the CG and the glenoid was >1 mm. GP, gauche posterieur (left posteriorly); DA, droit anterieur (right anteriorly).

Figure 3 We measured the percentage of coracoid graft (CG) under
the equator of the glenoid in the sagittal plane by using the “length”
mode in the toolbar. First, the axis tangent to the joint line in the
axial plane was moved medially to the middle aspect of the CG;
the horizontal axis in the coronal plane was moved to the equator
as defined before. Two parallel lines were drawn on the coracoid:
one on the longest aspect of the CG (L) and the second from the
inferior border of the coracoid to the equator (l). The ratio l/L gives
the percentage of the graft positioned below the glenoid equator.

ARTICLE IN PRESS
2D-CT scan reliability after a Latarjet procedure 3



fair agreement, 0.21 to 0.40; moderate agreement, 0.41 to 0.60; sub-
stantial agreement, 0.61 to 0.80; and almost perfect agreement, 0.81
to 1.00.

Results

We used the defined method to obtain the following results
in the axial plane.

• Angle of the screws
• For the inferior screw, the ICC was substantial to almost

perfect for intraobserver agreement (mean, 0.81; range,
0.70-0.94) and fair to almost perfect for interobserver
agreement (mean, 0.58; range, 0.40-0.92).

• For the superior screw, the ICC was substantial to
almost perfect for intraobserver agreement (mean, 0.78;
range, 0.60 to 0.92) and moderate to substantial for
interobserver agreement (mean, 0.62; range, 0.47-0.79).

• Positioning of the CG
• At the inferior quartile (25%) of the glenoid, the ICC

was slight to almost perfect for intraobserver agree-
ment (mean, 0.68; range, 0.16-0.90) and slight to
substantial for interobserver agreement (mean, 0.48;
range, 0.08-0.79).

• At the glenoid equator level (50%), the ICC was mod-
erate to almost perfect for intraobserver agreement
(mean, 0.65; range, 0.43-0.81) and slight to substan-
tial for interobserver agreement (mean, 0.47; range,
0.18-0.75).

• Contact area between the CG and the anterior glenoid
surface
• The ICC was fair to almost perfect for intraobserver

agreement (mean, 0.69; range, 0.31-1.0) and also fair
to almost perfect for interobserver agreement (mean,
0.53; range, 0.21-0.87).

Finally, in the sagittal plane, in analyzing the percentage of
CG placed under the equator of the glenoid, the ICC was mod-
erate to almost perfect for intraobserver agreement (mean, 0.69;
range, 0.45-0.85) and slight to almost perfect for interobserver
agreement (mean, 0.42; range, 0.03-0.90) (Table I).

Discussion

The most important finding of this study, apart from the screw
angle calculation, was that the reproducibility of the 2D CT
scan measurements on CG positioning was not as high as pre-
viously published.13 Kraus was acknowledged as the first to
describe a detailed standardized protocol, but his method could
lead to potential issues.12,14 Our method differs from his study
protocol, especially in defining the vertical axis of the glenoid
fossa. He defined the vertical axis with references to the su-
perior and inferior tubercles of the glenoid, theoretically true
but practically difficult to use.12,14 This method was first de-
scribed by Saito but using 3-dimensional (3D) CT
reconstruction22; however, this may not always be transpos-
able to a 2D analysis. For example, this method may be used
if the concavity of the glenoid is deep, but not in the case of
a shallow glenoid fossa. In the latter case, each of the tu-
bercles is in a different plane (more medial) from the
subchondral bone of the glenoid fossa; therefore, it is impos-
sible to match all these landmarks in a single bidimensional
plane. Moreover, if the examiner defines the sagittal plane in
line with the scapular body, it induces subjectivity because the
scapular body is usually curved and rarely sits fully in a plane.25

Furthermore, in identifying the vertical axis according to
Kraus’ protocol in 2 recently published studies, the authors
obviously observed a variation of the vertical axis in their sub-
mitted figures: 1 passed through the middle of the base of
the coracoid process, and 1 was clearly located more
posteriorly.7,11 We were not able to use this method in a great
number of cases; thus, we decided to change this part of the
protocol as defined before. We used 2 ovals to define the ver-
tical axis in our protocol, and this was inspired by Sugaya’s
circle method used to assess glenoid bone loss in 3D CTs.24

The OsiriX software, with the use of the oval tool, allowed
us to mimic the circle method but in 2D reconstruction. We
were able to obtain 2 ovals (1 superior, 1 inferior) because
the oval tool allows the circle to be tangent with the outer
border of the glenoid. The software also automatically pro-
vides the center of this oval, thus avoiding subjectivity.
Connection of the 2 center points allowed the vertical axis
to be obtained in the sagittal plane. Nevertheless, our

Table I Intraobserver and interobserver agreements measured by the intraclass correlation coefficient, 2 by 2 with a 95% confidence
interval

Intraobserver agreement Interobserver agreement
Mean (range) Mean (range)

Axial plane Angle of the screws Inferior 0.81 (0.70-0.94) 0.58 (0.40-0.92)
Superior 0.78 (0.60-0.92) 0.62 (0.47-0.79)

Positioning of the CG At 25% 0.68 (0.16-0.90) 0.48 (0.08-0.79)
At 50% 0.65 (0.43-0.81) 0.47 (0.18-0.75)

Contact area between the CG and the glenoid at
the midsection between the screws

0.69 (0.31-1.0) 0.53 (0.21-0.87)

Sagittal plane Percentage of CG under the equator of the glenoid screws 0.69 (0.45-0.85) 0.42 (0.03-0.90)

CG, coracoid graft.
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protocol is certainly not flawless, as proven by the findings.
One explanation could be that choosing some of the points
and the orientation of the axis remains partially manual.

Bokor et al and Nyffeler et al reported great variations in
glenoid version measurements when changing the orienta-
tion of the scapula.4,20 Consequently, we also believe that it
is difficult to orient the scapula in a reproducible manner before
starting 2D measurements, and this was responsible for some
of our slight interobserver agreement results. Therefore, a
minor change in the definition of the vertical axis can lead
to a major variation of the CG position in the sagittal plane,
which consequently leads to major differences among all other
measurements in all planes. For example, if the vertical axis
is oriented anteriorly, the CG appears higher, whereas a pos-
terior orientation of the axis could suggest a low CG in the
same patient analysis (Fig. 4).

We could have chosen the 3D model described by Bryce
et al in which the plane of the scapula is defined by the most
distal point of the inferior scapular angle, the center of the
glenoid fossa, and the point at the vertebral border where the
scapular spine intersects the medial border of the scapula.5

However, besides its time-consuming aspect, in routine prac-
tice, most of the postoperative shoulder joint CT scans do not
include the medial aspect of the scapula. Furthermore, 3D
CT scan analysis could provide reliable data about graft fusion
rates or its volume measurements,10 but it does not allow per-
tinent data to be obtained concerning its position in the axial

or sagittal plane, for which 2D is preferred. Therefore, the
automated software able to define the scapular plane that is
already used in arthritic shoulders to evaluate glenoid retro-
version and inclination would certainly enable more accurate
measurements.26

Conclusion

The variability of ICC values observed, showing slight to
substantial agreement between 2 observers, should lead
to caution in interpreting results and analyzing CG posi-
tioning on 2D CT scans in any study. This discrepancy
is explained by the difficulty in orienting the scapula before
any other parameter is measured, especially in the glenoid
sagittal plane. A slight tilt of the scapula will induce sig-
nificant variability of results. Orientation of the scapula
by an automated system would certainly help decrease po-
tential measurement errors.
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Figure 4 (A and B) In this example, a minor change of 15° in the definition of the vertical axis can lead to a major variation in coracoid
graft position in the sagittal plane (55% to 72%) and consequently will significantly affect all other measurements in all planes. With this
minor change in the axial plane, for example, the coracoid graft could appear flush or proud. ADI anterieur droit inferieur (right anteroinferiorly);
AD, anterieur droit (right anteriorly); PGS, posterieur gauche superieur (left posterosuperiorly); PG,posterieur gauche (left posteriorly); DP,
droit posterieur (right posteriorly); GA, gauche anterieur (left anteriorly).
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