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Hypothesis: The contralateral scapula can be used as a reliable template to determine scapular offset,
glenoid inclination, and version of the native scapula in view of reconstructing pathologic scapulae.
Methods: Three-dimensional measurements of scapular offset, inclination, and version were performed
using data from a set of 50 bilateral computed tomography scans of full scapulae to determine direct side-
to-side differences.
Results: The scapula pairs had a mean bilateral difference of 2 mm in offset, 2° in inclination, and 2° in
version. Ninety percent of the scapula pairs showed an offset difference smaller than 3 mm. In 96% and
94% of the scapula pairs, the inclination difference and version difference, respectively, were smaller than
5°. The maximum bilateral difference for offset, inclination, and version was 6 mm, 6°, and 8°, respectively.
Discussion and Conclusion: The anatomic parameters of scapular offset, glenoid inclination, and version
are quite symmetrical and fall into the currently technically feasible accuracy of shoulder arthroplasty im-
plantation. The healthy scapula can be used as a template to guide the reconstruction of the glenoid during
shoulder arthroplasty planning in the case of unilateral advanced arthropathy.
Level of evidence: Anatomy Study; Imaging
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Glenohumeral arthropathy can be characterized by scap-
ular bone loss leading to a distorted scapular morphology.25,32

With the help of modern planning and guiding techniques,
surgeons can reconstruct scapular morphologic parameters such
as version and inclination with an accuracy of a few degrees
during shoulder arthroplasty.8,26 Optimal reconstruction of the
native joint anatomy in terms of glenoid version and incli-
nation in the case of total shoulder arthroplasty (TSA) has
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been reported to affect glenoid component survival and
functional outcome.9,13,15,19,24,33 However, as scapular mor-
phology parameters have a wide range of normal values,5 the
native scapular anatomy should be known when planning and
performing a TSA, which can be challenging, given the pres-
ence of substantial scapular bone loss. To overcome this, it
has been suggested to use the contralateral scapula as a more
“patient-specific” template.2,18

In this light, previous research has tried to investigate the
intraindividual correlation of anatomic parameters of glenoid
morphology such as version and inclination. Most of this re-
search only reported means and no direct side-to-side
differences, therefore limiting its potential for further clini-
cal use. Furthermore, the reported values were determined
with the help of standard radiographic or single-slice,
2-dimensional (2D) computed tomography (CT) scan
measurements.2,6,18,21,31,34 These techniques have poor relia-
bility as a result of variations in the gantry angle at the time
of CT or plain-film acquisition.3,7,17,22,23,27,29 In contrast, 2D mea-
surements in which the 2D images are first corrected to the
plane of the scapula by 3-dimensional (3D) reconstruction
have shown lower variability.4,7,16,20 Nevertheless, with this
method, we still have to choose a certain 2D slice for mea-
surements. This inevitably results in intraobserver and
interobserver variability and high labor intensity, further lim-
iting its clinical application potential.1,4,10 More automated 3D
measurements can overcome these problems.12

The goal of this study was to determine, with the help of
direct 3D measurements, whether the contralateral scapula
can be used as a reliable template to determine scapular offset,
glenoid inclination, and version of the native scapula in view
of reconstructing pathologic scapulae. Our hypothesis was that
the anatomic parameters of glenoid inclination and version
and scapular offset would be symmetrical.

Materials and methods

Data

This is a prospective diagnostic study. We obtained 66 bilateral CT
scans of the entire scapula from patients without glenohumeral ar-
thropathy presenting to our outpatient clinic. The CT scan
(BrightSpeed; GE Healthcare, Diegem, Belgium) parameters were
as follows: 512 × 512 matrix, 50-cm field of view, and slice spacing
of 1.25 mm. The CT scan images were reviewed by the first author
for any signs of bone lesions (osteophytes, joint space narrowing,
subchondral sclerosis, or cysts). If any bony lesion was present, the
CT scan data were excluded. We finally included data from 50 bi-
lateral CT scans of full scapulae.

Measurements

Inclination, version, and scapular offset were computed for all scap-
ulae. To do so, the anonymized Digital Imaging and Communications
in Medicine images were segmented using medical imaging

software (Mimics; Materialise, Leuven, Belgium) and converted to
3D scapula models. Next, the 3D scapula models were uploaded
in a custom-made software application, developed in Python 3.5
(Python Software Foundation, Wilmington, DE, USA), for easily
indicating the required landmarks. First, the trigonum spinae and
angulus inferior were indicated in accordance with International
Society of Biomechanics recommendations.35 Next, the glenoid rim
was identified by indicating a minimum of 10 points along the rim.
To compute the glenoid plane and center point, a basis spline—a
smooth curve—was fitted through the indicated rim points and au-
tomatically resampled to equally distributed points with a uniform
distance of ±3 mm between them (Fig. 1). The glenoid center point
was defined as the mean point of the resampled rim points, whereas
the glenoid plane was defined as the least-square best-fit plane. Fur-
thermore, the scapular plane was formed by the glenoid center point,
trigonum spinae, and angulus inferior.20 The plane through the glenoid
center point and trigonum spinae and going perpendicular to the scap-
ular plane represented the axial plane. The axis between the glenoid
center point and trigonum spinae point is called the “centerline.”
To assess inclination and version, the glenoid plane normal was pro-
jected to the scapular plane and axial plane. Then, the angle between
the projected glenoid plane normal and the centerline was mea-
sured in both planes to obtain glenoid inclination and version,
respectively (Figs. 2 and 3). Last, scapular offset was computed as
the distance between the glenoid center point and trigonum spinae.
To assess repeatability and reliability, all landmark indications and
corresponding measurements were repeated twice by 2 individual
surgeons (1 orthopedic fellow and 1 senior resident). This resulted
in 4 sets of inclination, version, and offset values for each scapula.

Figure 1 Three-dimensional view indicating the different planes
and anatomic landmarks. The scapular plane (blue) is the plane
through the trigonum spinae (upper left red dot), angulus inferior
(lower red dot), and glenoid center point (upper right red dot). The
axial plane (green) is the plane parallel to the trigonum spinae–
glenoid center point axis and perpendicular to the scapular plane.
The glenoid center point is the mean of uniformly distributed points
along the rim, whereas the glenoid plane (red) is defined as the best-
fitting plane through these rim points. (For interpretation of the
references to color in this figure legend, the reader is referred to the
web version of this article.)
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Bilateral comparison

Inclination, version, and offset were compared within each scapula
pair using the mean of the 4 operator measurements. To assess
bilateral variation, these mean measurements were compared between
the left and right scapulae, and the differences were reported for each
scapula pair. We determined how many scapula pairs had a side-
to-side difference smaller than 5° for both inclination and version.
We used this cutoff value based on the previously reported accu-
racy of implantation of glenoid components with patient-specific
guides.8,11,14

Surgeon variability

To determine the precision and variability of our method, inter-
rater variability and intrarater variability were computed for each
scapula. Inter-rater variability was expressed as the difference in the
overall mean measurement of a scapula compared with the mean
measurement of 1 operator. The mean measurement of an operator
was defined as the mean of both of his observations. In addition,
intrarater variability was expressed as the mean difference between

1 single operator’s measurement and the mean measurement of that
operator. Furthermore, the intraclass correlation coefficient was com-
puted as a measure of between-subject variation as a proportion of
total variation.30

Results

The resulting mean offset, inclination, and version values of
all 100 scapulae were 105 ± 8 mm, −11° ± 4°, and −7° ± 4°,
respectively. The global offset, inclination, and version values
were within a range of 88 to 125 mm, −21° to −1°, and −17°
to 3°, respectively (Fig. 4). The scapula pairs had a mean bi-
lateral difference of 2 mm in offset, 2° in inclination, and 2°
in version. Ninety percent of the scapula pairs showed an offset
difference smaller than 3 mm (Fig. 5). In 96% and 94% of
the scapula pairs, the inclination difference and version dif-
ference, respectively, were smaller than 5°. The maximum
bilateral difference for offset, inclination, and version was
6 mm, 6°, and 8°, respectively. The 4 sets of measurements
resulted in a mean interoperator variability error of 0.25 mm,
0.23°, and 0.32° and a mean intraoperator variability of
0.27 mm, 0.26°, and 0.23° for offset, inclination, and version,
respectively. The intraclass correlation coefficients were 0.995,
0.986, and 0.980 for offset, inclination, and version mea-
surements, respectively (Fig. 6).

Discussion

Our results showed that the contralateral side can predict the
glenoid version and inclination adequately for 94% and 96%
of patients, respectively. Furthermore, the maximum between-
side difference is smaller than the reported maximum error
of current implantation techniques.8,11,14 Therefore, we believe
that we can confirm our main hypothesis that the anatomic
parameters of glenoid inclination and version are quite sym-
metrical and fall into the currently technically feasible accuracy
of shoulder arthroplasty implantation. Iannotti and colleagues10

developed a method to predict the native glenoid anatomy from
the pathologic scapula, but they were only able to predict native
glenoid version in a 5° range for 58% of their patients. Other
methods such as linear regression analysis of the Resch angle
and anterior glenoid wall angle showed even less reliable
results.10 Preoperative CT scanning of the scapula for plan-
ning of a TSA is increasingly used and will probably become
standard practice for a glenoid with advanced erosion. Data
for the contralateral side are readily available after CT scan-
ning without increasing x-ray radiation exposure. Our
technique is easy applicable during 3D planning and is highly
reliable in terms of interobserver and intraobserver reliabil-
ity. We believe that the healthy scapula can be used as a
template to guide the reconstruction of glenoid version and
inclination during shoulder arthroplasty planning in the case
of unilateral advanced arthropathy.

Our findings suggest that scapular offset is indeed also a
quite symmetrical parameter, with a between-side difference

Figure 2 Version is computed as the angle between the centerline
(blue line) and the glenoid plane normal projected to the axial plane
(red line). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Figure 3 Inclination is computed as the angle between the
centerline axis (green line) and the glenoid plane normal projected
to the scapular plane (red line). (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web
version of this article.)
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of 3 mm or less in 90% of patients and 5 mm or less in 98%
of patients. As there is no currently available literature about
the limits of glenoid component medialization, further re-
search should be undertaken to determine objective guidelines
regarding the amount of medialization that can be tolerated
for shoulder arthroplasty survival and functional outcome.

Our study has some limitations. We used a methodology
that relies largely on manual identification of bony land-
marks on 3D segmentations, which can affect the results.
Segmenting bones from CT scan images has been shown to
be a highly reliable technique with a root mean square error
of 0.55 mm.28 In our study, there was no statistical differ-
ence between the interoperator and intraoperator error for
inclination and offset measurements. This finding indicates
that measurements from different operators are equally as good
as several measurements from a single operator. Only for

version was there a clear difference between interoperator and
intraoperator variability. The maximum version interoperator
error was only 1.23°, which was extremely small and below
the clinically relevant threshold. We believe this is due to both
operators using a different standard when indicating the land-
marks off the glenoid rim. Despite the fact that our method
shows good interobserver and intraobserver reliability, further
research is necessary to validate our methodology to define
the glenoid plane and center point and to develop more au-
tomated software tools to further decrease the existing
variability. All CT scans were obtained from patients with soft
tissue problems of the shoulder and were verified for the pres-
ence of any bone lesions by an experienced shoulder surgeon
(F.V.). Despite this, we cannot exclude that these soft tissue
problems might have been associated with small unnoticed
changes in the osseous morphology of the included scapulae.

Figure 4 Violin plots showing the offset, inclination, and version distribution of the 100 scapulae. The 0.25, 0.5, and 0.75 quartile values
are shown by dashed lines.

Figure 5 Histogram showing the bilateral difference between the left and right scapulae for the 50 scapula pairs.
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Conclusion

This research showed that the contralateral side can guide
a surgeon during preoperative planning for the reconstruc-
tion of a highly eroded glenoid. Further research should
be undertaken to investigate the effect of reconstructing
or changing the native anatomy of the scapula in terms
of offset, glenoid version, and inclination on shoulder ar-
throplasty function and survival.
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