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Abstract

Objective A major factor that impacts the long-term outcome and complication rates of total shoulder arthroplasty is the
preoperative posterior glenoid bone loss quantified by glenoid retroversion. The purpose of this study was to assess if glenoid
retroversion varies significantly at different glenoid heights in Walch B2 and B3 glenoids.

Materials and methods Patients with B2 and B3 glenoid types were included following retrospective review of 386 consecutive
CT shoulder studies performed for arthroplasty preoperative planning. True axial CT reconstructions were created using a
validated technique. Two readers independently measured the glenoid retroversion angles according to the Friedman method
using the “intermediate” glenoid at three glenoid heights: 75% (upper), 50% (equator), and 25% (lower). The variances between
the three levels for a given patient were calculated.

Results Twenty-nine B2 and 8 B3 glenoid types were included. There was no significant difference in variance of glenoid version
among the three levels in B2 or B3 groups. The mean variance in retroversion degree between equator-lower, upper-equator, and
upper-lower glenoid was — 0.4, 0.3, and — 0.2 for B2; and — 0.2, 1.9, and 1.9 for B3 glenoid, respectively. The level of inter-reader
agreement was fair to good for variance at equator-lower, and good to excellent for upper-equator and upper-lower glenoid.
Conclusions Glenoid version can be accurately measured at any level between 25 and 75% of glenoid height for Walch B2 and
B3. We recommend that the glenoid equator be used as the reference to assure consistent and reliable version measurements in
this group of patients.
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shoulder arthroplasty (TSA) [1-3]. An improperly placed
glenoid component increases the risk of loosening and the like-
lihood of revision surgery [4—11]. The major factor that impacts
glenoid component placement is the degree of glenoid retrover-
sion, a result of mechanical wear along the posterior glenoid
typically seen in patients with primary glenohumeral osteoarthri-
tis [12—14]. Asymmetric posterior glenoid erosion is thought to
result from extended posterior subluxation of the humeral head,
although it is not entirely clear whether osteoarthritis is the cause
or the result of this abnormal positioning [15, 16].

In order to ensure long-term TSA survival, the glenoid im-
plant needs to be placed in neutral version to allow for adequate
seating within the glenoid bone [17]. To achieve this, surgeons
often need to ream the glenoid to the depth of maximum wear,
which is generally in the posterior direction but is not always
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consistent and symmetric. On the other hand, excessive
reaming of the glenoid results in a medialized glenoid implant
which can cause penetration of the implant fixation pegs or keel
through the glenoid vault [17]. Hence, the knowledge of the
location and depth of maximum glenoid bone erosion, especial-
ly when it is unevenly distributed as in Walch B2 and B3
glenoids, is critical for preoperative planning.

Imaging, in particular 2D and 3D CT, play an important role
in the pre-operative assessment of glenoid retroversion. While
the availability of 3D CT has increased over the years, 2D CT
remains the most common imaging available to assess the
glenoid in the pre-operative TSA patient. There are concerns that
2D CT imaging techniques are often not accurately representing
the location and degree of retroversion. For example, the most
commonly used method to measure retroversion on CT, the
Friedman technique [18], has the reader assess the degree of
retroversion on axial images four slices below the coracoid which
was thought to be at mid glenoid height when CT studies allowed
for slice thickness of 5—10 mm [18, 19]. With the new scanners
using sub-millimeter slices, the axial slices about the level of
coracoid are not at the mid glenoid height and in an average
40-mm glenoid, there can be ten slices that may appear appro-
priate for measurement based on the original Friedman descrip-
tion. Hence measurements at this level can miss the location of
maximum wear in more than 50% of cases [17-20]. Version
measurements are also highly dependent on scapular orientation
and rotation, patient positioning in the scanner, and orientation of
the imaging slices in relation to the scapular body [17, 19, 20].

In advanced cases of primary osteoarthritis, bone erosion
has been shown to be asymmetric towards the posteroinferior
aspect of the glenoid [17]. This uneven distribution of bone

erosion can potentially affect the retroversion measurements
depending on the height at which the glenoid version is mea-
sured. Walch et el. introduced a classification system, which
was recently modified, for the glenoid morphology in cases of
primary osteoarthritis based on the glenoid bone erosion pat-
tern and humeral head position [15, 21]. The modified Walch
classification is summarized in Fig. 1. Among the Walch
glenoid types, B2 and B3 are the ones characterized by pos-
terior glenoid erosion. The aim of this study was to assess if
the degree of retroversion varied along the different heights of
the glenoid in patients with advanced primary glenohumeral
osteoarthritis in Walch B2 and B3 glenoid morphology.

Materials and methods

This study was approved by the Institutional Review Board of
the Ethical Committee of our institution.

Patient collection

A total of 386 consecutive CT shoulder studies of patients with
a known history of glenohumeral osteoarthritis performed for
shoulder arthroplasty preoperative planning at our institution
between 2013 and 2016 were retrospectively reviewed. Two
musculoskeletal radiologists (M.S. and S.G.) independently se-
lected the patients who had primary osteoarthritis with either B2
or B3 glenoid types (Fig. 1). When there was a disagreement in
determining the glenoid types, the consensus decision with an
orthopedic surgeon specialized in shoulder surgery (M.V.) was
made to include or exclude patients. Walch classification is
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Fig. 1 Schematic representation of modified Walch classification [15,
21]: Al: centered humeral head with minor erosion; A2: centered
humeral head with major central glenoid erosion (a line drawn from the
anterior to posterior rims of the native glenoid transects the humeral head
in contrast to the Al glenoid); B1: posterior subluxated head with no
bony erosion; B2: posterior subluxated head with posterior erosion with
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biconcavity of the glenoid; B3: monoconcave and posteriorly worn
glenoid with at least 15° of retroversion or at least 70% posterior
humeral head subluxation, or both; C: dysplastic glenoid with at least
25° of retroversion; and D: any level of glenoid anteversion or with
humeral head subluxation of less than 40%
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based on primary glenohumeral osteoarthritis. Therefore, pa-
tients who had a history of prior shoulder trauma or surgery,
rotator cuff arthropathy with characteristic anterosuperior
glenoid bone loss owing to mechanical factors such as humeral
head anteroposterior instability resulting from massive cuff
tears [22], or inflammatory arthritis were excluded. Patients
with CT studies that did not include the entire scapular body,
a limitation for glenoid version measurement, were also exclud-
ed. The blinded image analysis and measurements were per-
formed 4 weeks after completion of the initial patient selection.

CT imaging technique

Each CT examination was performed on a 40-slice scanner
(Siemens Medical) with a protocol consisting of volumetric
0.625-mm acquisitions through the shoulder with the follow-
ing parameters: 120 kV, 280 mAs, pitch 0.53, and a smooth
algorithm. The appropriate field of view was selected to en-
sure that the entire scapular body, glenoid and humeral head

Fig. 2 Screenshots from the
imager workstation showing
multi-planar reformatting inter-
face and how the true axial im-
ages are made correcting for
scapular orientation in all three
planes on a B3 glenoid. a On the
axial slices at mid glenoid level
one of the reference axes was
aligned along the surface of the
glenoid face (green line). b In the
coronal plane, the second refer-
ence axis line was aligned to
connect the superior and inferior
aspects of the glenoid (green
line). ¢ In the sagittal plane the
final reference axis (blue line) was
lined up in the sagittal plane par-
allel to the orientation to the
scapular body where the “Y”
configuration of the scapula was
visualized. d 3D volume recon-
struction demonstrates the per-
pendicular true planes though
body of the scapula and glenoid

were included. The conventional axial images delivered from
the technician to the picture archiving and communication
system (PACS) then underwent manual segmentation,
multiplanar reformatting and 3D reconstruction.

Image analysis and measurements
Creation of true axial images

The conventional axial images were manually manipulated using
the imager workstation (Vitrea Enterprise 6.0 software, Vital
Images, Minnetonka, MN, USA) to achieve the true axial slices
taking into account the scapular rotation and axis according to a
the method described by Van de Bunt et al. [20]. Three 3D
orthogonal views were used to correct for coronal obliquity of
the scapula, medial and lateral scapular anteversion, and its
craniocaudal abduction/adduction (Fig. 2). The resultant true ax-
ial images were then exported to PACS for measurements.
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Glenoid version measurement

The CT studies were anonymized and evaluated independent-
ly by two musculoskeletal radiologists (with 8 and 2 years of
experience, respectively) blind to the patient’s clinical history
and prior imaging reports in a random fashion in two separate
sessions, separated by 4 weeks. Glenoid version was mea-
sured using the method described by Friedman et al. [18]
accepted as the current reference standard for measurement
of glenoid version (Fig. 3). A line (glenoid line) was drawn
from the anterior to the posterior margin of the bony glenoid,
and a second line (the scapular line) from the medial border of
the scapula through the measured midpoint of the glenoid line.
The angle between the glenoid line and a line perpendicular to
the scapular line corresponded to the glenoid version. We used
the “intermediate” glenoid line, drawn from the anterior edge
of the glenoid fossa to the posterior edge without considering
irregularities secondary to posterior erosion or osteophytes, as
it has been shown to be more accurate in determining the true
glenoid version in advanced osteoarthritis [23]. The interme-
diate line also simulates the surface that can be obtained with
minimal bone loss following conservative reaming of the
glenoid surface [24].

The glenoid heights were determined based on the descrip-
tion made by Kraus et al. [25]. On the sagittal image at the
glenoid surface, a craniocaudal axis was drawn between the
most superior aspect (superior tubercle) and the most inferior
aspect (inferior tubercle) of the glenoid (Fig. 4). This distance
was considered the glenoid height. The glenoid was then

Fig. 3 Glenoid version measurement according to method described by
Friedman et al. on a B2 glenoid [18]. The glenoid line (G) was drawn
from the anterior to the posterior margin of the bony glenoid, and the
scapular line (S) from the medial border of the scapula through the mea-
sured midpoint of the glenoid line. The angle between the glenoid line
and a line perpendicular to the scapular line (white solid line)
corresponded to the glenoid version. Notice the biconcave morphology
and posteriorly subluxated head. The retroversion was measured 16
degrees
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Fig. 4 Defining glenoid height according to method described by Kraus
et al. [25]. On the sagittal image at the glenoid surface, a craniocaudal axis
was drawn between the superior tubercle and the inferior tubercle of the
glenoid. This distance was considered the glenoid height (white solid
line). The glenoid was then divided into three segments based on this
height: Upper, 75% of height, equator, 50%, and lower, 25% of height

divided into three equal segments based on this height: upper,
75% of height, equator, 50%, and lower, 25% of height.
Measurements were made in the corresponding axial slices
at these three glenoid heights. Finally, the variances between
three levels for a given patient were calculated and analyzed.

Statistical analysis

An exact Mann—Whitney test was used to compare patients
with different glenoid types (B2 versus B3) in terms of the
difference in the glenoid version angles between different
levels of glenoid. The tests were conducted using the results
from each individual reader separately and using results aver-
aged over the readers. Inter-reader agreement was assessed for
each difference in terms of the concordance correlation (RC)
and the intra-class-correlation (ICC) for single measures. Tests
were two-sided and conducted at the 5% significance level
using SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Following initial review and excluding all other more obvious
glenoid types, we had 23 cases for which we had to do con-
sensus review to determine their glenoid type. There was total
of 54 B2 and B3 glenoid types following excluding other
types. Subsequently, thirteen patients were excluded due to
history of prior surgery or trauma and four were excluded
secondary to suboptimal CT coverage. There was final total
of 37 patients, 21 males and 16 females, with a mean age of
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74 years old (range, 71-101 years old) who met our inclusion
criteria. Their CT studies were comprised of 29 B2 and 8 B3
glenoid types. Overall there was no significant difference in
variance of glenoid version among the three levels in either B2
or B3 glenoid types (Table 1). The mean variance in retrover-
sion degree for both readers in B2 was — 0.4 between equator
and lower height, 0.3 between upper and equator, — 0.2 be-
tween upper and lower height, and for B3—0.2 between equa-
tor and lower height, 1.9 between upper and equator, and 1.9
between upper and lower height. The level of agreement be-
tween readers was fair to good for variance at equator-lower
height (concordance correlation: 0.58), and good to excellent
for upper-equator and upper-lower heights (concordance cor-
relation 0.71 and 0.81 respectively) (Table 2).

The mean glenoid retroversion on true axial images from
both reviewers for B2 glenoid was 15.7° for upper glenoid,
15.4° for the equator, and 15.9° for the lower glenoid, and for
the B3 glenoid was 20.0° for upper glenoid, 18.5° for the
equator, and 18.8° for the lower glenoid. The largest differ-
ence between retroversion for the B2 glenoid was seen be-
tween equator and lower glenoid (0.4 degree) and for the B3
glenoid between upper and equator glenoid (1.9 degree).

Discussion

We aimed to assess if the degree of retroversion varied along
the different heights of the glenoid in patients with advanced
primary glenohumeral osteoarthritis and Walch B2 and B3
glenoid morphology. Our study showed that the glenoid ver-
sion can be accurately measured at any level between 25 and
75% of the glenoid height for Walch B2 and B3 types.

We chose to focus on the B2 and B3 glenoid variants as
they are typically characterized by posterior glenoid erosion
with biconcave and monoconcave glenoid morphology re-
spectively, and are in most need of accurate imaging quantifi-
cation before treatment [15, 21, 26]. To the best of the authors’

knowledge, this is the first study which assessed the version at
multiple glenoid heights in these two glenoid types.

Our study findings contrast with some previous studies.
Hoenecke et al. evaluated the accuracy of glenoid version
measurement on 2D CT comparing to 3D CT and reported
an average of 5.1° error in the angle measurement between
2D CT slices passing through the tip of the coracoid and the
3D CT [17]. They repeated the measurement on the CT slices
10-mm below the level of coracoid which introduced an ad-
ditional mean variability of approximately 7° in version mea-
surements and concluded that 2D CT slices were not as accu-
rate for measurements of glenoid version. Rouleau et al. stud-
ied retroversion measurement in B2 glenoid at mid height of
the glenoid using Friedman technique and the intermediate
glenoid line and reported a mean retroversion angle of 25°
[23].

These inconsistencies in our results and these two studies
are mainly related to the differences in CT axial images used
for measurements and patient population. Hoenecke et al. per-
formed the measurements on the conventional axial CT slices
which had an average of 35° angle to the scapular body [17].
This resulted in axial slices which were oblique to the glenoid
clock face on the correlating sagittal image; the axial slice at
the center of the glenoid would in fact connect the 2 and 8
o’clock glenoid clock face instead of 3 and 9 [17] (Fig. 5).
This obliquity of axial slices was corrected in our study fol-
lowing three plane reconstruction using a previously validated
method [20] (Fig. 5). Similarly, Rouleau et al. performed their
assessment on conventional CT, which may have resulted in
different mean retroversion. In addition, both studies had a
heterogeneous patient population in that only part of their
patients had glenohumeral osteoarthritis and there was no spe-
cific information of severity of their osteoarthritis.

Our results support the finding that the maximum wear in
primary osteoarthritic glenoid occur most commonly in
posteroinferior quadrant (8 and 9 o’clock) [17]. In normal
individuals, the upper glenoid is more retroverted than the
lower glenoid (5-11° on average) [27-29]. Inui et al. using

Table 1 The mean, standard

deviation (SD), and median of the Difference Reader B2 (n=29) B3 (n=8) P value

variances in the glenoid version

angles between different levels of Mean SD Median Mean SD Median

glenoid B2 and B3 groups
Equator-lower 1 - 0.14 4.09 0.00 0.88 3.80 - 0.50 0.791
Equator-lower 2 - 0.66 439 - 1.00 - 125 7.01 0.50 0.518
Equator-lower Mean - 040 3.42 - 1.00 - 0.19 4.45 0.25 0.618
Upper-equator 1 1.00 3.34 0.00 2.63 4.47 2.50 0.337
Upper-equator 2 - 034 7.44 0.00 1.25 4.46 0.00 0.580
Upper-equator Mean 0.33 4.95 0.00 1.94 3.96 1.00 0.367
Upper-lower 1 0.48 5.23 0.00 2.50 5.83 4.00 0.460
Upper-lower 2 —-1.00 7.41 0.00 1.25 8.17 2.00 0.253
Upper-lower Mean -0.26 5.80 0.00 1.88 6.56 3.00 0.270
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Table 2 The concordance correlation (RC) and the intra-class-
correlation (ICC) as measures of inter-reader agreement
(reproducibility) for each difference

Difference Rc ICC
Equator-lower 0.58 0.57
Upper-equator 0.71 0.63
Upper-lower 0.81 0.68

3D MRI in 40 asymptomatic individuals, found the greatest
degree of retroversion in the highest level (6.2 £3.3°) and
anteversion in the lowest level (3.3 +4.1°) [29]. Bouchaib
et al. similarly using axial CT slices to evaluate glenoid ver-
sion in three glenoid heights reported decreasing retroversion
from the upper to the lower glenoid for all of their asymptom-
atic patients with the mean value for retroversion of 11.9, 6.8,
and 4.0° for the upper, middle and lower levels, respectively
[28]. Our study by showing no significant difference in the
degree of retroversion from upper to lower glenoid in B2 and
B3 glenoid types implies that the normal lower glenoid
anteversion is lost owing to further uneven posterior wear of
the lower glenoid.

Fig. 5 A 74-year-old man with
right shoulder osteoarthritis with
biconcave B2 glenoid.
Comparing the conventional axial
and true axial slices following
three planar manipulations and
their orientation at the mid
glenoid equator. a, b The con-
ventional axial axis passes
through 2 to 8 o’ clock of glenoid
on corresponding sagittal image.
¢, d Following manipulation, the
true axial axis passes through 3
and 9 o’ clock

@ Springer

The clinical implications of this study relate to the current
body of literature that aims to restore glenoid version via de-
fining more reproducible methods to assess glenoid retrover-
sion and bone loss. Studies have indicated that 10° retrover-
sion can be significant and should be corrected [14]. The av-
erage retroversion for both B2 and B3 glenoid in our study
was above the threshold indicating surgical correction, a chal-
lenge during TSA because of reduced of glenoid bone stock
and increase risk of bone perforation following excessive
glenoid medialization [30]. Surgical approaches including
“lowering the front”, anterior glenoid edge reaming, or
“raising the back”, posterior bone grafting, can be chosen
based on the scale of retroversion and bone loss [31-34].
Additionally, there is association between glenoid retroversion
and humeral head subluxation [14], which if not corrected
during TSA, can potentially cause abnormal stress across the
prosthesis [17]. Hence, accurate knowledge of severity of
glenoid bone loss is fundamental for preoperative planning.

We acknowledge that more advanced 3D reconstruction has
been defined as the reference method to evaluate glenoid retro-
version [19, 33, 35, 36]. The 3D models have provided valuable
understanding of the scapular morphology in normal and arthritic
glenoids and are becoming more popular for the preoperative
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planning [7]. Nevertheless, the result of our study is also appli-
cable to 3D models since the glenoid version can also be mea-
sured in different glenoid heights on 3D model. Furthermore, 3D
models are not without limitations. There is still need for a pre-
liminary manual process to determine the references points and
scapular and glenoid planes and to perform segmentation of the
scapula to define the coordinate system and position of the scap-
ula. This process can be time consuming and since it is dependent
on the operator’s experience, it is still subject to inter-observer
variability [20, 35, 36]. Automated 3D measurement of the
glenoid version has been recently introduced [35] although it is
still not widely validated, and the reliability of the reference
planes defined with the automated method has been questioned
[37, 38]. Finally, whether 3D models can translate into better
clinical outcomes still needs to be proven.

Limitations

This study has several limitations including the retrospective
nature of the study and small sample. We did not exhaustively
explore the variabilities in the measurement process such as var-
iability in slice selection or selection of reference points between
the reviewers. These variabilities in addition to the fact that our
study subjects were in advanced stages of glenohumeral osteoar-
thritis with severe bony erosions, osteophytes and labral calcifi-
cation which make identification of landmarks challenging, may
have contributed to the differences in angle measurements be-
tween the two readers. Studies with healthy participants have
shown higher inter-reader correlation compared with studies with
more advanced arthritic joints, as seen in the Scalise et al. [39, 40]
and Kwon et al. [36] results. Nonetheless, the outcome of no
substantial difference in glenoid retroversion in different glenoid
heights was consistent between readers.

Conclusions

This study showed that glenoid version can be accurately
measured at any level between 25 and 75% of the glenoid
height for Walch B2 and B3 types on true axial CT images.
We recommend that the glenoid equator be used as the refer-
ence in order to assure consistent and reliable version mea-
surements in this group of patients.
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