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Background: The Walch type B pattern of glenohumeral osteoarthritis is characterized by posterior
humeral head subluxation (PHHS). At present, it is unknown whether the percentage of subluxation
measured on axillary radiographs is consistent with measurements on 2-dimensional (2D) axial or 3-
dimensional (3D) volumetric computed tomography (CT). The purpose of this study was to evaluate
PHHS across imaging modalities (radiographs, 2D CT, and 3D CT).
Methods: A cohort of 30 patients with Walch type B shoulders underwent radiography and standardized
CT scans. The cohort comprised 10 type B1, 10 type B2, and 10 type B3 glenoids. PHHS was measured
using the scapulohumeral subluxation method on axillary radiographs and 2D CT. On 3D CT, PHHS was
measured volumetrically. PHHS was statistically compared between imaging modalities, with P � .05
considered significant.
Results: The mean PHHS value for the entire group was 69% ± 24% on radiographs, 65% ± 23% with 2D
CT, and 74% ± 24% with 3D volumetric CT. PHHS as measured on complete axillary radiographs was not
significantly different than that measured on 2D CT (P ¼ .941). Additionally, PHHS on 3D volumetric CT
was 9.5% greater than that on 2D CT (P < .001). There were no significant differences in PHHS between
the type B1, B2, and B3 groups with 2D or 3D CT measurement techniques (P > .102).
Conclusion: Significant differences in PHHS were found between measurement techniques (P < .035). A
9.5% difference in PHHS between 2D and 3D CT can be mostly accounted for by the linear (2D) vs.
volumetric (3D) measurement techniques (a linear 80% PHHS value is mathematically equivalent to a
volumetric PHHS value of 89.6%). Surgeons should be aware that subluxation values and therefore
thresholds vary across different imaging modalities and measurement techniques.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Glenoid deformity in shoulder osteoarthritis (OA) is commonly
described by theWalch classification.24 TheWalch type B pattern is
characterized by posterior humeral head subluxation (PHHS) and is
correlated with worse clinical outcomes after total shoulder
arthroplasty (TSA).3,10,12 The type B pattern of OA is believed to
begin with PHHS (B1) and progresses to posteroinferior glenoid
bone loss, resulting in a biconcave (B2) deformity that may further
erode into a mono-concave and severely retroverted (B3) glenoid.5
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PHHS is a risk factor for failure of glenoid polyethylene com-
ponents due to eccentric loading, which can lead to loosening over
time.3,6,10,12,20,21 In their series of patients with type B2 glenoids
treated with TSA, Walch et al25 demonstrated that 60% of post-
operative dislocations occurred when PHHS was �80%. As such,
they suggested a PHHS threshold value of 80% for anatomic TSA,
and when values surpassed the 80% threshold, they recommended
reverse shoulder arthroplasty (RSA).17 The etiology of PHHS is un-
known at present and is likely multifactorial. One factor that has
been identified is that type B glenoids have greater premorbid
retroversion that may predispose patients to subluxation.14

Another identified association with subluxation is that patients
with type B glenoids have more horizontal acromions. It is theo-
rized that a more vertical acromion provides a restraint to PHHS;
therefore, the more horizontal acromion found in type B glenoids
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Figure 1 Scapulohumeral subluxation method for calculating posterior humeral head
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allows for greater posterior subluxation.16 However, PHHS can also
be present in patients with physiological humeral version and
glenoid version, suggesting that there may be other contributing
factors.1,9

The literature has shown that 2-dimensional (2D) computed
tomography (CT) is more accurate than radiographs at evaluating
PHHS.15 Recently, 3-dimensional (3D) CT has gained increased
popularity given its increased precision over 2D CT, its ease of
interpretation, and the ability to preoperatively plan cases using
commercially available templating software.22,26 At present, there
is limited literature comparing percentage values of PHHS between
imaging modalities, such as radiographs, 2D CT, and 3D CT. An
understanding of the relationships between the imagingmodalities
and PHHS is important as it will allow comparisons of the present
literature with the historical literature using radiographic mea-
surements. As such, the purpose of this study was to compare PHHS
percentages calculated from axillary radiographs, 2D CT, and 3D CT
in patients with Walch type B glenoids. Our hypothesis was that
therewould be statistically significant differences in PHHS between
radiographic, 2D CT, and 3D CT measurements.
subluxation. A best-fit circle is drawn on the humeral head, followed by a perpen-
dicular tangent to the Friedman line at the location of maximal humeral head width;
the percentage of posterior humeral head subluxation is obtained by dividing distance
A by distance B.
Materials and methods

Patient demographic characteristics and selection

We conducted a retrospective review of prospective patients
who underwent either TSA or RSA between 2018 and 2019 for
primary glenohumeral OA. Revision procedures were excluded. Per
our institutional protocol, all shoulder arthroplasty patients un-
derwent shoulder CT scanning prior to surgery. The 30-patient
study group consisted of 10 type B1, 10 type B2, and 10 type B3
patients. Patients were subclassified into B types by the senior
author (G.S.A.). Patients with Walch type A, C, and D glenoid de-
formities were excluded.

Radiographic assessment included preoperative axillary radi-
ography, axial CT, and 3D CT modalities. Two fellowship-trained
shoulder surgeons (B.A.M. and N.A.) independently measured the
percentages of PHHS on the axillary radiographs and axial 2D CT
scans for each patient. Measurements were obtained using the
scapulohumeral subluxation method (Fig. 1).4 In cases in which the
medial scapular border was incompletely visualized on the radio-
graphs, a best-estimate Friedman line was drawn.8 For the 2D CT
measurements, the axial slice immediately inferior to the tip of the
coracoid, which corresponds to the approximate middle of the
glenoid, was used to determine PHHS by a standardized method.17

In brief, this consisted of drawing a best-fit circle on the humeral
head and calculating the percentage of the humeral head posterior
to the scapular axis line at the widest portion of the circle. PHHS on
3D CT was measured volumetrically and calculated automatically
using surgical templating software (Blueprint; Wright, Memphis,
TN, USA).
Statistical analysis

The mean subluxation percentage values obtained from the
different imaging modalities were compared using the paired-
samples t test. To determine if there was a difference in PHHS be-
tween the different imaging modalities, we compared PHHS values
between axillary radiographs and 2D CT scans, between axillary
radiographs and 3D CT scans, and between 2D CTand 3D CT scans. P
� .05 was considered statistically significant. Reliability between
raters’ single measures was determined using the intraclass cor-
relation coefficient (ICC) and a 2-waymixed-effects model with the
confidence interval set at 95%, in which person effects are random
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and measure effects are mixed. Statistical analyses were performed
with SPSS Statistics (version 23.0; IBM, Armonk, NY, USA).

Results

Study group

The study group consisted of a total of 30 patients (30 shoul-
ders), with 10 type B1, 10 type B2, and 10 type B3 patients. Seventy-
three percent of patients were men, and the average age of the
patient cohort was 68 years (range, 49-90 years). There were no
significant differences in sex or age between the Walch B subtypes
(P > .104).

Radiographic subluxation

Assessment of the quality of axillary radiographs showed that 12
of 30 (40%) included the medial scapular border within the field of
view whereas 18 of 30 (60%) excluded the medial border. The
average radiographic PHHS value in all 30 patients was 69% (range,
45%-92%). The mean radiographic PHHS value was 62% in the type
B1 group, 73% in the type B2 group, and 72% in the in the type B3
group. A comparison of the radiographic PHHS values between the
Walch subtypes found that the type B2 group had significantly
more subluxation than the type B1 group (P¼ .005); however, there
were no significant differences between the type B1 and B3 groups
or between the type B2 and B3 groups (P > .067). The measurement
of axillary radiographic PHHS demonstrated good reliability for
single measures between raters (ICC, 0.79).
Subluxation on 2D CT

PHHS averaged 65% (range, 52%-88%) on the 2D CT scans using
the scapulohumeral subluxation method. The mean 2D CT PHHS
value was 61% in the type B1 group, 67% in the type B2 group, and
66% in the type B3 group. A comparison between the Walch types
identified that there was no significant difference in PHHS between
the type B1, B2, and B3 groups (P> .102). Themeasurement of 2D CT



Figure 2 Formula for calculating 3-dimensional volumetric posterior humeral head
subluxation; a is the scapular axis line, h is the distance between the scapular axis line
and the most posterior portion of the humeral head, and r is the radius.
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PHHS demonstrated excellent reliability for single measures be-
tween raters (ICC, 0.94).

Subluxation on 3D CT

The average PHHS value on the 3D CT scans using the volumetric
calculation method in the templating software was 74% (range,
59%-99%). The mean 3D CT PHHS value was 70% in the type B1
group, 76% in the type B2 group, and 78% in the type B3 group.
There were no significant differences in subluxation between the
different B types (P > .199). The ICC of the computer software sys-
tem was excellent, at 1.0.

Statistical correlations

The percentage of PHHS measured from the complete set of 30
axillary radiographs was a mean of 4% more than that calculated
from the 2D axial CT scans (P ¼ .035) and 6% less than that calcu-
lated by the 3D CT volumetric method (P ¼ .011). However, when
axillary radiographs that had incomplete visualization of the
medial scapular border were excluded from the analysis, there was
no significant difference in PHHS as compared with the 2D axial CT
scans (P¼ .941). When the linear 2D axial CT measurement of PHHS
was compared with the 3D CT volumetric measurement, the 3D CT
percentage value was 9.5% greater (P < .001).

Discussion

This study showed several major findings, including that PHHS
determined by 3D CT volumetric measurement is significantly
greater than that measured on axillary radiographs and 2D CT
scans, that the majority of axillary radiographs exclude the medial
scapular border, and that there is no significant difference in PHHS
when complete axillary radiographs (medial scapular border
included) are comparedwith 2D CT scans. These findings supported
our hypothesis that there would be a statistically significant dif-
ference in PHHS between 2D CT and 3D CT scans and between ra-
diographs and 3D CT scans but refuted our hypothesis that there
would be a statistically significant difference in PHHS between
radiographs and 2D CT scans.

A threshold value of 80% for PHHS has traditionally been used as
a relative indication to perform an RSA instead of a TSA in patients
with glenohumeral OA. Walch et al25 reviewed 92 anatomic TSAs at
a mean follow-up of 77 months and demonstrated that a PHHS
value � 80% was associated with an increased risk of dislocation
and glenoid component loosening. This value was obtained using
2D CTmeasurements. PHHS on 2D CT is commonly measured using
the technique defined by Badet et al1 and Walch et al24 that in-
volves calculating the percentage of humeral head offset from the
glenoid axis line relative to the maximal humeral head width on
the midglenoid axial slice.1,24 This technique has since been
improved on to account for glenoid erosion by using the scapular
axis line instead of the glenoid axis and drawing a best-fit circle on
the humeral head instead of using its width.4,18 In contrast, PHHS
on 3D CT is often automatically measured using 3D templating
software. Recent literature has shown that 3D CT imaging is more
accurate and reliable than 2D CT for measuring glenohumeral
parameters.2,7,11,19,22,23 Many surgeons currently rely on preopera-
tive 3D templating software to generate measurements of glenoid
version, inclination, and subluxation, and they use these values to
help guide surgical treatment. However, it is important for sur-
geons to be aware that these values vary within and across the
different imaging modalities.4,13 Jacxsens et al13 compared 2D and
3D CT-based PHHS values in 151 normal shoulders and showed that
2D CT underestimated PHHS by 2.9% compared with 3D CT. They
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postulated that this occurred because of a difference in the plane of
measurement between the 2 modalities. Our findings support the
fact that PHHS is greater using 3D CT for measurement compared
with 2D CT, with a mean 9.5% difference. The following formula is
used to calculate 3D volumetric PHHS (in which r is radius, h is
height, and d is diameter) (Fig. 2):

3D PHHS¼ Volume of subluxated portion
Volume of humeral head

¼ �
ph2ð3r�hÞ��3

Volume of subluxated portion¼ ph2ð3r � hÞ
3

Volume of humeral head¼ 4pr3

3

According to this mathematical equation, a 2D linear PHHS value of
80% is equal to a 3D volumetric subluxation value of 89.6%.
Therefore, although scapular orientation may play a minor role in
the 2D and 3D differences, the mean 9.5% difference in PHHS be-
tween 2D and 3Dmeasurements that we observed in our study can
almost entirely be explained by the fact that one is a linear mea-
surement whereas the other is a volumetric measurement.
Furthermore, when one is deciding whether to perform an RSA
instead of a TSA in a patient with glenohumeral OA, a threshold of
89.6%, rounded to 90%, should be considered instead of 80% when
using 3D volumetric measurement. Additionally, historical studies
with axillary and 2D CT measurements of PHHS are still applicable
with 3D planning as long as a correction factor of 10% is used.

Our study has several limitations. First, the study was under-
powered to demonstrate any statistically significant differences
between Walch B subtypes. The purpose of this study was to
determine whether there were differences in PHHS between the
different imaging techniques, rather than between B subtypes.
Second, the volumetric measurement technique used the Blueprint
templating software program, and a comparison to other
commercially available products was not performed. It is conceiv-
able that other volumetric software programs may result in
different values; however, the volumetric equation is a mathe-
matical formula and has limited variability. In general, if variability
in volumetric subluxation does occur, it will more likely be related
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to the sphere fitting of the humeral head or the automated diam-
eter selection. Third, we did not exclude patients with axillary ra-
diographs that failed to adequately visualize the medial scapular
border. Instead, we used a best-estimate Friedman line to measure
scapulohumeral subluxation. As a result, inaccuracies in the
reporting of percentage subluxation obtained from this imaging
modality may be present. However, we purposely chose to include
these patients to highlight the fact that, despite using a standard-
ized imaging technique, there exist significant inconsistencies in
the quality of axillary radiographs. Overall, obtaining a complete
axillary radiographwith visualization of themedial scapular border
is technically difficult. Our results show, however, that if a best-
estimate Friedman line is used on an incomplete axillary radio-
graph, the PHHS value is slightly overestimated. Additionally, a
good axillary radiograph with inclusion of the medial scapular
border produces a PHHS value that is not substantially different
than that on 2D CT.

Conclusion

Significant differences in PHHS were found between measure-
ment techniques (P < .035). We also determined that obtaining a
complete axillary radiograph with visualization of the medial
scapular border is technically challenging. On axillary radiographs
with visualization of the medial scapular border, PHHS was not
substantially different than that on 2D CT. Additionally, a significant
difference in PHHS was identified between the 2D and 3D CT
measurement techniques. This mean difference of 9.5% in PHHS can
be partially accounted for by the linear (2D) vs. volumetric (3D)
measurement techniques. For example, a linear (2D) PHHS value of
80% is mathematically equivalent to a volumetric (3D) PHHS value
of 89.6%. As such, when translating 2D threshold values to 3D
volumetric values, a correction factor of approximately 10% should
be used. Overall, it is important for surgeons to be aware that
subluxation values and thresholds vary across the different imaging
modalities.
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