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Background: Lateralization and distalization in reverse shoulder arthroplasty (RSA) can be measured on anteroposterior (AP) radio-
graphs using 2 previously described angles: lateralization shoulder angle (LSA) and distalization shoulder angle (DSA). However,
these 2 angles measure global lateralization and distalization but do not allow to differentiate how much lateralization or distalization
are attributable to the glenoid and the humerus. We hypothesized that new angles could allow us to separately measure glenoid vs. hu-
meral lateralization and distalization. A more precise understanding of independent glenoid and humeral contributions to lateralization
and distalization may be beneficial in subsequent clinical research.

Method: Retrospective analysis of postoperative AP radiographs of 100 patients who underwent primary RSA for cuff-tear arthropathy,
massive cuff tear, or glenohumeral osteoarthritis were analyzed. The new angles that we proposed use well-known bony landmarks (the
acromion, glenoid, and humerus) and the most lateral point of the glenosphere, which we termed the “glenoid pivot point” (GPP). For
lateralization, we used the GPP to split LSA into 2 new angles: glenoid lateralization angle (GLA) and humeral lateralization angle
(HLA). For distalization, we introduced the modified distalization shoulder angle (mDSA) that can also be split into 2 new angles: gle-
noid distalization angle (GDA) and humeral distalization angle (HDA). Three orthopedic surgeons measured the new angles, using the
online tool Tyche. Mean values with overall and individual standard deviations as well as intraclass correlation coefficients (ICCs) were
calculated.

Results: Because the angles form a triangle, the following equations can be made: LSA = GLA + HLA, and mDSA = GDA + HDA.
All angles showed excellent inter- and intraobserver reliability (ICC = 0.92-0.97) with low means of individual standard deviations that
indicate a precision of 2° for each angle.

Conclusion: Use of the most lateral part of the glenosphere (termed glenoid pivot point) allows us to separately measure glenoid vs.
humeral lateralization and distalization. The 4 new angles (HLA, GLA, GDA, HDA) described in the present study can be used on
true AP radiographs, routinely obtained after shoulder replacement, and the measured angles may be used with all types of reverse pros-
theses available.
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Reverse shoulder arthroplasty (RSA) can be considered
the standard of care for end-stage cuff tear arthropathy,
failed anatomic arthroplasty, and severe fractures or frac-
ture sequelae.’”"*

The Grammont Concept is aimed at distalizing and
medializing the center of rotation in RSA.? However, this
concept has been challenged, and researchers have tried to
find the best alignment strategy to optimize impingement-
free range of motion and stability.”® Evidence can be
found in the literature that favors glenoid
lateralization, "7

To capture lateralization and distalization after RSA on
anteroposterior (AP) radiographs, Boutsiadis and Barth®
introduced 2 angles: the lateralization shoulder angle
(LSA) and the distalization shoulder angle (DSA)
(Fig. 1). However, these 2 angles do not allow to differ-
entiate how much lateralization or distalization are
attributable to the glenoid and the humerus, and their
clinical significance is still debated.”'®** It was shown
that for a given implant configuration, there was a nega-
tive correlation between the 2 angles: lower values for
LSA resulted in higher values for DSA. Furthermore, the
authors showed that the 2 angles had an influence on the
range of motion with a positive correlation between active
forward elevation (AFE) and DSA (possibly because of
increased tension of the deltoid) and active external
rotation (AER) and LSA.®

Lateralization and distalization after RSA are very
variable and depend on the implant design and the sur-
gical technique, which both affect the implant posi-
tioning. Both the glenoid (G) and the humeral (H)
components can be either medialized or lateralized.”®”
Surgeons can choose between 4 possible combinations:
(1) medialized G + medialized H, (2) lateralized
G + medialized H, (3) lateralized G + lateralized H, and
(4) medialized G + lateralized H. These different com-
binations can possibly be impactful on the clinical
outcome, 20?134 However, the ideal amount of dis-
talization and/or lateralization after RSA is still unknown,
and the localization of such distalization and/or laterali-
zation (humerus vs. glenoid) remains a controversial
topic."”

Our purpose was to study whether new angles could
be reliably used on postoperative radiographs to sepa-
rately measure how much lateralization and distalization
are attributable to the glenoid and the humerus after
RSA.

Material and methods

Study design

We performed a retrospective radiographic analysis including 100
consecutive RSAs performed between January 2022 and January
2023 by the senior surgeon (P.B.). Inclusion criteria were a pri-
mary RSA for cuff-tear arthropathy, massive cuff tear, or gleno-
humeral osteoarthritis. We excluded revision RSA, RSA for
proximal humeral fracture, RSA for fracture sequelae, or tumors.
Only radiographs that qualified as “true AP” views were selected.
Features of a true AP view are a superimposition of the anterior
and posterior rim of the glenoid and no foreshortening of the
scapular body.

Surgical procedure

All procedures were performed by the senior surgeon systemati-
cally using the BIO-RSA technique on the glenoid side and an
onlay humeral component (Aequalis Ascend Flex Reverse Pros-
thesis; Stryker, Kalamazoo, MI, USA) on the humeral side. For
BIO-RSA, a (10-mm-thick, angled 12°) disc of cancellous bone
graft was harvested from the humeral head and placed under a
long peg (25 mm) glenoid baseplate.”” A glenoid guide was
placed flush with the inferior border of the glenoid with 10° of
inferior tilt to ream 2-3 mm inferiorly (“smiley face’). The
baseplate and sphere were chosen according to the patient size and
gender: 25-mm baseplate with a 36-mm sphere for small female
patients and 29-mm baseplate with 42-mm sphere for large male
patients. The humeral short stem Ascend Flex was used with
asymmetrical polyethylene to result in a final inclination of 145°
and implanted with 20° to 30° of retroversion. A standard, 6-mm-
thick polyethylene insert was used in most patients. A sub-
scapularis tendon repair was systematically performed when the
tendon was still present.

New angles proposed

Lateralization

The lateralization shoulder angle (LSA) proposed by Boutsiadis
and Barth® in 2018 represents global lateralization. As we pro-
posed in 2020, using the most lateral part of the glenosphere, the
“glenoid pivot point” (GPP), as a reference, LSA can be sub-
divided into 2 new angles: the medial part was termed the glenoid
lateralization angle (GLA), and the lateral part was termed the
humeral lateralization angle (HLA) (Fig. 2, A). This leads to
the following equation: LSA = GLA + HLA (Table I). Because
the angles form a triangle, it is possible to determine only LSA
and GLA as HLA can be calculated by subtracting GLA from
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Figure 1

Distalization shoulder angle (DSA) and lateralization shoulder angle (LSA) are well-established angles in RSA. LSA and DSA

only capture global lateralization and distalization and cannot show how much lateralization and distalization are attributable to the glenoid

and the humerus.

Figure 2

New angles to describe glenoid and humeral alignment in RSA. (A) Lateralization shoulder angle (LSA) can be subdivided into

glenoid lateralization angle (GLA) and humeral lateralization angle (HLA). (B) The modified distalization shoulder angle (mDSA) can be
subdivided into glenoid distalization angle (GDA) and humeral distalization angle (HDA). The ——Jp» shows the glenoid pivot point
(GPP), which is the most lateral point of the glenosphere. An auxiliary line (- —————- ) can be used to determine it.

LSA: HLA = LSA — GLA. An auxiliary line can be used to
determine the most lateral part of the glenosphere.

Distalization

Applying the concept mentioned above for measuring distaliza-
tion, we proposed the modified distalization shoulder angle
(mDSA). Utilizing again the GPP, mDSA can be further sub-
divided into the glenoid distalization angle (GDA) and the hu-
meral distalization angle (HDA) (Fig. 2, B). Likewise, the
following equation can be proposed: mDSA = GDA + HDA
(Table I).

Image analysis

One hundred postoperative radiographs were fully anonymized
and analyzed by 3 fellowship-trained orthopedic surgeons. Image
analysis was performed using the recently introduced online tool
Tyche (www.tyche.expert).”*” Using Tyche, images were pre-
sented in random order without displaying any metadata inside a
web browser with the means to store results on the same window.
Observers were able to use standard tools like zoom and contrast,
employ angle tools, and create annotations like auxiliary lines. To
access the images, observers were provided with a temporarily
valid URL. After the analysis, the results were immediately
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Table I New angles and their compositions

Glenoid

Humerus

Equation

Lateralization
Distalization

Glenoid lateralization angle (GLA)
Glenoid distalization angle (GDA)

Humeral lateralization angle (HLA)
Humeral distalization angle (HDA)

GLA + HLA = LSA
GDA + HDA = mDSA

LSA, lateralization shoulder angle; mDSA, modified distalization shoulder angle.

Table II Intraclass and Spearman correlation coefficients
with interpretations

ICC Interpretation” Spearman Interpretation’
>0.9 Excellent >0.9 Very strong
>0.75 Good >0.7 Strong

>0.5 Moderate >0.4 Moderate

ICC, intraclass correlation coefficient.
* Koo and Li (2016)."®
T Schober et al (2018).>"

computed and visible to the project manager. Fifty percent of the
images were analyzed twice.

On every image, the observers determined 2 established angles:
LSA and DSA. Besides, for glenoid lateralization, observers
measured the GLA. The HLA was measured indirectly by sub-
tracting GLA from LSA (Table I). Finally, for glenoid distalization,
observers measured the GDA. The HDA was measured indirectly
by measuring the mDSA and subtracting GDA from mDSA.

Statistical analysis

For statistical analysis, Prism 9.4 (GraphPad Software, Boston,
MA, USA) and SPSS version 27 (IBM, Armonk, NY, USA) were
used. For all angles, mean values and standard deviations (SDs)
were calculated for every observer individually and for all ob-
servers combined. To estimate measurement accuracy, we
employed the following method as described by Popovié?’: for
every measurement on every image, the SD between all 3 ob-
servers was calculated. Then, the average from all SDs was
calculated and termed the ‘“mean of individual SDs.” A lower
value indicates higher accuracy.

To assess inter- and intraobserver agreement for the measure-
ments, intraclass correlation coefficients (ICC, ;) were calculated.
ICCs were interpreted according to Koo and Li'® as shown in Table
II. Furthermore, correlations between the angles were calculated
using Spearman correlation coefficient. Correlation coefficients
were interpreted according to Schober et al’' as shown in Table I1.

Results

Angle measurements

The measurement results are summarized in Table III and
Figure 3. The mean values can be summarized in the
following 2 equations:

LSA(83°) =GLA(55°) + HLA(28°)
mDSA (99°) = GDA(71°) + HDA(28°)

Inter- and intraobserver reliability

Inter- and intraobserver agreement was calculated using
ICCs and shown with confidence intervals and P values in
Tables IV and V. All angles showed excellent inter- and
intraobserver agreement (ICC > 0.9).

Precision

Precision can be estimated by the mean of individual SDs
and is shown in the last column of Table III. A measure-
ment of one angle on one radiograph, performed (here) by 3
observers, has an SD of 2° on average.

Correlation analysis

Spearman correlation coefficients were calculated between
all angles and shown in Table VI. LSA and DSA had a
strong negative correlation (r = —0.75, P < .001). Besides,
mDSA and GDA had a strong positive correlation
(r=0.87, P < .001).

Discussion
Summary of results

Global lateralization and distalization in RSA can be
measured on AP radiographs using the 2 angles proposed
by Boutsiadis and Barth®: the lateralization shoulder angle
and the distalization shoulder angle. However, these 2 an-
gles do not allow to differentiate how much lateralization or
distalization are attributable to the glenoid and the humerus
(Fig. 1).

The most important finding of the present study is that
by using new angles, it is possible to separately measure the
part related to the humerus and the one related to the gle-
noid for lateralization and distalization in RSA. The key
message is that the most lateral point of the glenosphere,
which we termed the glenoid pivot point, can be used to
separate the glenoid component from the humeral compo-
nent for both lateralization and distalization (Fig. 2). Using
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Table III  Measurement results for all 3 observers
Angles  Observer 1 Observer 2 Observer 3 Mean (SD)  Mean of individual SDs
Mean (SD)  Min-Max (A) Mean (SD) Min-Max (A) Mean (SD) Min-Max (A) (releinive o i)

LSA 84 (9) 59-121 (62) 82 (8.2)  56-116 (60) 83 (9) 59-122 (64) 83 (9) 2 (2.4)

DSA 57 (10) 31-95 (64) 58 (9.4)  32-95 (63) 59 (10) 31-95 (64) 58 (10) 2 (3.4)

GLA 56 (6) 40-88 (47) 55 (5.9)  41-90 (49) 54 (7) 35-70 (35) 55 (6) 2 (3.6)

mDSA 98 (10) 70-135 (65) 100 (10) 67-134 (67) 100 (10) 73-138 (65) 99 (10) 2 (2.0)

GDA 70 (10) 39-100 (61) 71 (10) 37-98 (61) 73 (10)  50-102 (52) 71 (9) 2 (2.8)

LSA, lateralization shoulder angle; DSA, distalization shoulder angle; GLA, glenoid lateralization angle; mDSA, modified distalization shoulder angle;
GDA, glenoid distalization angle; SD, standard deviation; Min, minimum; Max, maximum, 4, delta.

Three observers determined 2 established (LSA and DSA) and 3 new angles (GLA, mDSA, and GDA) on 150 anteroposterior radiographs of patients who
underwent RSA. Mean, SD, Min, and Max values were calculated. Besides, SDs were calculated between the 3 observers for every measurement on every
single image. Then, a mean value of these SDs from all images was calculated and stored as the “mean of individual SDs” to estimate the measurement

accuracy of single measurements.
All results are in degrees.

150 —
— 100~ . —
@
o
8 .
O 504 —
0 1 1 I 1 I
LSA DSA GLA DSA-2 GDA
Figure 3 Box and whisker plot for all measured angles.

Lateralization shoulder angle (LSA) and distalization shoulder
angle (DSA) are established angles. For lateralization, the glenoid
lateralization angle (GLA) was measured. The humeral laterali-
zation angle was calculated by subtracting GLA from LSA
(compare Table I). For distalization, the modified distalization
shoulder angle (mDSA) and glenoid distalization angle (GDA)
were measured. The humeral distalization angle can be calculated
by subtracting GDA from mDSA. The box and whisker plot shows
the median, upper and lower quartiles, and maximum and mini-
mum values.

our new angles, it is possible to reliably (Tables IV and V)
measure how much lateralization after RSA is attributable
to the glenoid (GLA) and humerus (HLA). The same ap-
plies for measuring glenoid distalization (GDA) and hu-
meral distalization (HDA).

New angles proposed

The new angles that we propose are based on reliable and
already used bony landmarks (the most lateral part of the

acromion, the superior glenoid edge, the most medial part
of the proximal humerus, and the most lateral part of the
greater tuberosity). The originality of our work is that we
propose to use the most lateral point of the glenosphere,
which we termed the glenoid pivot point. This point allows
the separation of the glenoid from the humeral component
for both lateralization and distalization.

For lateralization, the GPP allows splitting the estab-
lished angle LSA into 2 different and new angles: GLA
(glenoid lateralization angle) and HLA (humeral laterali-
zation angle). This results in the following equation:
LSA = GLA + HLA (Fig. 2, A, and Table I).

For distalization, it is not possible to split DSA into 2
angles since DSA remains above the glenosphere (at the
level of the greater tuberosity) and does not consider the
humeral distalization (Fig. 1, B). To appreciate humeral
distalization, we propose a new angle: the modified dis-
talization shoulder angle (mDSA). Utilizing again the most
lateral part of the glenosphere (GPP), mDSA can be further
subdivided into GDA (glenoid distalization angle) and
HDA (humeral distalization angle). Thus, we get the
following equation: mDSA = GDA + HDA (Fig. 2, B and
Table I).

Reliability and precision

The mean results for LSA and DSA in this study align with
those recommended in the literature.”” The means of indi-
vidual SDs were low (2°), and ICCs showed excellent inter-
and intraobserver reliability. Finally, as reported by the
authors,” LSA and DSA had a strong negative correlation
(r = —0.75). Thus, the measurement reliability of LSA and
DSA in this study was confirmed and can serve as a com-
parison for the new angles.

Inter- and intraobserver agreement for the new angles
was as high as that of LSA and DSA. Overall SDs for the
new angles range between 6° and 10°, which are
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Table IV  Interobserver agreement for all angles
LSA DSA GLA mDSA GDA
ICC 0.95 0.97 0.92 0.97 0.96
I 0.93-0.96" 0.95-0.97" 0.88-0.94" 0.96-0.98" 0.95-0.97"

ICC, intraclass correlation coefficient; CI, confidence interval; LSA, lateralization shoulder angle; DSA, distalization shoulder angle; GLA, glenoid
lateralization angle; mDSA, modified distalization shoulder angle; GDA, glenoid distalization angle.

The interobserver agreement was found to be excellent for all angles.
* P <.001.

Table V.  Intraobserver agreement for all angles
LSA DSA GLA mDSA GDA

Observer 1

ICC 0.97 0.96 0.96 0.98 0.96

(I 0.94-0.98" 0.93-0.98" 0.93-0.98" 0.98-0.99" 0.93-0.98"
Observer 2

ICC 0.94 0.98 0.92 0.97 0.97

(I 0.89-0.97" 0.97-0.99" 0.85-0.95" 0.95-0.84" 0.95-0.99"
Observer 3

ICC 0.97 0.98 0.88 0.96 0.94

(I 0.95-0.98" 0.96-0.99" 0.78-0.93" 0.92-0.98" 0.9-0.97"
Mean

ICC 0.96 0.97 0.92 0.97 0.96

ICC, intraclass correlation coefficient; CI, confidence interval; LSA, lateralization shoulder angle; DSA, distalization shoulder angle; GLA, glenoid
lateralization angle; mDSA, modified distalization shoulder angle; GDA, glenoid distalization angle.

The intraobserver agreement was found to be excellent for all angles.
* P <.001.

Table VI  Correlations between angles

GDA mDSA GLA DSA
LSA —0.38" —0.77" 0.57" —0.75"
DSA 0.49" 0.87" —0.18
GLA —0.4" —0.3"
mDSA 0.6"

LSA, lateralization shoulder angle; DSA, distalization shoulder angle;
GLA, glenoid lateralization angle; mDSA, modified distalization
shoulder angle; GDA, glenoid distalization angle.

Spearman correlation coefficients (r) were calculated between all
angles. LSA and DSA show a strong negative correlation. DSA and
mDSA have a positive strong correlation.

* P < .001.

comparable to SDs of LSA (9°) and DSA (10°). This shows
that the new angles can capture a variety of alignments.
Besides, single measurements, estimated by means of in-
dividual SDs, were as low as those of LSA and DSA,
partially even lower, which indicates high accuracy. The
new angles could thus be used to formulate treatment al-
gorithms based on measurements.

A strong positive correlation (r = 0.87) was noted be-
tween DSA and mDSA, which shows that the modified

Distalization Shoulder Angle (mDSA) is a valid alternative
for DSA and can be used to separately assess distalization
for the glenoid and humeral side.

Why use angles and not distance measurements?

Being able to reliably capture the alignment of RSAs in a
simple and straightforward manner is crucial for planning
operations, evaluating results, and conducting studies.”
Computed tomography (CT) provides multiplanar recon-
struction, and there is no need for manual calibration.
Hence, precise measurements of distances can be per-
formed if the appropriate software is accessible.'""”
However, CTs are not always available, especially post-
operatively, and radiation needs to be considered. In
contrast, radiographs are easily available, usually pre- and
postoperatively; nevertheless, because they are rarely per-
formed with a calibration object, length measurements
cannot be reliably performed. Thus, angle measurements on
radiographs are a simple and reliable method of capturing
alignment. Other authors have suggested capturing humeral
alignment using the humeral offset’; however, this requires
length measurements, which can be inaccurate because
radiographs are not usually calibrated.
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Correct radiographs are crucial

The new angles presented in this study were tested and
validated on images from our database labeled as true
“anteroposterior’” (AP) views. Research has proven that
angle measurements produce discrepant results with
different radiographic viewing perspectives.'”'>** Hence,
researchers need to ensure that they only apply the new
angles on "true”” AP radiographs. No clinical conclusions
should be drawn from angle measurements performed on
incorrect images, even though measurements might be
radiographically reliable. In case of doubt, CTs should be
used.”

Future development

Our next step is to perform clinical studies to look for
correlations between the functional outcome and range of
motion after RSA and the corresponding values of the new
angles. This could provide a more precise understanding of
the optimal configuration in RSA. Although our new angles
are used to measure lateralization and distalization after
RSA in 2D, that is, on AP radiographs, they could be used
before RSA on 2D or 3D CT scans with specific planning
software.

Strengths and limitations of the study

The main strength of our study is that it introduces new
angles for estimating lateralization and distalization after
RSA based on a large cohort study of 100 patients. These
angle measurements are made on postoperative true AP
radiographs (which are easy to obtain in clinical practice),
and the measurements have been made by 3 different ob-
servers. The use of an angle as a radiologic index can be
simpler and more reproducible than using length or dis-
tance measurements. Finally, the goal of our radiographic
study was not to correlate the new angles with patient
outcomes, and thus, the clinical significance of the new
angles is still unknown.

Conclusion

This radiologic study presents a clinically applicable and
reproducible measurement to evaluate how much later-
alization and distalization after RSA are attributable to
the glenoid and the humeral side. The 4 new angles
(HLA, GLA, GDA, and HDA) described in the present
study are based on readily identifiable landmarks (gle-
noid, acromion, greater tuberosity, most lateral part of
the glenosphere) and can be used on true AP radiograph,
routinely obtained after shoulder replacement. The
measured angles may be used with all types of reverse
prostheses available.

Future research may benefit from use of this measure-
ment system in determining optimal implant configura-
tion to achieve the best clinical outcome after RSA.
Using this information, these angles could be further
integrated with preoperative planning software to adjust
the surgical technique and choice of implants to improve
clinical outcomes.
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