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Background: Scapular notching continues to be associated with reverse shoulder arthroplasty (RSA) and
is thought to lead to fewer outcomes. Decreasing the humeral neck-shaft angle (NSA) has been associated
with decreased incidence of scapular notching. Lateralizing the glenosphere center of rotation (COR) has
also been proposed to decrease notching; however, its effect in lower NSA RSA is less understood. The
purpose of this study was to compare the impact of the medial (0 mm) and lateral (4 mm) COR on the
incidence of scapular notching and clinical outcomes after RSA with a 135� NSA humeral component.
Methods: We performed a multicenter retrospective comparative cohort of 82 patients with cuff tear
arthropathy (41 in each cohort) who underwent RSA with a 135� NSA humeral component and a
glenosphere COR of either 0 mm (medialized COR [MCOR]) or 4 mm (lateralized COR [LCOR]) of
lateralization. RSA was performed using the same 135� humeral system and baseplate design. All pa-
tients had 2-year radiographic and clinical follow-up. Postoperative radiographs were evaluated for
scapular notching. Clinical outcomes included American Shoulder and Elbow Surgeons scores, visual
analog pain scale, Simple Assessment Numeric Evaluation, and active range of motion.
Results: The overall incidence of scapular notching was 22.0%. There was no significant difference in
scapular notching between cohorts: 24.4% in the MCOR and 19.5% in the LCOR (P ¼ .625). Both cohorts
had significant improvements in American Shoulder and Elbow Surgeons scores, visual analog pain scale,
Simple Assessment Numeric Evaluation, and active range of motion postoperatively (P < .005). Im-
provements did not significantly differ between cohorts. The presence of scapular notching did not have
a significant negative effect on any clinical outcome measure. Complications occurred in 5 patients (2
MCORs and 3 LCORs), none of which occurred in patients with scapular notching.
Discussion and conclusion: Lateralizing the glenosphere COR by 4 mm does not significantly affect the
incidence of scapular notching in RSA when using a 135� NSA humeral component at short-term follow-
up. Furthermore, such offset does not significantly improve functional outcome scoring systems or range
of motion when compared with the MCOR (0 mm). Scapular notching did not have a negative impact on
any clinical outcome measure or complication rate in this series.

© 2022 The Authors. 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/).
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Reverse shoulder arthroplasty (RSA) has proven to be a safe and
effective treatment for patients with cuff tear arthropathy.4-6,9,31

Pain relief and improved patient function have been established
as predictable outcomes inmost patients after RSA and appear to be
maintained through long-term follow-up.4,6,9,31 Improvements in
implant design and surgical techniques are thought to have
decreased complication rates and improved patient outcomes;
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Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gwsharmsen@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2021.12.005&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2021.12.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2021.12.005
https://doi.org/10.1016/j.jseint.2021.12.005


S.M. Harmsen, J. Robaina, D. Campbell et al. JSES International 6 (2022) 442e446
however, scapular notching continues to be a commonly reported
radiographic finding with RSA.1,12,16,18,19,21,22,23,24

Scapular notching is a term used to describe the erosive changes
seen at the axillary boarder of the scapular neck in RSA. This is a
multifactorial phenomenon that is most commonly attributed to
mechanical impingement of the humeral component on the infe-
rior scapular neck and lateral scapular pillar.21,22 The literature
suggests that notching can increase over time, which is thought to
be attributed to polyethylene wear resulting in osteolysis.4,5 The
clinical impact of scapular notching shows disagreement, with
some studies suggesting no negative impact on outcomes.1-3,21,31,33

However, recent studies suggest that decreased clinical outcomes
and increased complication rates are associated with scapular
notching.22,22,23,29,30

The rate of scapular notching varies widely, reported from 0% to
96% in the literature.21,22,23,28 Certain anatomic, hardware-related,
and technique-dependent factors have been implicated with
higher rates.1,7,8,13,16,18,21,22,23,28,34 As a result, changes in implant
design and surgical technique have been recommended to decrease
notching, two of which include lateralizing the center of
rotation (COR) and decreasing the humeral neck-shaft angle
(NSA).1,8,11,13-16,18,25,26,32,34 Lateralizing the COR has been shown to
significantly decrease notching rates in traditional Grammont-style
RSA with a 155� NSA.1,16,19 Decreasing the NSA has also been
associated with significantly lower rates of scapular notching
compared with traditional 155� NSA designs.7,20 In many of these
studies, however, RSA was performed with both a decreased NSA
humeral implant and a lateralized COR. As a result, the effect of
lateralizing the COR in RSA with a lower NSA on scapular notching
is less understood.

The purpose of this study was to compare the rates of scapular
notching in patients who had undergone RSA with a 135� NSA and
either a lateralized (4 mm) or neutral (0 mm) COR. In addition,
functional outcome scores, ranges of motion (ROM), and complica-
tions would also be compared. We hypothesized that a lateralized
COR would result in a lower rate of scapular notching; however, no
differences in functional outcome scores or ROMwould be identified.

Methods

A retrospective comparative cohort study was designed to
evaluate the effect of lateralizing the COR in RSA with a 135� hu-
meral component on the rate of scapular notching. Patient data and
imaging were obtained from a larger, institutional review
boardeapproved, prospectively gathered registry intended for
outcome analysis of shoulder replacement surgery. All patients
provided informed consent for inclusion in the registry before
surgical intervention. All RSAs performed between June 2015 and
June 2017 using the same 135� humeral component design were
reviewed. Inclusion criteria included primary RSA, surgical indica-
tion of cuff tear arthropathy, and complete clinical and radiographic
follow-up at 2-year follow-up. Exclusion criteria included surgical
indication other than cuff tear arthropathy, revision surgery, prior
open shoulder surgery, significant glenoid and/or humeral bone
loss that would require bone grafting or augmented implants,
baseplate malposition (superior inclination and/or inferior gleno-
sphere edge higher than native glenoid), humeral component
version outside of 0-30 degrees of retroversion, and the use of an
eccentric glenosphere.

Patients were divided as per glenosphere lateralization. The first
cohort consisted of patients who underwent RSA with a standard
glenosphere (0 mm of the COR offset), equivalent to a traditional
medialized COR (MCOR) configuration. The second cohort con-
sisted of patients who underwent RSA with a lateralized
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glenosphere (þ4 mm of the COR offset), resulting in a lateralized
COR (LCOR) configuration. All patients who underwent RSAwith an
MCOR and met inclusion criteria were included in the study. The
LCOR cohort was then developed by matching cases in consecutive
order based on age and indication. A priori power analysis deter-
mined that 38 patients would be required in each cohort to see a
25% decrease in the notching rate (a ¼ .05).

Implant design and surgical technique

All RSAs were performed with the Arthrex Univers Revers hu-
meral stem and Universal Glenoid Baseplate (Arthrex, Inc., Naples,
FL, USA). The humeral implant in this system allows the surgeon to
orient the metaphyseal cup at either a 135� or 155� NSA in a uni-
versal stem body. The baseplate is anatomically shaped with 3 sizes
to best match the native glenoid. Lateralization options of the
glenosphere include a neutral (0 mm offset) or lateralized (þ4 mm
lateralized offset) glenosphere in 36 mm, 39 mm, and 42 mm sizes.

All RSAs were performed by fellowship-trained shoulder sur-
geons following the official technique guide through a deltopec-
toral approach. All humeral components were oriented at a 135�

NSA. Baseplates were sized based on the patient's anatomy and
placed with the goal of restoring the version and inclination of the
native glenoid. Glenospheres were selected based on surgeon
preference. Postoperative rehabilitation was not standardized.

Radiographic analysis

Standardized shoulder radiographs (Grashey [AP], scapular Y,
and axillary views) were obtained for all patients at set time points
throughout their follow-up. For purposes of this study, the 24-
month follow-up AP radiographs were reviewed and assessed for
scapular notching as per the Sirveaux grading system30: grade 0, no
visible notching; grade 1, notching limited to the lateral pillar;
grade 2, notching is confluent with the inferior glenoid baseplate
screw; grade 3, notching the extends beyond the inferior screw;
and grade 4, notching that involves the central post/screw. Re-
viewers alsowere instructed to review the immediate postop AP for
comparison. Three fellowship-trained shoulder surgeons per-
formed an independent radiographic review. If a discrepancy arose,
the majority assessment was taken. Reviewers were blinded to the
surgeon of record, date of surgery, and the other reviewer's grading.
Rates of notching between cohorts were compared.

Clinical analysis

All patients were evaluated preoperatively and at set time points
throughout their follow-up. Validated functional outcome scoring
systems (FOSs) were administered at each visit and included the
American Shoulder and Elbow Surgeons score, Simple Assessment
Numeric Evaluation, and visual analog pain scale. Standard active
ROM (AROM) were also measured at each time point using a
goniometer. These included forward flexion and external rotation
with the arm held at 0� of abduction. FOS and AROM at 24-month
follow-up were compared with preoperative values.

Statistical analysis

Statistical comparisons for interval-scale variables within co-
horts were performed with the paired Student t-test. Comparisons
between cohorts were performed using the independent samples
t-test for interval-scale variables and the Mann-Whitney U test for
ordinal-scale variables. A mean k value was calculated to test
agreement between reviewers for scapular notching.



Table I
Comparison of MCOR and LCOR at 2-year follow-up.

MCOR (n ¼ 41) LCOR (n ¼ 41) P value

Age, yr 70 ± 7 70 ± 6 .571
Indication
Cuff tear arthropathy 41 41

Scapular notching (%) 10 (24.4%) 8 (19.5%) .652
Grade 1 (%) 5 (50%) 7 (87.5%)
Grade 2 (%) 3 (30%) 1 (12.5%)
Grade 3 (%) 1 (10%) 0 (0%)
Grade 4 (%) 1 (10%) 0 (0%)

ASES
Pre-op 39.6 ± 20.5 40.3 ± 21.0 .889
Post-op 83.3 ± 15.0 81.9 ± 15.5 .682
Change 43.7 41.6 .698

SANE
Pre-op 26.8 ± 17.5 26.6 ± 16.5 .969
Post-op 83.6 ± 14.9 78.6 ± 16.9 .154
Change 56.9 51.9 .316

VAS
Pre-op 6 ± 2.6 5.4 ± 2.6 .279
Post-op 0.8 ± 1.7 0.7 ± 1.4 .624
Change �5.2 �4.7 .439

AFF
Pre-op 81.5 ± 38.0 95.9 ± 37.0 .089
Post-op 133.6 ± 23.9 134.9 ± 23.7 .809
Change 52.1 39.0 .129

AER
Pre-op 21.4 ± 12.8 24.3 ± 13.9 .371
Post-op 33.7 ± 12.2 38.3 ± 19.9 .113
Change 12.3 14.0 .665

Complications
Total 2 3 .644

MCOR, 0 mm offset of the center of rotation; LCOR, 4 mm offset of the center of
rotation; ASES, American Shoulder and Elbow Surgeons; SANE, Simple Assessment
Numeric Evaluation; VAS, visual analog pain score; AFF, active forward flexion; AER,
active external rotation.
All clinical outcome improvements were significant in both cohorts (P < .001).
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Results

Forty-two RSAs performed with an MCOR glenosphere were
identified, 1 of which was excluded for need of glenoid bone
grafting. This left 41 RSAs for inclusion in the MCOR cohort. Sub-
sequently, 41 RSAs performed with an LCOR glenosphere were
matched to create the LCOR cohort. For all patients, the average age
at the time of surgery was 70.3 þ/- 6. There was no significant age
difference between cohorts (MCOR ¼ 70.7 þ/- 7.4 vs. LCOR ¼
70.0 þ/- 5.8, P ¼ .571).

Scapular notching was identified in 18 patients (22.0%). There
was no significant difference in scapular notching between the
MCOR and LCOR cohorts (P ¼ .62): 10 patients in the MCOR cohort
(24.4%) and 8 patients in the LCOR cohort (19.0%). Notching with
MCOR RSA included 6 patients with grade 1 (60.0%), 2 patients
with grade 2 (20.0%), 1 patient with grade 3 (10.0%), and 1 patient
with grade 4 (10.0%) notching. In the LCOR cohort, there were 7
patients with grade 1 (87.5%), 1 patient with grade 2 (12.5%), and
no patients with grade 3 or 4 notching (Table I). There was sub-
stantial interobserver agreement between the reviewers with a
mean k value of .68.

Significant improvements in all FOS and AROM were observed
in both groups (P < .001), with no significant difference in any
clinical parameter between them (Table I). Similarly, when
comparing patients with notching with those without notching,
there were no significant differences observed in any FOA or AROM
(Table II). Five complications occurred in 5 patients (6.1%), with 2
occurring in the MCOR group (4.8%) and 3 in the LCOR group (7.3%).
Complications included 3 scapular spine fractures (all in the LCOR),
1 dislocation, and 1 superficial infection. All were treated conser-
vatively with nonoperative measures. No complications occurred in
patients with scapular notching and as such could not be attributed
to the presence of notching.

Discussion

The effect of lateralizing the COR with a 135� RSA on scapular
notching is unclear. In this study, therewas no significant difference
in scapular notching between the þ4-mm LCOR and the MCOR
using a 135� RSA at 2-year follow-up, disproving our hypothesis. To
our knowledge, this is the first study to directly compare notching
rates between the MCOR and the LCOR with a 135� RSA. Similar
findings, however, were noted by Mollen et al when looking at the
clinical impact of scapular notching in 145� RSA.23 Although they
did not directly compare the MCOR vs. the LCOR, when extrapo-
lating from their data, no significant difference in notching is
identified when an expanded glenosphere (þ4-mm LCOR) was
used compared with a standard glenosphere.

The effect of the LCOR on scapular notching in Grammont-style
prosthesis with a 155� NSA has been well established. Boileau et al
reported scapular notching in 19% of patients with BIO-RSA.3

Athwal et al showed significantly lower notching rates in patients
with BIO-RSA than with standard RSA, 40% to 75%, respectively.1

Similarly, Kirzner et al reported scapular notching in 33% of pa-
tients with BIO-RSA compared with 68% with standard RSA.19 The
BIO-RSA techniques used in these studies provided up to 10 mm of
the LCOR. Metallic lateralization has also shown to decrease
notching in 155� NSA designs. Katz et al reported scapular notching
in 29% of RSAs performed with 8.5 mm of metallic LCOR.16 The
lateralized CORs in these studies are all greater than 8 mm. In our
series, we were limited to lateralizing the COR by 4 mm. It is
possible that further lateralization of the COR is required to protect
against scapular notching in 135� RSA as well.

Previous studies have established that decreasing the NSA in
comparison with the original Grammont-style NSA of 155� is
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associated with significantly lower notching rates.1,19,20,24,25,27

Gobezie et al demonstrated reduction of scapular notching from
58% to 21% when using a 155� vs a 135� RSA with an MCOR in a
randomized controlled trial using an implant that can be implanted
with either NSA.10 The overall scapular notching rate in our series
(22.0%) is consistent the reported rates in lower NSA studies. Many
135� RSA designs have an inherent LCOR; however, the decreased
incidence of scapular notching seen with these designs has not
been directly attributed to the presence or amount of the LCOR.
Many studies have shown very low rates of scapular notching when
using an RSA designwith a 135� NSA and 6-10mmof the lateralized
COR. Zitkovsky et al reported notching rates of 14.7% at 2-year
follow-up in patients with 6-10 mm of the LCOR with a 135� RSA;
however, they did not differentiate between the 6- and 10-mm
LCOR.34 Other authors have reported 0.0%-15.0% scapular notch-
ing rates with the same implant design, with Cuff et al reporting
only 15% notching at 10-year follow-up.5 These rates are consis-
tently lower than other designs and would suggest that an
increased LCOR greater than 6 mm is protective against scapular
notching.

The clinical impact of scapular notching remains variable within
the literature. Some studies show no difference, whereas others
show significant impact on functional outcome scores, ROM, and
complication rates. Mollen et al reported lower American Shoulder
and Elbow Surgeons scores, active abduction, and increased
complication rates (<0.05) in patients with scapular notching than
in thosewithout scapular notching. Interestingly, however, they did
not see a significant difference in the mean change from preoper-
ative values in FOS or ROM between cohorts.23 In our study, we
found no significant negative clinical effects of scapular notching.
FOS scores and ROM showed similar improvements from



Table II
Comparison of patients with and without notching at 2-year follow-up.

Notching (n ¼ 18) No notching (n ¼ 64) P value

ASES
Pre-op 43.1 ± 23.4 38.8 ± 20.0 .488
Post-op 87.3 ± 9.8 81.1 ± 16.3 .129
Change 44.2 42.3 .795

SANE
Pre-op 25.9 ± 20.3 27 ± 16.1 .826
Post-op 86.1 ± 10.1 79.7 ± 17.3 .141
Change 60.2 52.6 .271

VAS
Pre-op 5.3 ± 3.2 5.9 ± 2.4 .442
Post-op 0.3 ± 0.7 0.9 ± 1.7 .146
Change �5 �5 .971

AFF
Pre-op 90.0 ± 38.6 87.8 ± 38.2 .834
Post-op 133.4 ± 25.8 134.4 ± 23.4 .883
Change 43.4 46.6 .71

AER
Pre-op 20.3 ± 11.6 23.1 ± 15.3 .402
Post-op 37.6 ± 11.7 35.3 ± 13.7 .499
Change 17.3 12.2 .106

Complications
Total 0 5 .581

MCOR, 0 mm offset of the center of rotation; LCOR, 4 mm offset of the center of
rotation; ASES, American Shoulder and Elbow Surgeons; SANE, Simple Assessment
Numeric Evaluation; VAS, visual analog pain score; AFF, active forward flexion; AER,
active external rotation.
All clinical outcome improvements were significant in both cohorts (P < .001).
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preoperative scores, and final outcomes were not inferior in pa-
tients with notching compared with those without notching at 2-
year follow-up. In addition, we did not appreciate an increase in
complications in patients with scapular notching. Longer-term
follow-up is needed to better understand the potential clinical ef-
fects of scapular notching over time.

Lateralization of the COR has a number of potential effects that
may influence prosthesis performance, scapular notching, and
clinical outcomes. The results of several nonclinical studies have
suggested that additional lateralization of the COR may have
beneficial effects in lateralized prostheses. A cadaveric study by
Ferle et al noted that lateralization and a smaller NSA may improve
glenohumeral stability.8 A computer modeling study by Werner
et al using patient computed tomography scans found that
decreasing the humeral NSA from 145� to 135� improved
impingement-free ROM in adduction, external rotation, and
extension.32 A similar study using computed tomography scans
with posterior glenoid erosion noted that lateralization provided
the most significant benefits to ROM.17

However, the same studies also suggest that abduction can be
limited with increased lateralization. In addition, the increased soft
tissue tension associated with increased lateralization theoretically
promotes other potential complications. Excessive lateralization of
the COR increases the deltoid force required for active ROM and
places added stress on the acromion. Additional stress on the
baseplate fixation also raised concerns for higher failure rates in
these designs. However, the heterogeneity of previously reported
data makes definitive conclusions on the relationship between
prosthesis failure and lateralization unclear. What is apparent is
that more modern designs with less vertical NSAs and a more lat-
eralized COR have lower rates of notching than the original design.

A systematic review examining the clinical effects of laterali-
zation in patients with traditional Grammont-style and decreased
NSA humeral prostheses noted improvements in postoperative
external rotation and decreased scapular notching with lateralized
designs.13 Although the benefits of an overall lateralized design are
apparent, the heterogeneity of these comparisons makes it difficult
to identify what the optimal amount of the lateral offset in a
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lateralized prosthesis might be. For the 82 patients in our study
treated with a 135� NSA implant, lateralization of the COR by 4 mm
did not have any significant effects on clinical outcomes at 2 years.
Complication rates were similar between the cohorts, regardless of
notching (2 MCORs and 3 LCORs). However, it should be noted that
all 3 complications in the LCOR cohort were scapular spine fracture,
whichwere not observed in theMCOR cohort. It is also possible that
further lateralization beyond 4 mm is needed to see significant
differences in clinical outcomes in addition to increased scapular
notching protection. Further studies are needed to understand the
clinical and radiographic effects of lateralization in 135� RSA.

Limitations to this study include those inherent to a retrospec-
tive review of prospectively gathered data and multicenter studies.
Although we matched cohorts by age and diagnosis and our in-
clusion/exclusion criteria help to reduce certain anatomic variables,
glenosphere selection was based on surgeon preference and not
controlled. As a result, there may be some inherent selection bias.
In addition, although we were powered to see a significant differ-
ence between groups, the lower incidence seen in patients treated
with newer prosthesis designs unfortunately decreases the power
of studies seeking to demonstrate a significant difference between
groups. A larger sample size would be needed to demonstrate a
difference if one exists. The follow-up period we report is
commonly accepted in studies of this kind, although amidterm and
long-term follow-up would be beneficial in determining any long-
term consequences of COR lateralization that are not evaluated by
this study. Finally, we were only able to compare the MCOR and 4
mm of the LCOR with the system used during the study period.
More recent design from the same company allows for up to 8 mm
of lateralization (Modular Glenoid System). Further lateralizing the
CORmay show differences or similarities in scapular notching rates
and clinical outcomes. This study also has several strengths. To our
knowledge, this is the first study to directly evaluate the effect of
lateralization on scapular notching with a 135� RSA with a control
cohort. All patients underwent RSA with the same implant. In
addition, we showed a high interobserver reliability when evalu-
ating scapular notching.

Conclusion

This comparative cohort study demonstrated no significant
difference in scapular notching rates in patients who underwent
RSA with a 135� NSA implant design with 4 mm of the lateralized
COR compared with the standard (0 mm) COR at 2-year follow-up.
All patients saw significant improvements in functional outcome
scores and ROM. Lateralizing the COR by 4 mm did not have a
significant effect on any patient outcome compared with 0 mm of
lateralization. In addition, at short-term follow-up, the presence of
scapular notching did not have a negative effect on clinical out-
comes. Based on these short-term results, lateralization of 4 mm in
patients with a 135� RSA does not have a radiographic or clinically
significant impact at 2-year follow-up. Further studies evaluating
higher amounts of lateralization are needed to determine if later-
alization beyond 4 mm is associated with improved radiographic
and clinical outcomes.
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