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ARTICLE INFO Background: Globally, reverse shoulder arthroplasty (RSA) has moved away from the Grammont design

to modern prosthesis designs. The purpose of this 2-part study was to systematically review each of the

Keywords: most common complications of RSA, limiting each search to publications in 2010 or later. In this part
Reverse shoulder arthroplasty (part 1), we examined (1) scapular notching (SN), (2) periprosthetic infection (PJI), (3) mechanical failure
Complllca“onsh, (glenoid or humeral component), and (4) neurologic injury (NI).

scapular notching Methods: Four separate PubMed database searches were performed following Preferred Reporting
loosening . . - .

infection Items for Systematic Reviews and Meta-analyses guidelines. Overall, 113 studies on SN, 62 on PJI, 34 on

mechanical failure, and 48 on NI were included in our reviews. Univariate analysis was performed with
the %2 or Fisher exact test.
Results: The Grammont design had a higher SN rate vs. all other designs combined (42.5% vs. 12.3%, P <
.001). The onlay humeral design had a lower rate than the lateralized glenoid design (10.5% vs. 14.8%, P <
.001). The PJI rate was 2.4% for primary RSA and 2.6% for revision RSA. The incidence of glenoid and
humeral component loosening was 2.3% and 1.4%, respectively. The Grammont design had an increased
NI rate vs. all other designs combined (0.9% vs. 0.1%, P = .04).
Conclusions: Focused systematic reviews of the recent literature with a large volume of RSAs demon-
strate that with the use of non-Grammont modern prosthesis designs, complications including SN, PJI,
glenoid component loosening, and NI are significantly reduced compared with previous studies. As the
indications for RSA continue to expand, it is imperative to accurately track the rates and types of com-
plications to justify its cost and increased indications.

© 2020 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/).

neurologic injury

Level of evidence: Level IV; Systematic
Review

Although initially indicated for patients with rotator cuff
arthropathy,'*’° reverse shoulder arthroplasty (RSA) has been used
to treat various other pathologies including irreparable rotator cuff
tears without arthropathy,”’ inflammatory arthritis,®> displaced
proximal humeral fractures (PHFs) in elderly patients,'!" and frac-
ture sequelae.’®* Recently, indications have expanded to include
osteoarthritis (OA) with posterior subluxation and a biconcave
glenoid > or other patterns of advanced symmetrical glenoid wear

Institutional review board approval was not required for this systematic review.
* Corresponding author: Sarav S. Shah, MD, American Shoulder and Elbow Sur-
geons Multicenter Task Force on Reverse Total Shoulder Arthroplasty Complica-
tions“ 9400 W Higgins Rd, Rosemont, IL 60018, USA.
E-mail address: saravshah1@gmail.com (S.S. Shah).

https://doi.org/10.1016/j.jseint.2020.07.017

or dysplasia, as well as tumor resection, post-infectious sequelae,**
and chronic dislocations. Furthermore, RSA has been shown to have
favorable outcomes when used to revise failed primary shoulder
arthroplasty and failed osteosynthesis after PHE.>’ Thus, RSA is
frequently used to treat difficult clinical diagnoses, many of which
are salvage conditions, and it is not surprising to see a relatively
high reported complication rate.'>

As the volume of RSA increases,”® with continued increases
expected over the next 10 years,”® precise knowledge of the
probability and implications of the various complications is
imperative for judicious use of RSA.”’ The complications have been
well described; the studies in the literature, however, are hetero-
geneous (eg, different indications, different prostheses, and
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different populations) and definitions vary between authors.>*?%*

The reported complication rate is variable among reports and
seems to be influenced substantially by the mix of primary and
revision procedures included in each study,'”® with 1 study noting
the highest rate with RSAs used to revise failed primary RSAs.”’
Other major influences may include prosthesis design and sur-
geon experience,'3”?% with some authors advocating that primary
shoulder arthroplasty is performed more efficiently by higher-
volume surgeons.'®” Patient factors including body mass index,®
diabetes,'?® Parkinson disease,*° and preoperative American Soci-
ety of Anesthesiologists score’! have all been linked to increased
complications and/or unfavorable outcomes.

The majority of the published studies on RSA have historically
reported on a Grammont-style RSA (glenosphere with a medialized
center of rotation [medialized glenoid (MG)] along with an inlay
humeral component that medializes the humerus [medialized
humerus (MH)]). Lessons learned using this style of prosthesis have
led to the introduction of new designs with multiple options for
glenosphere lateral offset and eccentricity, different neck-shaft
angulations, and humerus-based lateralization (lateralized hu-
merus [LH]). These design modifications translate into different
biomechanics compared with the first generation of RSA. As the
concept, design, and surgical technique of RSA continue to improve,
the rates and types of complications may change over time. One
study noted that after implant modifications, there have been
statistically significant declines in baseplate failure, humeral
dissociation, and glenosphere dissociation.'"!

As the indications and use of RSA continue to expand, it is
important to track the rates and types of complications as the
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procedure continues to develop over time. The purpose of this 2-
part study was to provide a focused systematic review of the
most common complications of RSA using contemporary prosthetic
designs, therefore limiting studies to those published in 2010 or
later. In this part (part I), we performed a systematic review of (1)
scapular notching (SN), (2) periprosthetic infection (PJI), (3) me-
chanical failure (glenoid component [GC] and humeral component
[HC]), and (4) neurologic injury (NI). Part Il covers (1) instability; (2)
humeral or glenoid fractures; (3) acromial or scapular spine frac-
tures; and (4) problems or miscellaneous, including complex
regional pain syndrome, deltoid injury, hematoma, and heterotopic
ossification. We established a study design and specific objectives
before commencing each literature research.

Scapular notching
Methods

A systematic review was performed using Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) guide-
lines.”>® The search was performed using the PubMed medical
database in February 2019 (Fig. 1). The search terms used were
((scapular notching) OR (notching) AND (reverse shoulder arthro-
plasty) OR (reverse total shoulder) OR (reverse total shoulder
arthroplasty)) with filters as follows: date range of January 1, 2010,
to December 31, 2018; human species; and English language. The
search resulted in 902 total titles. One author (S.S.S.) then reviewed
the titles. The inclusion criteria were titles that specified primary or
revision RSA. The exclusion criteria were duplicate titles; review
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-analyses diagram for scapular notching.
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Table I
Scapular notching rates overall and stratified by grade
Studies included Shoulders Scapular notching present Rate, % (n)
Overall 113 8258 2431 29.43 (2431 of 8258)
Stratified by grade 94 6898 2086 —
Grade | — — 1206 57.81 (1206 of 2086)
Grade II — — 460 22.05 (460 of 2086)
Grade III — — 274 13.13 (274 of 2086)
Grade IV — — 146 7.0 (146 of 2086)

The majority of notches (79.87% [1666 of 2086]) were classified as low grade (grade I or II).

Table II
Rates of scapular notching according to publication date (2010-2015 vs. 2016-2018), average follow-up time (<5 years vs. >5 years), revision status (primary vs. revision RSA),
and center of rotation

Studies included Shoulders Scapular notching present Rate, % P value
Year published <.001
2010-2015 62 3707 1342 36.2
2016-2018 51 4551 1089 239
Follow-up <.001
>5yr 17 947 411 434
<5yr 96 7311 2020 27.6
Primary vs. revision RSA <.001
Primary 71 5680 1594 28.1
Revision 17 728 374 514
Center of rotation <.001
Medialized 84 5913 1953 33.0
Lateralized 14 1281 285 22.2

RSA, reverse shoulder arthroplasty.

articles; editorials; technique articles without reported patient comparison was <5, with the Fisher exact test. The « level for sta-
outcomes; cadaveric studies; kinematic, finite element model, or tistical significance was set to .05.

computer model analyses; case reports; survey studies; elastog-

raphy or histologic studies; cost-benefit analyses; and instructional Results

course lecture articles. After application of these criteria, 428 titles

remained for abstract review. Articles that reported 2-year radio- Regarding the level of evidence, the majority of the studies were
graphic follow-up, complications, or outcomes and/or notching or level IV (73) or III (36) studies, with only 1 level Il and 3 level I
SN were included. We excluded case series with <20 patients at studies.* A total of 8258 shoulders were included in the analysis,

final follow-up; nonclinical studies; studies not related to RSA; with a mean age of 70.1 years and 66.9% of female sex. The overall
studies with an average follow-up period < 24 months; studies that SN rate was 29.4% (2431 of 8258 shoulders) at a mean follow-up of
included patients who underwent concomitant tendon transfer, 3.5 years. Stratification by grade showed 1206 grade I, 460 grade II,
evaluated treatment of shoulder PJI, or reported only clinical out- 274 grade 111, and 146 grade IV notches when statistics were pooled

comes or range of motion; and studies of RSA for an indication of ~ from the 94 studies (2086 shoulders) that defined the gradation of
tumor. This process eliminated 272 more articles, leaving 156 for notching. Of note, 79.9% of notches (1666 of 2086) were classified as
full-text review. Articles that did not report SN rates or that re- low-grade SN (grade I or II) (Table I). In total, 17 different implant
ported incomplete SN rates were also excluded in the full-text re- systems were encountered. Primary RSA had an SN rate of 28.1%
view. The definition of SN was left to the discretion of each study. (1594 of 5680) vs. 51.4% (374 of 728) for revision RSA (P < .001)
This final elimination stage resulted in 113 articles for inclusion in (Table II). The Grammont design (MG or MH) had a higher notching
the analysis. rate vs. all other designs combined (42.5% vs. 12.3%, P < .001). The
The rates of SN overall and according to (1) revision status MG or LH design had a lower rate vs. the LG or MH design (10.5% vs.
(primary vs. revision arthroplasty), (2) publication date (2010-2015  14.8%, P <.001). Notching rates, especially those for non-Grammont
vs. 2016-2018), (3) average follow-up time (<5 years vs. >5 years), modern designs, have decreased compared with the findings of
(4) center of rotation (CoR) (medialized vs. lateralized), and (5)  Zumstein et al*** (Table II).
prosthesis design were determined by pooled statistics. CoR and
prosthesis design were defined according to Routman et al,”’' who  Periprosthetic infection
stated that a glenosphere with a CoR < 5 mm to the glenoid face is
considered an MG and a glenosphere with a CoR > 5 mm lateral to Methods
the glenoid face is considered a lateralized glenoid (LG). Of note,
revision RSA included both failed arthroplasty (hemiarthroplasty, A systematic review was performed using PRISMA guidelines.'
anatomic total shoulder arthroplasty [TSA], or RSA) and failed open The search was performed using 2 common medical databases,
reduction—internal fixation of PHF. Comparisons were also made to
the study of Zumstein et al.>?> .
Statistical analysis was performed using SPSS software (version " 15,7-12,15,17,18, 21, 24, 25, 28, 31, 32, 35, 36, 38, 39, 43, 45, 46, 52, 54, 55, 58-
o > ; 60, 65, 66, 69, 71-74, 77, 78, 84-90, 92-97, 100-102, 104, 106, 107, 109, 114, 117, 119,
26; IBM, Armonk, NY, USA). Univariate analysis was performed with 138137, 140-143, 145, 147, 149, 152, 155, 160-163, 166, 168, 170, 172, 174, 175, 177,
the XZ test or, when the expected count for >1 cell in the 179, 181-183, 186, 189, 192, 194-196, 198-200, 203, 204, 209, 211, 214, 215, 218

39

931
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Table III
Rates of scapular notching according to prosthesis design
Studies included Shoulders Scapular notching present Rate, % P value
Prosthesis design
LG or MH 15 1002 148 14.8 .001* vs. MG or LH
91 vs. LG or LH
<.001* vs. MG or MH
MG or LH 11 1730 181 10.5 .02* vs. LG or LH
<.001* vs. MG or MH
LG or LH 5 279 42 15.0 <.001* vs. MG or MH
Subtotal 31 3011 371 12.3 <.001* vs. MG or MH
MG or MH 71 4115 1750 425 —
Author
Zumstein et al*** 21 782 277 35.4 —
Current study 113 8258 2431 294 <.001* vs. Zumstein et al
Subtotal of non-Grammont designs in current study 31 3011 371 123 <.001* vs. Zumstein et al

LG, lateralized glenoid; MH, medialized humerus; MG, medialized glenoid; LH, lateralized humerus.
The Grammont design (MG or MH) had a higher notching rate vs. all other designs combined (42.5% vs. 12.3%, P < .001). The MG or LH design had a lower rate vs. the LG or MH
design (10.5% vs. 14.8%, P < .001). Notching rates, especially for non-Grammont modern designs, have decreased compared with the findings of Zumstein et al (Journal of

Shoulder and Elbow Surgery, 2011).
" Statistically significant (P < .05).
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Figure 2 Preferred Reporting Items for Systematic Reviews and Meta-analyses diagram for periprosthetic infection.

PubMed and Embase, on May 15, 2018 (Fig. 2). The search terms
used were “reverse shoulder arthroplasty” and “reverse ball and
socket” in the English-language literature. The search resulted in
26,692 total titles. One author (S.N.) then reviewed the titles. The
inclusion criteria were titles that specified primary or revision RSA.
The exclusion criteria were duplicate titles, review articles, edito-
rials, technique articles without reported patient outcomes, and

932

instructional course lecture articles. After application of these
criteria, 654 titles remained for abstract review. We excluded arti-
cles that were case series with <10 patients, were not related to
RSA, had a minimum average follow-up period < 24 months,
included patients who underwent concomitant tendon transfer, or
evaluated RSA for an indication of tumor. This process eliminated
551 more articles, leaving 103 for full-text review. Articles that did
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Table IV
Periprosthetic infection rates overall and stratified by diagnosis
Studies included Shoulders Periprosthetic infection present Rate, % P value
Primary vs. revision RSA
Primary 45 3065 73 24 73
Revision 20 1331 34 2.6
Diagnosis
CTA or irreparable RCT 29 2575 64 24 .07 vs. acute Fx
.30* vs. Fx sequelae
Acute Fx 10 329 3 0.9 .07* vs. Fx sequelae
Fx sequelae 7T 161 6 3.7 —
Author
Zumstein et al*?? 21 782 30 3.8 .02
Current study 65 4396 107 24

RSA, reverse shoulder arthroplasty; CTA, cuff tear arthropathy; RCT, rotator cuff tear; Fx, fracture.
Periprosthetic infection rates have decreased compared with the findings of Zumstein et al.

" Fisher exact test comparison.

not report infection rate by indication for RSA were also excluded in
the full-text review. Given the few studies that evaluated diagnoses
of instability and OA without rotator cuff tear, these diagnoses were
eliminated. The definition of PJI was left to the discretion of each
study. This final elimination stage resulted in 62 articles for inclu-
sion in the analysis. The rate of PJI after primary and reverse
arthroplasty was determined by pooled statistics. Comparisons
were also made to the study of Zumstein et al.?**

Statistical analysis was performed using SPSS software (version
26). Univariate analysis was performed with the y test or, when the
expected count for >1 cell in the comparison was <5, with the Fisher
exact test. The a level for statistical significance was set to .05.

Results

Regarding the level of evidence, the vast majority of the studies
were level IV or Il studies.” A total of 4396 patients were included
in the analysis at a mean of 4.1 + 2.4 years’ follow-up. There were
3065 primary arthroplasties and 1331 revision arthroplasties. Di-
agnoses in reverse arthroplasty cases included rotator cuff tear
arthropathy (CTA) or irreparable rotator cuff tear (n = 2575), acute
PHF (n = 329), or sequelae of PHF (n = 161). The PJI rate was 2.4%
(73 of 3065) at a mean follow-up of 4.3 years when statistics were
pooled from the 45 studies evaluating primary RSAs. When strati-
fied by diagnosis, the PJI rate was 2.4% (64 of 2575) for CTA or
irreparable rotator cuff tear (29 studies), 0.9% (3 of 329) for acute
fractures (10 studies), and 3.7% (6 of 161) for fracture sequelae (7
studies). The PJI rate was 2.6% (34 of 1331) at a mean follow-up of
3.8 years when statistics were pooled from the 20 studies evalu-
ating revision RSAs. PJI rates have decreased compared with the
findings of Zumstein et al**> (2.4% vs. 3.8%, P =.02) (Table V).

Mechanical failure

Methods

A systematic review was performed using PRISMA guidelines.!**
The search was performed using the PubMed medical database in
February 2018 (Fig. 3). The search terms used were ((mechanical
complications OR complications OR lucent lines OR radiolucency
OR loosening OR glenoid loosening OR humeral loosening OR gle-
nosphere dislocation OR polyethylene dissociation OR polyethylene
wear OR screw breakage OR screw loosening) AND (reverse

T 4,8,19, 20, 22, 24, 26, 29, 37, 38, 39, 41, 51, 54, 59, 62, 64-67, 80, 81, 94, 99, 101,
113, 115-118, 121,127,129, 132, 133, 135, 142, 155, 163, 165, 167,170, 173, 176, 181, 182,
195, 197, 199, 203, 206, 207, 209, 211-213, 215, 216, 219, 222
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shoulder arthroplasty OR reverse total shoulder OR reverse total
shoulder arthroplasty)) with filters as follows: date range of
January 1, 2010, to December 31, 2017; human species; and English
language. The search resulted in 433 total titles. One author
(B.M.G.) then reviewed the titles. The inclusion criteria were studies
with >50 patients, studies with minimum 2-year clinical and
radiographic follow-up, and studies that clearly reported at least
one of the following mechanical complications: GC radiolucent
lines, GC loosening, GC loosening requiring revision, HC radiolucent
lines, HC loosening, or HC loosening requiring revision. The exclu-
sion criteria were studies that did not include >50 patients, did not
report radiographic results, were not clinical studies, or included
TSA patients. After application of these criteria, the abstracts were
reviewed. This process left 125 articles for full-text review. Articles
that did not have 2-year radiographic follow-up, included <50
patients with 2-year radiographic follow-up, or did not differen-
tiate between prosthetic component dislocation and joint disloca-
tion were also excluded in the full-text review. The definition of
mechanical failure on the glenoid or humerus was left to the
discretion of each study. This final elimination stage resulted in 34
articles for inclusion in the analysis. Comparisons were made to the
study of Zumstein et al.?*®

Statistical analysis was performed using SPSS software (version
26). Univariate analysis was performed with the Xz test or, when
the expected count for >1 cell in the comparison was <5, with the
Fisher exact test. The a. level for statistical significance was set to
.05.

Results

The studies were mostly retrospective and provided level III or
IV evidence.” CTA (n = 23) and massive rotator cuff tears (n = 3)
were the primary indications for surgery in 26 of the included
studies. In 6 studies, the operations were primarily revisions. The
number of shoulders included from each study ranged from 50 to
591, and the pooled total was 4825 shoulders. Data on the age of the
included patients were available from 30 studies, and the mean age
ranged from 48 to 76 years. The mean follow-up period ranged
from 26 to 115 months. There were 14 different implants used in 22
of the studies; in the remaining 12 studies, either the implant type
was not reported or multiple implants were used but not stratified
based on mechanical complications.

The incidence of radiolucent lines around the GC was reported
in 12 studies. The incidence ranged from 0% to 60%; 5 studies

12,15, 37, 38, 46, 58, 59, 65, 68, 82, 88, 102, 103, 114, 117, 130, 134, 135, 140, 143,
155, 158, 176, 179, 191, 194, 195, 199, 202, 205, 208, 211, 215, 221
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Figure 3 Preferred Reporting Items for Systematic Reviews and Meta-analyses diagram for mechanical failure.

reported a rate of 0%, whereas the others reported rates of 1%, 3%,
7%, 10%, 12%, and 60% (pooled mean incidence, 7.7% [103 of 1336]).
The rate of GC loosening was reported by 30 studies, and the mean
incidence ranged from 0% to 14%, with a pooled mean incidence of
2.3% (89 of 3995). Although there was a higher reported rate of
radiolucent lines present, the rate of GC loosening was decreased
compared with the findings of Zumstein et al*** (2.3% vs. 3.5%, P =
.04). The pooled mean incidence of revision for loosening was 2.1%
(69 of 2908), with a range of 0% to 14%, based on data available from
26 studies (Table V).

The incidence of radiolucent lines around the HC was reported
by 18 studies. The incidence ranged from 0% to 57%, with a pooled
mean incidence of 12% (292 of 2419). The rate of HC loosening was
reported by 29 studies, with a mean incidence that ranged from 0%
to 12% (pooled mean, 1.4% [52 of 3817]). The revision rate for HC
loosening was reported by 26 studies and ranged from 0% to 12%,
with a pooled mean incidence of 1% (30 of 2920) (Table V).

Neurologic injury

Methods

A systematic review was performed using PRISMA guidelines.’
The search was performed using the PubMed medical database in
March 2019 (Fig. 4). The search terms used were ((neurological
injury) OR (complication) OR (axillary nerve) OR (iatrogenic nerve
injuries) OR (nerve injury) OR (suprascapular nerve) OR (radial
nerve) OR (musculoskeletal nerve) AND (reverse shoulder arthro-
plasty) OR (reverse total shoulder) OR (reverse total shoulder

934

arthroplasty)) with filters as follows: date range of January 1, 2010,
to December 31, 2018; human species; and English language. The
search resulted in 930 total titles. The inclusion criteria were titles
that specified primary or revision RSA. The exclusion criteria were
review articles; systematic reviews; editorials; technique articles
without reported patient outcomes; cadaveric studies; kinematic,
finite element model, or computer model analyses; case reports;
survey studies; elastography or histologic studies; cost-benefit
analyses; and instructional course lecture articles. After applica-
tion of these criteria, 230 titles remained for abstract review. Arti-
cles were included if they reported complication data and/or
reported neurologic or nerve injury, axillary nerve injury, iatrogenic
nerve injury, suprascapular nerve injury, radial nerve injury, or
musculoskeletal nerve injury. We excluded studies with <15 pa-
tients; studies not related to RSA; studies with an average follow-
up period < 24 months; and studies that investigated patients
who underwent concomitant tendon transfer or evaluated treat-
ment of PJI, blood transfusion rates, venous thromboembolism
rates, or RSA for tumor. This process eliminated 165 more articles,
leaving 65 for full-text review. Articles that recycled patient data
from already-included studies, did not differentiate between
anatomic TSA and RSA patients, or did not have 2-year follow-up
data on complications were also excluded in the full-text review.
This final elimination stage resulted in 48 articles for inclusion in
the analysis. The definition of NI was left to the discretion of each
study. Two authors (B.T.G. and S.S.S.) reviewed the articles and
collected the data.

The rates of NI overall and according to (1) revision status
(primary vs. revision arthroplasty), (2) publication date (2010-2015
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Table V
Pooled estimates of mechanical complications following RSA
Component Author
Glenoid Humeral Zumstein et al*** Current study

Radiolucent lines, % (n) 7.7 (103 of 1336) 12 (292 of 2419)

Loosening, % (n) 2.3 (89 of 3995) 1.4 (52 of 3817)

Revision for loosening, % (n) 2.1 (62 of 2908) 1 (30 of 2920)

Glenoid radiolucent lines
Studies included 21 12
Shoulders 782 1336
Glenoid radiolucent lines present 23 103
Rate, % 29 7.7
P value <.001

Glenoid loosening
Studies included 21 30
Shoulders 782 3995
Glenoid loosening present 27 89
Rate, % 35 23
P value .04

Humeral loosening
Studies included 21 29
Shoulders 782 3817
Humeral loosening present 10 52
Rate, % 13 14
P value .85

RSA, reverse shoulder arthroplasty.
Although there was a higher reported rate of radiolucent lines present, the rate of glenoid component loosening was decreased compared with the findings of Zumstein et al
(Journal of Shoulder and Elbow Surgery, 2011) (2.3% vs. 3.5%, P = .04). Of note, humeral component radiolucent lines were not reported in the study of Zumstein et al.
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Figure 4 Preferred Reporting Items for Systematic Reviews and Meta-analyses diagram for neurologic injury.
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Table VI
Neurologic injury rates overall and stratified by prosthesis design, year published, and specific nerve
Studies included Shoulders Neurologic injury reported Rate, % (n) P value
Overall 48 4135 23 0.6 (23 of 4135)
Stratified by specific nerve 45 2559 14 —
Axillary nerve — — 8 57.2 (8 of 14)
Musculoskeletal nerve — — 2 143 (2 of 14)
Suprascapular nerve — — 1 7.1 (1 of 14)
Radial nerve — — 2 14.3 (2 of 14)
Ulnar nerve — — 1 7.1 (1 of 14)
Prosthesis design
LG or MH — 464 1 0.2 —
MG or LH — 269 0 0.0 —
LG or LH — 17 0 0.0 —
Subtotal 12 750 1 0.1 .04*" vs. MG or MH
MG or MH 31 1425 13 0.9 —
Year published
2010-2015 26 2596 16 0.6 5
2016-2018 22 1539 7 0.5

LG, lateralized glenoid; MH, medialized humerus; MG, medialized glenoid; LH, lateralized humerus.
The Grammont design (MG or MH) had an increased neurologic injury rate vs. all other designs combined (0.9% vs. 0.1%, P = .04).

" Fisher exact test comparison.
T Statistically significant (P < .05).

vs. 2016-2018), (3) diagnosis, (4) CoR, and (5) prosthesis design
were determined by pooled statistics. CoR and prosthesis design
were defined according to Routman et al.'”! Of note, revision RSA
included failed arthroplasty (hemiarthroplasty, TSA, or RSA) and
failed open reduction—internal fixation of PHF. Comparisons were
also made to the study of Zumstein et al.>*>

Statistical analysis was performed using SPSS software (version
26). Univariate analysis was performed with the Xz test or, when
the expected count for >1 cell in the comparison was <5, with the
Fisher exact test. The o level for statistical significance was set to
.05.

Results

The studies were mostly retrospective and provided level III
evidence (10 studies) or level IV evidence (36 studies), with 2
studies providing level II evidence.” A total of 4135 shoulders were
included in the analysis, with a mean age of 70.3 years. The overall
rate of NI was 0.6% (23 of 4135 RSAs) at a weighted mean follow-up
of 3.4 years; 72.9% of patients were female patients. The majority of
reported neurologic complications involved the axillary nerve
(57.2%), followed by the musculoskeletal nerve (14.3%) and radial
nerve (14.3%). The Grammont design (MG or MH) had an increased
NI rate vs. all other designs combined (0.9% vs. 0.1%, P = .04)
(Table VI). Primary RSA had a decreased rate of NI compared with
revision (0.4% vs. 1.1%, P = .03). The subtotal of non-Grammont
designs in this study had a decreased rate of NI vs. the findings of
Zumstein et al*® (0.1% vs. 1.2%, P = .02) (Table VII).

Discussion

RSA has demonstrated good clinical outcomes at long-term
follow-up,”® leading to expanding indications and wider adop-
tion. Authors have reported good results in patients aged < 55
years,'>” patients aged > 65 years who have OA with an intact ro-
tator cuff,'°>'"> and complex salvage-type clinical situations such
as revision for a failed primary RSA.>%* It has even proved cost-

effective in instances such as complex PHFs in elderly patients.'**

§12,18,19, 23, 39, 42, 52, 54, 58, 59, 63, 66, 67, 71, 72, 76, 79, 82, 85, 86, 92, 99,
102, 105, 122, 124, 125, 127, 132, 148, 149, 153, 155, 164, 166, 177, 180, 182, 185, 189,
197, 198, 201, 204, 209, 211, 215, 220
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As the indications continue to expand, it is imperative to accu-
rately track the rates and types of complications to justify the cost.
By limiting each search to publications in 2010 or later and by
performing a systematic review of each complication, our study
was able to examine large sample sizes and provide useful analyses
based on diagnosis and prosthesis design that are typically difficult
with registry studies or case series. Registry studies have large
sample sizes but classically report only revision rates and lack data
on specific complication rates without revision."'%'>® By contrast,
case series usually lack large sample sizes that are necessary to
make specific comparisons with increased power. Our findings will
allow for better patient education and be helpful for surgeon
planning for RSA based on diagnosis and prosthesis design.

On the basis of this study, the global SN rate was 29.4% (2431 of
8258) at a mean follow-up of 3.5 years. When stratified by grade,
79.9% of notches were classified as low-grade SN (grade I or II).
However, there are multiple variables that may play a role: patient
anatomy,®”!%* surgical approach leading to variable exposure for
placement of the baseplate,” length of follow-up,''*!#! glenosphere
size,'%® eccentric glenosphere,'’ inferior glenosphere over-
hang,*°%160 and implant design.'® A randomized controlled trial
showed that an overarching theme to minimize notching is an
inferior glenosphere overhang > 3.5 mm'®’; glenosphere size,
eccentric placement, and surgical technique are all options to
achieve the same goal of an inferior overhang to minimize notch-
ing. When stratified by prosthesis design, the Grammont design
(MG or MH) had a significantly higher notching rate vs. all other
designs combined (42.5% vs. 12.3%, P < .001). The MG or LH design
had the lowest rate, which was significantly lower vs. the LG or MH
design as well. Notching rates, especially those of non-Grammont
modern designs, were significantly decreased compared with the
findings of Zumstein et al.>?*

Although severe notching plays a role in glenoid baseplate sta-
bility,'%° the effect of less severe notching on clinical outcomes
remains controversial. In their series of 461 shoulders, Lévigne
et al'' found no relationship between SN and pain or the Constant-
Murley score. In a more recent series of 476 shoulders, Mollon
et al'*! found significantly lower postoperative Shoulder Pain and
Disability Index and Constant-Murley scores in patients with SN
than in patients without any notching. Furthermore, patients with
SN were found to have significantly lower active abduction or for-
ward flexion, less strength, and significantly higher complication
rates.
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Table VII
Rates of neurologic injury rates according to publication date (2010-2015 vs. 2016-2018), diagnosis, revision status (primary vs. revision RSA), and center of rotation
Studies included Shoulders Neurologic injury reported Rate, % P value
Diagnosis
CTA — 476 2 04 —
RCT and OA — 470 2 04 —
Proximal humeral fracture — 284 1 0.4 —
Subtotal — 1230 5 0.4 .19* vs. RA
.05 vs. FA
RA — 45 1 22 —
FA — 777 9 1.2 43* vs. RA
Primary vs. revision RSA
Primary — 3275 13 04 031
Revision — 845 9 1.1 —
Center of rotation
Medialized 34 1694 13 0.8 33
Lateralized 10 481 1 0.2 —
Author
Zumstein et al*?® 21 782 9 1.2 .06
Current study 48 4135 23 0.6
Subtotal of non-Grammont designs in current study 12 750 1 0.1 .02+ vs. Zumstein et al

RSA, reverse shoulder arthroplasty; CTA, cuff tear arthropathy; RCT, massive rotator cuff tear; OA, osteoarthritis; RA, rheumatoid arthritis; FA, failed arthroplasty.
Primary RSA had a decreased rate of neurologic injury (0.4% vs. 1.1%, P = .03). The subtotal of non-Grammont designs had a decreased rate of neurologic injury vs. the findings

of Zumstein et al (0.1% vs. 1.2%, P = .02).
" Fisher exact test comparison.
T Statistically significant (P < .05).

On the basis of this study, the PJI infection rate was 2.4% (73 of
3065) at a mean follow-up of 4.3 years for primary RSA cases. The
rate was 2.6% (34 of 1331) at a mean follow-up of 3.8 years for
revision arthroplasty cases, which is comparable to the 2.8% PJI rate
for revision cases found in a recent review.?’ Although the reported
PJI rate is significantly lower than that of Zumstein et al,”** the
reported rate of infection for RSA is still higher than that for
anatomic shoulder arthroplasty. In a study with a similarly large
cohort, the rate of infection for primary anatomic shoulder
replacement was 0.5% (24 of 3014 cases).*® Factors that may explain
the RSA infection rate include an increased implant surface, a large
subacromial dead space, the compromised general health of some
patients, and the complexity of some indications.>* Additionally, as
in previous studies,?'%??> there was a trend toward higher infection
rates in revision surgery groups compared with primary arthro-
plasty groups.

On the basis of this study, the pooled mean incidence of radio-
lucent lines and loosening around the GC was 7.7% and 2.3%,
respectively. Although there was a higher reported rate of radio-
lucent lines present, the rate of GC loosening was significantly
decreased compared with the findings of Zumstein et al.>?> The
pooled mean revision rate for GC loosening was 2.1% (69 of 2908).
The pooled mean incidence of radiolucent lines around the HC was
12% (292 of 2419). The pooled mean incidence of HC loosening was
1.4% (52 of 817). The pooled mean revision rate for HC loosening
was 1% (30 of 2920).

Because of the forces occurring at the glenoid, most early
reports were wary of loosening. Significant mechanical stress
at the bone-implant interface may influence bony ingrowth
and may impact long-term stability.”> Our observed lower rate
of GC loosening compared with the findings of Zumstein
et al*>®> may be ascribed to significant advancements in bio-
materials. Although lateralized RSA designs have potentially
greater loads transferred to the bone-prosthesis interface's*
and premature mechanical failure due to loosening is a
concern with these devices,?'” the addition of locking-screw
technology, as well as hydroxyapatite coating, and the
increased size (5 mm) of peripheral screws have significantly
reduced the rate of baseplate failure of a specific lateralized
RSA design.*®'** To avoid loosening, every effort should be

made to optimally fix the GC onto good bone stock at the
inferior border of the glenoid.”’

The rate of HC loosening in our study was similar to the findings
of Zumstein et al.>?> In the modern RSA, mainly uncemented HCs
are being used in the primary setting. There has been concern that
uncemented stems lead to proximal bone resorption and stress
shielding; however, early cementless shoulder arthroplasty designs
used smooth, press-fit fixation relying on diaphyseal fixation.
Current designs incorporate on-growth or ingrowth surfaces and
rely on metaphyseal fixation. Advantages of metaphyseal fixation
include better vascularity potentially allowing more rapid
ingrowth, easier stem removal during revision, and reduced rates of
stress shielding.”® Additionally, Wiater et al>'> have shown similar
clinical and radiologic outcomes in a cohort study comparing pa-
tients with cemented and cementless HCs in RSA. Generally, aseptic
loosening of the HC is uncommon; infection should also always be
suspected as the etiologic source of loosening, and the patient
should be managed accordingly.”®

On the basis of this study, the overall incidence of neurologic
complications was 0.6% (23 of 4135 RSAs) at a mean follow-up of
3.4 years. In this study, the Grammont design had a significantly
increased NI rate vs. all other designs combined. Primary RSA had a
statistically higher NI incidence vs. revisions. An NI rate for revision
RSA of 1.1% is consistent with the recent literature.?’ The subtotal of
non-Grammont designs had a significantly decreased rate of NI vs.
the findings of Zumstein et al.”>> The majority of reported NIs
involved the axillary nerve, followed by the suprascapular nerve
and radial nerve. Placement of an RSA can threaten the axillary
nerve because of its proximity to the humeral metaphysis (average
distance in cadaveric study, 8.1 mm) and the inferior glenoid rim
(average distance, 13.6 mm)."> Some authors have suggested that
surgeons should routinely palpate or expose the axillary nerve
during shoulder arthroplasty in an effort to avoid injury.>>®!
However, LiBrizzi et al'?° demonstrated that a low incidence of
partial temporary isolated axillary nerve injury (0.7%) can be ex-
pected without routine identification of the nerve. Furthermore,
posterior and superior drilling for screw placement during base-
plate implantation places the suprascapular nerve at risk. The dis-
tance from the center of the glenoid to the suprascapular nerve
under the transverse scapular ligament is 28.4 mm and the distance

937



S.S. Shah, B.T. Gaal, A.M. Roche et al.

to the spinoglenoid notch is 16.6 mm, both when measured in the
mediolateral direction.'’?

Subclinical NIs by means of intraoperative neuromonitoring'>°
or postoperative electromyographic changes'® are common after
RSA, whereas the incidence of clinically evident NI is quite rare.
Another consideration is that they may be under-reported sec-
ondary to spontaneous recovery in many cases.” Although
neurologic complications are considered rare and transient, they
may affect the clinical outcome (ie, secondary to decreased deltoid
strength from axillary nerve deficit*®) and may necessitate opera-
tive intervention, that is, neurolysis'>> or baseplate screw
removal.'® Indirect traction injuries are thought to be the main
culprit for these lesions secondary to arm lengthening'®® and/or
external rotation during humeral and glenoid preparation.'®
Avoidance of prolonged periods in these at-risk arm positions,
along with intermittent recovery phases in the neutral position,
may prove beneficial to decrease the rate of nerve injury.'>!46:1>
Moreover, anatomic studies have shown that lateralization is less
harmful in terms of stretch on the axillary nerve vs. distalization.'?®
Along these lines, prostheses with a lateralized CoR in our study
demonstrated a 0.2% NI rate vs. 0.8% in RSAs with a medialized CoR,
but the difference was not statistically significant.

The limitations of this study are similar to those of any sys-
tematic review, including many retrospective studies with possible
reporting bias, differing follow-up times, publication bias, and
possible conflicting definitions of complications among studies.
Furthermore, the complication rates in this study are only based on
published data predominantly from high-volume centers; this may
not capture the rate or distribution of complications in the general
population treated by surgeons elsewhere, “many of whom
perform only a few of these procedures each year.”'®® High-volume
centers have been reported to have better perioperative quality
metrics'®” and maximized outcomes after RSA, likely related to
surgical experience.”® Thus, it has been advised that complex
procedures such as RSA be performed at high-volume destinations,
and lower-volume institutions have been encouraged to strategize
to function as higher-volume centers.”® Another limitation is that
patient outcomes were not collected; however, our study was able
to examine multiple complications with large sample sizes and
provide useful analyses based on diagnosis and prosthesis design
that are difficult with registry studies (secondary to lack of specific
data) or case series, as many lack the large sample sizes necessary
to make comparisons with clinical value.

Conclusion

Focused systematic reviews of the recent literature with a large
volume of RSAs demonstrate that with the use of non-Grammont
modern prosthesis designs, complications including SN, PJI, GC
loosening, and NI are significantly reduced compared with previous
studies. As the indications for RSA continue to expand, it is
imperative to accurately track the rates and types of complications
to justify its cost and increased indications.

Disclaimer

The authors, their immediate families, and any research foun-
dations with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.

References

1. Abdel MP, Hattrup SJ, Sperling JW, Cofield RH, Kreofsky CR, Sanchez-Sotelo ].
Revision of an unstable hemiarthroplasty or anatomical total shoulder

938

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

JSES International 4 (2020) 929—943

replacement using a reverse design prosthesis. Bone Joint ] 2013;95-B:
668—72. https://doi.org/10.1302/0301-620X.95B5.30964.

. Aibinder WR, Clark NJ, Schoch BS, Steinmann SP. Assessing glenosphere po-

sition: superior approach versus deltopectoral for reverse shoulder arthro-
plasty. J Shoulder Elbow Surg 2018;27:455—62. https://doi.org/10.1016/
j.jse.2017.10.013.

. Aibinder WR, Schoch BS, Cofield RH, Sperling JW, Sanchez-Sotelo J. Reverse

shoulder arthroplasty in patients with os acromiale. ] Shoulder Elbow Surg
2017;26:1598—602. https://doi.org/10.1016/j.jse.2017.02.012.

. Al-Hadithy N, Domos P, Sewell MD, Pandit R. Reverse shoulder arthroplasty in

41 patients with cuff tear arthropathy with a mean follow-up period of 5
years. ] Shoulder Elbow Surg 2014;23:1662—8. https://doi.org/10.1016/
j.jse.2014.03.001.

. Aleem AW, Feeley BT, Austin LS, Ma CB, Krupp R], Ramsey ML, et al. Effect of

humeral component version on outcomes in reverse shoulder arthroplasty.
Orthopedics 2017;40:179—-86. https://doi.org/10.3928/01477447-
20170117-04.

. Anakwenze O, Fokin A, Chocas M, Dillon MT, Navarro RA, Yian EH, et al.

Complications in total shoulder and reverse total shoulder arthroplasty by
body mass index. ] Shoulder Elbow Surg 2017;26:1230—7. https://doi.org/
10.1016/j.jse.2016.11.055.

. Ascione F, Domos P, Guarrella V, Chelli M, Boileau P, Walch G. Long-term

humeral complications after Grammont-style reverse shoulder arthroplasty.
] Shoulder Elbow Surg 2018;27:1065—71. https://doi.org/10.1016/
jjse.2017.11.028.

. Athwal GS, Faber K]. Outcomes of reverse shoulder arthroplasty using a mini

25-mm glenoid baseplate. Int Orthop 2016;40:109—13. https://doi.org/
10.1007/s00264-015-2945-X.

. Athwal GS, MacDermid ]JC, Reddy KM, Marsh P, Faber K], Drosdowech D. Does

bony increased-offset reverse shoulder arthroplasty decrease scapular
notching? ] Shoulder Elbow Surg 2015;24:468—73. https://doi.org/10.1016/
j.jse.2014.08.015.

Atoun E, Van Tongel A, Hous N, Narvani A, Relwani ], Abraham R, et al. Reverse
shoulder arthroplasty with a short metaphyseal humeral stem. Int Orthop
2014;38:1213—8. https://doi.org/10.1007/s00264-014-2328-8.

Bacle G, Nové-Josserand L, Garaud P, Walch G. Long-term outcomes of reverse
total shoulder arthroplasty: a follow-up of a previous study. ] Bone Joint Surg
Am 2017;99:454—61. https://doi.org/10.2106/JB]JS.16.00223.

Ballas R, Béguin L. Results of a stemless reverse shoulder prosthesis at more
than 58 months mean without loosening. ] Shoulder Elbow Surg 2013;22:
e1—6. https://doi.org/10.1016/j.jse.2012.12.005.

Barco R, Savvidou OD, Sperling JW, Sanchez-Sotelo ], Cofield RH. Complica-
tions in reverse shoulder arthroplasty. EFORT Open Rev 2016;1:72—80.
https://doi.org/10.1302/2058-5241.1.160003.

Baulot E, Sirveaux F, Boileau P. Grammont's idea: the story of Paul Gram-
mont's functional surgery concept and the development of the reverse prin-
ciple. Clin Orthop Relat Res 2011;469:2425—31. https://doi.org/10.1007/
s11999-010-1757-y.

Beck JD, Irgit KS, Andreychik CM, Maloney PJ, Tang X, Harter GD. Reverse total
shoulder arthroplasty in obese patients. ] Hand Surg Am 2013;38:965—70.
https://doi.org/10.1016/j.jhsa.2013.02.025.

Berhouet ], Garaud P, Favard L. Evaluation of the role of glenosphere design
and humeral component retroversion in avoiding scapular notching during
reverse shoulder arthroplasty. ] Shoulder Elbow Surg 2014;23:151—8. https://
doi.org/10.1016/j.jse.2013.05.009.

Bigorre N, Lancigu R, Bizot P, Hubert L. Predictive factors of scapular
notching in patients with reverse shoulder arthroplasty. Orthop Trau-
matol Surg Res 2014;100:711—4. https://doi.org/10.1016/j.0tsr.2014.
06.013.

Bitzer A, Rojas ], Patten IS, Joseph ], McFarland EG. Incidence and risk factors
for aseptic baseplate loosening of reverse total shoulder arthroplasty.
] Shoulder Elbow Surg 2018;27:2145—52. https://doi.org/10.1016/
j.jse.2018.05.034.

Black EM, Roberts SM, Siegel E, Yannopoulos P, Higgins LD, Warner . Failure
after reverse total shoulder arthroplasty: what is the success of component
revision? J Shoulder Elbow Surg 2015;24:1908—14. https://doi.org/10.1016/
j.jse.2015.05.029.

Black EM, Roberts SM, Siegel E, Yannopoulos P, Higgins LD, Warner JJ. Reverse
shoulder arthroplasty as salvage for failed prior arthroplasty in patients 65
years of age or younger. ] Shoulder Elbow Surg 2014;23:1036—42. https://
doi.org/10.1016/j.jse.2014.02.019.

Bogle A, Budge M, Richman A, Miller R], Wiater JM, Voloshin I. Radiographic
results of fully uncemented trabecular metal reverse shoulder system at 1 and
2 years' follow-up. ] Shoulder Elbow Surg 2013;22:e20-5. https://doi.org/
10.1016/j.j5€.2012.08.019.

Boileau P, Gonzalez JF, Chuinard C, Bicknell R, Walch G. Reverse total shoulder
arthroplasty after failed rotator cuff surgery. ] Shoulder Elbow Surg 2009;18:
600—6. https://doi.org/10.1016/j.jse.2009.03.011.

Boileau P, Melis B, Duperron D, Moineau G, Rumian AP, Han Y. Revision
surgery of reverse shoulder arthroplasty. ] Shoulder Elbow Surg 2013;22:
1359—70. https://doi.org/10.1016/j.jse.2013.02.004.

Boileau P, Moineau G, Roussanne Y, O'Shea K. Bony increased-offset reversed
shoulder arthroplasty: minimizing scapular impingement while maximizing
glenoid fixation. Clin Orthop Relat Res 2011;469:2558—67. https://doi.org/
10.1007/s11999-011-1775-4.


https://doi.org/10.1302/0301-620X.95B5.30964
https://doi.org/10.1016/j.jse.2017.10.013
https://doi.org/10.1016/j.jse.2017.10.013
https://doi.org/10.1016/j.jse.2017.02.012
https://doi.org/10.1016/j.jse.2014.03.001
https://doi.org/10.1016/j.jse.2014.03.001
https://doi.org/10.3928/01477447-20170117-04
https://doi.org/10.3928/01477447-20170117-04
https://doi.org/10.1016/j.jse.2016.11.055
https://doi.org/10.1016/j.jse.2016.11.055
https://doi.org/10.1016/j.jse.2017.11.028
https://doi.org/10.1016/j.jse.2017.11.028
https://doi.org/10.1007/s00264-015-2945-x
https://doi.org/10.1007/s00264-015-2945-x
https://doi.org/10.1016/j.jse.2014.08.015
https://doi.org/10.1016/j.jse.2014.08.015
https://doi.org/10.1007/s00264-014-2328-8
https://doi.org/10.2106/JBJS.16.00223
https://doi.org/10.1016/j.jse.2012.12.005
https://doi.org/10.1302/2058-5241.1.160003
https://doi.org/10.1007/s11999-010-1757-y
https://doi.org/10.1007/s11999-010-1757-y
https://doi.org/10.1016/j.jhsa.2013.02.025
https://doi.org/10.1016/j.jse.2013.05.009
https://doi.org/10.1016/j.jse.2013.05.009
https://doi.org/10.1016/j.otsr.2014.06.013
https://doi.org/10.1016/j.otsr.2014.06.013
https://doi.org/10.1016/j.jse.2018.05.034
https://doi.org/10.1016/j.jse.2018.05.034
https://doi.org/10.1016/j.jse.2015.05.029
https://doi.org/10.1016/j.jse.2015.05.029
https://doi.org/10.1016/j.jse.2014.02.019
https://doi.org/10.1016/j.jse.2014.02.019
https://doi.org/10.1016/j.jse.2012.08.019
https://doi.org/10.1016/j.jse.2012.08.019
https://doi.org/10.1016/j.jse.2009.03.011
https://doi.org/10.1016/j.jse.2013.02.004
https://doi.org/10.1007/s11999-011-1775-4
https://doi.org/10.1007/s11999-011-1775-4

S.S. Shah, B.T. Gaal, A.M. Roche et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Boileau P, Morin-Salvo N, Gauci MO, Seeto BL, Chalmers PN, Holzer N, et al.
Angled BIO-RSA (bony-increased offset-reverse shoulder arthroplasty): a so-
lution for the management of glenoid bone loss and erosion. ] Shoulder Elbow
Surg 2017;26:2133—42. https://doi.org/10.1016/j.jse.2017.05.024.

Boileau P, Watkinson D, Hatzidakis AM, Hovorka I. Neer Award 2005: the
Grammont reverse shoulder prosthesis: results in cuff tear arthritis, fracture
sequelae, and revision arthroplasty. ] Shoulder Elbow Surg 2006;15:527—40.
https://doi.org/10.1016/j.jse.2006.01.003.

Bois A], Knight P, Alhojailan K, Bohsali KI. Clinical outcomes and complications
of reverse shoulder arthroplasty used for failed prior shoulder surgery: a
systematic review and meta-analysis. JSES Int 2020;4:156—68. https://
doi.org/10.1016/j.jses.2019.10.108.

Bonnevialle N, Tournier C, Clavert P, Ohl X, Sirveaux F, Saragaglia D, et al.
Hemiarthroplasty versus reverse shoulder arthroplasty in 4-part displaced
fractures of the proximal humerus: multicenter retrospective study. Orthop
Traumatol Surg Res 2016;102:569—73. https://doi.org/10.1016/
j.otsr.2016.02.014.

Budge MD, Moravek JE, Zimel MN, Nolan EM, Wiater JM. Reverse total
shoulder arthroplasty for the management of failed shoulder arthroplasty
with proximal humeral bone loss: is allograft augmentation necessary?
J Shoulder Elbow Surg 2013;22:739—44. https://doi.org/10.1016/
j.jse.2012.08.008.

Burrus MT, Werner BC, Cancienne JM, Gwathmey FW, Brockmeier SF.
Shoulder arthroplasty in patients with Parkinson's disease is associated with
increased complications. J Shoulder Elbow Surg 2015;24:1881—7. https://
doi.org/10.1016/j.jse.2015.05.048.

Cazeneuve JF, Cristofari DJ. Long term functional outcome following reverse
shoulder arthroplasty in the elderly. Orthop Traumatol Surg Res 2011;97:
583—-9. https://doi.org/10.1016/j.0tsr.2011.03.025.

Cazeneuve JF, Cristofari D]. The reverse shoulder prosthesis in the treatment
of fractures of the proximal humerus in the elderly. ] Bone Joint Surg Br
2010;92:535-9. https://doi.org/10.1302/0301-620X.92B4.22450.

Chalmers PN, Van Thiel GS, Trenhaile SW. Surgical exposures of the shoulder.
J Am Acad Orthop Surg 2016;24:250—8. https://doi.org/10.5435/JAAOS-D-14-
00342.

Cheung E, Willis M, Walker M, Clark R, Frankle MA. Complications in reverse
total shoulder arthroplasty. ] Am Acad Orthop Surg 2011;19:439—49.

Cho CH, Song KS, Koo TW. Clinical outcomes and complications during the
learning curve for reverse total shoulder arthroplasty: an analysis of the first
40 cases. Clin Orthop Surg 2017;9:213-7. https://doi.org/10.4055/
€i0s.2017.9.2.213.

Collin P, Liu X, Denard PJ, Gain S, Nowak A, Lidermann A. Standard versus
bony increased-offset reverse shoulder arthroplasty: a retrospective
comparative cohort study. ] Shoulder Elbow Surg 2018;27:59—64. https://
doi.org/10.1016/j.jse.2017.07.020.

Crosby LA, Wright TW, Yu S, Zuckerman ]JD. Conversion to reverse total
shoulder arthroplasty with and without humeral stem retention: the role of a
convertible-platform stem. ] Bone Joint Surg Am 2017;99:736—42. https://
doi.org/10.2106/JBJS.16.00683.

Cuff D, Clark R, Pupello D, Frankle M. Reverse shoulder arthroplasty for the
treatment of rotator cuff deficiency: a concise follow-up, at a minimum of five
years, of a previous report. ] Bone Joint Surg Am 2012;94:1996—2000. https://
doi.org/10.2106/JBJS.K.01206.

Cuff DJ, Pupello DR. Comparison of hemiarthroplasty and reverse shoulder
arthroplasty for the treatment of proximal humeral fractures in elderly pa-
tients. ] Bone Joint Surg Am 2013;95:2050-5. https://doi.org/10.2106/
JBJS.L.01637.

Cuff D, Pupello D, Virani N, Levy ], Frankle M. Reverse shoulder arthroplasty
for the treatment of rotator cuff deficiency. ] Bone Joint Surg Am 2008;90:
1244-51. https://doi.org/10.2106/JBJS.G.00775.

Cuff DJ, Pupello DR, Santoni BG, Clark RE, Frankle MA. Reverse shoulder
arthroplasty for the treatment of rotator cuff deficiency: a concise follow-up,
at a minimum of 10 years, of previous reports. ] Bone Joint Surg Am 2017;99:
1895-9. https://doi.org/10.2106/JBJS.17.00175.

Cuff DJ, Santoni BG. Anatomic total shoulder arthroplasty versus reverse total
shoulder arthroplasty for post-capsulorrhaphy arthropathy. Orthopedics
2018;41:275—80. https://doi.org/10.3928/01477447-20180724-05.

Cuff DJ, Santoni BG. Reverse shoulder arthroplasty in the weight-bearing
versus non-weight-bearing shoulder: mid-term outcomes with minimum 5-
year follow-up. Orthopedics 2018;41:e328—33. https://doi.org/10.3928/
01477447-20180213-10.

. Cuff DJ, Virani NA, Levy ], Frankle MA, Derasari A, Hines B, et al. The treatment

of deep shoulder infection and glenohumeral instability with debridement,
reverse shoulder arthroplasty and postoperative antibiotics. ] Bone Joint Surg
Br 2008;90:336—42. https://doi.org/10.1302/0301-620X.90B3.19408.

De Biase CF, Delcogliano M, Borroni M, Castagna A. Reverse total shoulder
arthroplasty: radiological and clinical result using an eccentric glenosphere.
Musculoskelet Surg 2012;96(Suppl 1):S27—34. https://doi.org/10.1007/
s12306-012-0193-4.

De Biase CF, Ziveri G, Delcogliano M, de Caro F, Gumina S, Borroni M, et al. The
use of an eccentric glenosphere compared with a concentric glenosphere in
reverse total shoulder arthroplasty: two-year minimum follow-up results. Int
Orthop 2013;37:1949-55. https://doi.org/10.1007/s00264-013-1947-9.

de Wilde LF, Poncet D, Middernacht B, Ekelund A. Prosthetic overhang is the
most effective way to prevent scapular conflict in a reverse total shoulder

939

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

JSES International 4 (2020) 929—943

prosthesis.  Acta  Orthop
17453674.2010.538354.
Dillon MT, Ake CF, Burke MF, Singh A, Yian EH, Paxton EW, et al. The Kaiser
Permanente shoulder arthroplasty registry: results from 6,336 primary
shoulder arthroplasties. Acta Orthop 2015;86:286—92. https://doi.org/
10.3109/17453674.2015.1024565.

Dillon MT, Chan PH, Inacio MCS, Singh A, Yian EH, Navarro RA. Yearly trends
in elective shoulder arthroplasty, 2005-2013. Arthritis Care Res (Hoboken)
2017;69:1574—81. https://doi.org/10.1002/acr.23167.

Eichinger JK, Galvin JW. Management of complications after total shoulder
arthroplasty. Curr Rev Musculoskelet Med 2015;8:83—91. https://doi.org/
10.1007/s12178-014-9251-x.

Ek ET, Neukom L, Catanzaro S, Gerber C. Reverse total shoulder arthroplasty
for massive irreparable rotator cuff tears in patients younger than 65 years
old: results after five to fifteen years. ] Shoulder Elbow Surg 2013;22:
1199-208. https://doi.org/10.1016/j.jse.2012.11.016.

Ekelund A, Nyberg R. Can reverse shoulder arthroplasty be used with few
complications in rheumatoid arthritis? Clin Orthop Relat Res 2011;469:
2483-8. https://doi.org/10.1007/s11999-010-1654-4.

Ernstbrunner L, Andronic O, Grubhofer F, Camenzind RS, Wieser K, Gerber C.
Long-term results of reverse total shoulder arthroplasty for rotator cuff
dysfunction: a systematic review of longitudinal outcomes. ] Shoulder Elbow
Surg 2019;28:774—81. https://doi.org/10.1016/j.jse.2018.10.005.
Ernstbrunner L, Suter A, Catanzaro S, Rahm S, Gerber C. Reverse total shoulder
arthroplasty for massive, irreparable rotator cuff tears before the age of 60
years: long-term results. ] Bone Joint Surg Am 2017;99:1721-9. https://
doi.org/10.2106/JBJS.17.00095.

Falaise V, Levigne C, Favard L, SOFEC. Scapular notching in reverse shoulder
arthroplasties: the influence of glenometaphyseal angle. Orthop Traumatol
Surg Res 2011;97:S131-7. https://doi.org/10.1016/j.0tsr.2011.06.007.

Farley KX, Schwartz AM, Boden SH, Daly CA, Gottschalk MB, Wagner ER.
Defining the volume-outcome relationship in reverse shoulder arthroplasty: a
nationwide analysis. ] Bone Joint Surg Am 2020;102:388—96. https://doi.org/
10.2106/jbjs.19.01012.

Farshad M, Gerber C. Reverse total shoulder arthroplasty—from the most to
the least common complication. Int Orthop 2010;34:1075—82. https://
doi.org/10.1007/s00264-010-1125-2.

Favard L, Katz D, Colmar M, Benkalfate T, Thomazeau H, Emily S. Total
shoulder arthroplasty—arthroplasty for glenohumeral arthropathies: results
and complications after a minimum follow-up of 8 years according to the type
of arthroplasty and etiology. Orthop Traumatol Surg Res 2012;98:541-7.
https://doi.org/10.1016/j.0tsr.2012.04.003.

Favard L, Levigne C, Nerot C, Gerber C, De Wilde L, Mole D. Reverse prostheses
in arthropathies with cuff tear: are survivorship and function maintained over
time? Clin Orthop Relat Res 2011;469:2469—75. https://doi.org/10.1007/
$11999-011-1833-y.

Ferrier A, Blasco L, Marcoin A, De Boissieu P, Siboni R, Nérot C, et al. Geometric
modification of the humeral position after total reverse shoulder arthroplasty:
what is the optimal lowering of the humerus? ] Shoulder Elbow Surg 2018;27:
2207—-13. https://doi.org/10.1016/j.jse.2018.05.027.

Flatow EL, Bigliani LU. Tips of the trade. Locating and protecting the axillary
nerve in shoulder surgery: the tug test. Orthop Rev 1992;21:503—5.
Florschiitz AV, Lane PD, Crosby LA. Infection after primary anatomic versus
primary reverse total shoulder arthroplasty. ] Shoulder Elbow Surg 2015;24:
1296—301. https://doi.org/10.1016/j.jse.2014.12.036.

Flury MP, Frey P, Goldhahn ], Schwyzer HK, Simmen BR. Reverse shoulder
arthroplasty as a salvage procedure for failed conventional shoulder
replacement due to cuff failure—midterm results. Int Orthop 2011;35:53—60.
https://doi.org/10.1007/s00264-010-0990-z.

Frankle M, Siegal S, Pupello D, Saleem A, Mighell M, Vasey M. The reverse
shoulder prosthesis for glenohumeral arthritis associated with severe rotator
cuff deficiency. A minimum two-year follow-up study of sixty patients. ] Bone
Joint Surg Am 2005;87:1697—705. https://doi.org/10.2106/JBJS.D.02813.
Friedman R, Flurin PH, Wright TW, Zuckerman JD, Roche CP. Comparison of reverse
total shoulder arthroplasty outcomes with and without subscapularis repair.
J Shoulder Elbow Surg 2017;26:662—8. https://doi.org/10.1016/j.jse.2016.09.027.
Garofalo R, Flanagin B, Castagna A, Lo EY, Krishnan SG. Long stem reverse
shoulder arthroplasty and cerclage for treatment of complex long segment
proximal humeral fractures with diaphyseal extension in patients more than
65 years old. Injury 2015;46:2379-83. https://doi.org/10.1016/
j-injury.2015.09.024.

Gerber C, Canonica S, Catanzaro S, Ernstbrunner L. Longitudinal observational
study of reverse total shoulder arthroplasty for irreparable rotator cuff
dysfunction: results after 15 years. ] Shoulder Elbow Surg 2018;27:831-8.
https://doi.org/10.1016/j.jse.2017.10.037.

Gilot G, Alvarez-Pinzon AM, Wright TW, Flurin PH, Krill M, Routman HD, et al.
The incidence of radiographic aseptic loosening of the humeral component in
reverse total shoulder arthroplasty. ] Shoulder Elbow Surg 2015;24:1555-9.
https://doi.org/10.1016/j.jse.2015.02.007.

Giuseffi SA, Streubel P, Sperling ], Sanchez-Sotelo ]. Short-stem uncemented
primary reverse shoulder arthroplasty: clinical and radiological outcomes.
Bone Joint ] 2014;96-B:526—9. https://doi.org/10.1302/0301-
620X.96B3.32702.

Grammont PM, Baulot E. Delta shoulder prosthesis for rotator cuff rupture.
Orthopedics 1993;16:65—8.

2010;81:719—-26.  https://doi.org/10.3109/


https://doi.org/10.1016/j.jse.2017.05.024
https://doi.org/10.1016/j.jse.2006.01.003
https://doi.org/10.1016/j.jses.2019.10.108
https://doi.org/10.1016/j.jses.2019.10.108
https://doi.org/10.1016/j.otsr.2016.02.014
https://doi.org/10.1016/j.otsr.2016.02.014
https://doi.org/10.1016/j.jse.2012.08.008
https://doi.org/10.1016/j.jse.2012.08.008
https://doi.org/10.1016/j.jse.2015.05.048
https://doi.org/10.1016/j.jse.2015.05.048
https://doi.org/10.1016/j.otsr.2011.03.025
https://doi.org/10.1302/0301-620X.92B4.22450
https://doi.org/10.5435/JAAOS-D-14-00342
https://doi.org/10.5435/JAAOS-D-14-00342
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref34
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref34
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref34
https://doi.org/10.4055/cios.2017.9.2.213
https://doi.org/10.4055/cios.2017.9.2.213
https://doi.org/10.1016/j.jse.2017.07.020
https://doi.org/10.1016/j.jse.2017.07.020
https://doi.org/10.2106/JBJS.16.00683
https://doi.org/10.2106/JBJS.16.00683
https://doi.org/10.2106/JBJS.K.01206
https://doi.org/10.2106/JBJS.K.01206
https://doi.org/10.2106/JBJS.L.01637
https://doi.org/10.2106/JBJS.L.01637
https://doi.org/10.2106/JBJS.G.00775
https://doi.org/10.2106/JBJS.17.00175
https://doi.org/10.3928/01477447-20180724-05
https://doi.org/10.3928/01477447-20180213-10
https://doi.org/10.3928/01477447-20180213-10
https://doi.org/10.1302/0301-620X.90B3.19408
https://doi.org/10.1007/s12306-012-0193-4
https://doi.org/10.1007/s12306-012-0193-4
https://doi.org/10.1007/s00264-013-1947-9
https://doi.org/10.3109/17453674.2010.538354
https://doi.org/10.3109/17453674.2010.538354
https://doi.org/10.3109/17453674.2015.1024565
https://doi.org/10.3109/17453674.2015.1024565
https://doi.org/10.1002/acr.23167
https://doi.org/10.1007/s12178-014-9251-x
https://doi.org/10.1007/s12178-014-9251-x
https://doi.org/10.1016/j.jse.2012.11.016
https://doi.org/10.1007/s11999-010-1654-4
https://doi.org/10.1016/j.jse.2018.10.005
https://doi.org/10.2106/JBJS.17.00095
https://doi.org/10.2106/JBJS.17.00095
https://doi.org/10.1016/j.otsr.2011.06.007
https://doi.org/10.2106/jbjs.19.01012
https://doi.org/10.2106/jbjs.19.01012
https://doi.org/10.1007/s00264-010-1125-2
https://doi.org/10.1007/s00264-010-1125-2
https://doi.org/10.1016/j.otsr.2012.04.003
https://doi.org/10.1007/s11999-011-1833-y
https://doi.org/10.1007/s11999-011-1833-y
https://doi.org/10.1016/j.jse.2018.05.027
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref61
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref61
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref61
https://doi.org/10.1016/j.jse.2014.12.036
https://doi.org/10.1007/s00264-010-0990-z
https://doi.org/10.2106/JBJS.D.02813
https://doi.org/10.1016/j.jse.2016.09.027
https://doi.org/10.1016/j.injury.2015.09.024
https://doi.org/10.1016/j.injury.2015.09.024
https://doi.org/10.1016/j.jse.2017.10.037
https://doi.org/10.1016/j.jse.2015.02.007
https://doi.org/10.1302/0301-620X.96B3.32702
https://doi.org/10.1302/0301-620X.96B3.32702
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref70
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref70
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref70

S.S. Shah, B.T. Gaal, A.M. Roche et al.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Groh GI, Groh GM. Complications rates, reoperation rates, and the learning
curve in reverse shoulder arthroplasty. J Shoulder Elbow Surg 2014;23:
388—94. https://doi.org/10.1016/j.jse.2013.06.002.

Grubhofer F, Wieser K, Meyer DC, Catanzaro S, Beeler S, Riede U, et al. Reverse
total shoulder arthroplasty for acute head-splitting, 3- and 4-part fractures of
the proximal humerus in the elderly. ] Shoulder Elbow Surg 2016;25:1690—8.
https://doi.org/10.1016/j.jse.2016.02.024.

Grubhofer F, Wieser K, Meyer DC, Catanzaro S, Schiirholz K, Gerber C. Reverse
total shoulder arthroplasty for failed open reduction and internal fixation of
fractures of the proximal humerus. J Shoulder Elbow Surg 2017;26:92—100.
https://doi.org/10.1016/j.jse.2016.05.020.

Gupta A, Thussbas C, Koch M, Seebauer L. Management of glenoid bone de-
fects with reverse shoulder arthroplasty—surgical technique and clinical
outcomes. ] Shoulder Elbow Surg 2018;27:853—62. https://doi.org/10.1016/
j.jse.2017.10.004.

Harman M, Frankle M, Vasey M, Banks S. Initial glenoid component fixation in
"reverse" total shoulder arthroplasty: a biomechanical evaluation. ] Shoulder
Elbow Surg 2005;14:162S—7S. https://doi.org/10.1016/j.jse.2004.09.030.
Harmsen S, Casagrande D, Norris T. "Shaped" humeral head autograft reverse
shoulder arthroplasty: treatment for primary glenohumeral osteoarthritis
with significant posterior glenoid bone loss (B2, B3, and C type). Orthopade
2017;46:1045—54. https://doi.org/10.1007/s00132-017-3497-0.

Harmsen SM, Norris TR. Radiographic changes and clinical outcomes associ-
ated with an adjustable diaphyseal press-fit humeral stem in primary reverse
shoulder arthroplasty. ] Shoulder Elbow Surg 2017;26:1589—97. https://
doi.org/10.1016/j.jse.2017.02.006.

Hasan SS, Gordon MP, Ramsey JA, Levy MS. Reverse shoulder arthroplasty
using an implant with a lateral center of rotation: outcomes, complications,
and the influence of experience. Am ] Orthop (Belle Mead NJ) 2014;43:
E194-9.

Hatta T, Werthel JD, Wagner ER, Itoi E, Steinmann SP, Cofield RH, et al. Effect
of smoking on complications following primary shoulder arthroplasty.
J  Shoulder Elbow Surg 2017;26:1—6. https://doi.org/10.1016/
j.jse.2016.09.011.

Hattrup S], Sanchez-Sotelo ], Sperling JW, Cofield RH. Reverse shoulder
replacement for patients with inflammatory arthritis. ] Hand Surg Am
2012;37:1888—94. https://doi.org/10.1016/j.jhsa.2012.05.015.

Hattrup SJ, Waldrop R, Sanchez-Sotelo ]. Reverse total shoulder arthroplasty
for posttraumatic sequelae. ] Orthop Trauma 2016;30:e41—7. https://doi.org/
10.1097/BOT.0000000000000416.

Hernandez NM, Chalmers BP, Wagner ER, Sperling JW, Cofield RH, Sanchez-
Sotelo J. Revision to reverse total shoulder arthroplasty restores stability for
patients with unstable shoulder prostheses. Clin Orthop Relat Res 2017;475:
2716—22. https://doi.org/10.1007/s11999-017-5429-z.

Holcomb JO, Hebert D], Mighell MA, Dunning PE, Pupello DR, Pliner MD, et al.
Reverse shoulder arthroplasty in patients with rheumatoid arthritis.
J Shoulder Elbow Surg 2010;19:1076—84. https://doi.org/10.1016/
j.jse.2009.11.049.

Holschen M, Franetzki B, Witt KA, Liem D, Steinbeck ]. Conversions from
anatomic shoulder replacements to reverse total shoulder arthroplasty: do
the indications for initial surgery influence the clinical outcome after revision
surgery? Arch Orthop Trauma Surg 2017;137:167—72. https://doi.org/
10.1007/s00402-016-2595-5.

Holschen M, Franetzki B, Witt KA, Liem D, Steinbeck ]. Is reverse total
shoulder arthroplasty a feasible treatment option for failed shoulder arthro-
plasty? A retrospective study of 44 cases with special regards to stemless and
stemmed primary implants. Musculoskelet Surg 2017;101:173—80. https://
doi.org/10.1007/s12306-017-0467-y.

Holschen M, Siemes MK, Witt KA, Steinbeck ]. Five-year outcome after con-
version of a hemiarthroplasty when used for the treatment of a proximal
humeral fracture to a reverse total shoulder arthroplasty. Bone Joint ]
2018;100-B:761—6. https://doi.org/10.1302/0301-620X.100B6.B]J]-2017-
1280.R1.

lacobellis C, Berizzi A, Biz C, Camporese A. Treatment of proximal humeral
fractures with reverse shoulder arthroplasty in elderly patients. Muscu-
loskelet Surg 2015;99:39—44. https://doi.org/10.1007/s12306-014-0331-2.
Irlenbusch U, Kohut G. Evaluation of a new baseplate in reverse total shoulder
arthroplasty—comparison of biomechanical testing of stability with roent-
genological follow up criteria. Orthop Traumatol Surg Res 2015;101:185-90.
https://doi.org/10.1016/j.0tsr.2014.11.015.

Izquierdo-Ferndndez A, Minarro JC, Carpintero-Lluch R, Estévez-Torres EM,
Carpintero-Benitez P. Reverse shoulder arthroplasty in obese patients: anal-
ysis of functionality in the medium-term. Arch Orthop Trauma Surg
2018;138:1-5. https://doi.org/10.1007/s00402-017-2816-6.

Ji JH, Jeong JY, Song HS, Ok JH, Yang SJ, Jeon BK, et al. Early clinical results of
reverse total shoulder arthroplasty in the Korean population. J Shoulder
Elbow Surg 2013;22:1102—7. https://doi.org/10.1016/j.jse.2012.07.019.
Johnson CC, Sodha S, Garzon-Muvdi ], Petersen SA, McFarland EG. Does pre-
operative American Society of Anesthesiologists score relate to complications
after total shoulder arthroplasty? Clin Orthop Relat Res 2014;472:1589—96.
https://doi.org/10.1007/s11999-013-3400-1.

Jones RB, Wright TW, Roche CP. Bone grafting the glenoid versus use of
augmented glenoid baseplates with reverse shoulder arthroplasty. Bull Hosp
Jt Dis (2013) 2015;73(Suppl 1):5129—35.

940

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

112.

113.

114.

115.

JSES International 4 (2020) 929—943

Jones RB, Wright TW, Zuckerman JD. Reverse total shoulder arthroplasty with
structural bone grafting of large glenoid defects. ] Shoulder Elbow Surg
2016;25:1425—32. https://doi.org/10.1016/j.jse.2016.01.016.

Jonusas ], Banyté R, Ryliskis S. Clinical and radiological outcomes after reverse
shoulder arthroplasty with less medialized endoprosthesis after mean follow-
up time of 45 months. Arch Orthop Trauma Surg 2017;137:1201-5. https://
doi.org/10.1007/s00402-017-2751-6.

Kadum B, Mukka S, Englund E, Sayed-Noor A, Sjodén G. Clinical and radio-
logical outcome of the Total Evolutive Shoulder System (TESS) reverse
shoulder arthroplasty: a prospective comparative non-randomised study. Int
Orthop 2014;38:1001—6. https://doi.org/10.1007/s00264-013-2277-7.
Kaisidis A, Pantos PG, Heger H, Bochlos D, Selimas S, Oikonomoulas V. Reverse
shoulder arthroplasty for the treatment of three and four part fractures of the
proximal humerus in patients older than 75 years old. Acta Orthop Belg
2014;80:99—105.

Katz D, Valenti P, Kany J, Elkholti K, Werthel ]JD. Does lateralisation of the centre of
rotation in reverse shoulder arthroplasty avoid scapular notching? Clinical and
radiological review of one hundred and forty cases with forty five months of follow-
up. Int Orthop 2016;40:99—108. https://doi.org/10.1007/s00264-015-2976-3.
Keener JD, Chalmers PN, Yamaguchi K. The humeral implant in shoulder
arthroplasty. J] Am Acad Orthop Surg 2017;25:427-38. https://doi.org/
10.5435/JAAOS-D-15-00682.

Kelly JD, Zhao JX, Hobgood ER, Norris TR. Clinical results of revision shoulder
arthroplasty using the reverse prosthesis. ] Shoulder Elbow Surg 2012;21:
1516—25. https://doi.org/10.1016/j.jse.2011.11.021.

Kempton LB, Balasubramaniam M, Ankerson E, Wiater JM. A radiographic
analysis of the effects of glenosphere position on scapular notching following
reverse total shoulder arthroplasty. ] Shoulder Elbow Surg 2011;20:968—74.
https://doi.org/10.1016/j.jse.2010.11.026.

Kiet TK, Feeley BT, Naimark M, Gajiu T, Hall SL, Chung TT, et al. Outcomes after
shoulder replacement: comparison between reverse and anatomic total
shoulder arthroplasty. ] Shoulder Elbow Surg 2015;24:179—85. https://
doi.org/10.1016/j.jse.2014.06.039.

King JJ, Farmer KW, Struk AM, Wright TW. Uncemented versus cemented
humeral stem fixation in reverse shoulder arthroplasty. Int Orthop 2015;39:
291-8. https://doi.org/10.1007/s00264-014-2593-6.

Klein SM, Dunning P, Mulieri P, Pupello D, Downes K, Frankle MA. Effects of
acquired glenoid bone defects on surgical technique and clinical outcomes in
reverse shoulder arthroplasty. ] Bone Joint Surg Am 2010;92:1144—54.
https://doi.org/10.2106/JBJS.1.00778.

Ko JK, Tompson ]D, Sholder DS, Black EM, Abboud JA. Heterotopic ossification
of the long head of the triceps after reverse total shoulder arthroplasty.
] Shoulder Elbow Surg 2016;25:1810—5. https://doi.org/10.1016/
j.jse.2016.03.006.

Kohan EM, Chalmers PN, Salazar D, Keener ]D, Yamaguchi K, Chamberlain AM.
Dislocation following reverse total shoulder arthroplasty. ] Shoulder Elbow
Surg 2017;26:1238—45. https://doi.org/10.1016/j.jse.2016.12.073.

Kowalsky MS, Galatz LM, Shia DS, Steger-May K, Keener ]D. The relationship
between scapular notching and reverse shoulder arthroplasty prosthesis
design. ] Shoulder Elbow Surg 2012;21:1430—41. https://doi.org/10.1016/
j-jse.2011.08.051.

Kurowicki J, Triplet JJ, Momoh E, Moor MA, Levy ]JC. Reverse shoulder pros-
thesis in the treatment of locked anterior shoulders: a comparison with
classic reverse shoulder indications. ] Shoulder Elbow Surg 2016;25:1954—60.
https://doi.org/10.1016/j.jse.2016.04.019.

Lidermann A, Liibbeke A, Mélis B, Stern R, Christofilopoulos P, Bacle G, et al.
Prevalence of neurologic lesions after total shoulder arthroplasty. ] Bone Joint
Surg Am 2011;93:1288—-93. https://doi.org/10.2106/]B]S.].00369.

Leathers MP, lalenti MN, Feeley BT, Zhang AL, Ma CB. Do younger patients
have better results after reverse total shoulder arthroplasty? ] Shoulder Elbow
Surg 2018;27:524—8. https://doi.org/10.1016/j.jse.2017.11.014.

Lehtimaki K, Rasmussen JV, Mokka ], Salomonsson B, Hole R, Jensen SL, et al.
Risk and risk factors for revision after primary reverse shoulder arthroplasty
for cuff tear arthropathy and osteoarthritis: a Nordic Arthroplasty Register
Association study. ] Shoulder Elbow Surg 2018;27:1596—601. https://doi.org/
10.1016/j.js€.2018.02.060.

. Lenarz C, Shishani Y, McCrum C, Nowinski R], Edwards TB, Gobezie R. Is

reverse shoulder arthroplasty appropriate for the treatment of fractures in the
older patient? Early observations. Clin Orthop Relat Res 2011;469:3324—31.
https://doi.org/10.1007/s11999-011-2055-z.

Leschinger T, Hackl M, Buess E, Lappen S, Scaal M, Miiller LP, et al. The risk of
suprascapular and axillary nerve injury in reverse total shoulder arthroplasty:
an anatomic study. Injury 2017;48:2042—9. https://doi.org/10.1016/
j-injury.2017.06.024.

Leung B, Horodyski M, Struk AM, Wright TW. Functional outcome of hemi-
arthroplasty compared with reverse total shoulder arthroplasty in the treat-
ment of rotator cuff tear arthropathy. ] Shoulder Elbow Surg 2012;21:319-23.
https://doi.org/10.1016/j.jse.2011.05.023.

Lévigne C, Garret J, Boileau P, Alami G, Favard L, Walch G. Scapular notching in
reverse shoulder arthroplasty: is it important to avoid it and how? Clin
Orthop Relat Res 2011;469:2512—20. https://doi.org/10.1007/s11999-010-
1695-8.

Levy ], Frankle M, Mighell M, Pupello D. The use of the reverse shoulder
prosthesis for the treatment of failed hemiarthroplasty for proximal humeral


https://doi.org/10.1016/j.jse.2013.06.002
https://doi.org/10.1016/j.jse.2016.02.024
https://doi.org/10.1016/j.jse.2016.05.020
https://doi.org/10.1016/j.jse.2017.10.004
https://doi.org/10.1016/j.jse.2017.10.004
https://doi.org/10.1016/j.jse.2004.09.030
https://doi.org/10.1007/s00132-017-3497-0
https://doi.org/10.1016/j.jse.2017.02.006
https://doi.org/10.1016/j.jse.2017.02.006
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref78
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref78
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref78
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref78
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref78
https://doi.org/10.1016/j.jse.2016.09.011
https://doi.org/10.1016/j.jse.2016.09.011
https://doi.org/10.1016/j.jhsa.2012.05.015
https://doi.org/10.1097/BOT.0000000000000416
https://doi.org/10.1097/BOT.0000000000000416
https://doi.org/10.1007/s11999-017-5429-z
https://doi.org/10.1016/j.jse.2009.11.049
https://doi.org/10.1016/j.jse.2009.11.049
https://doi.org/10.1007/s00402-016-2595-5
https://doi.org/10.1007/s00402-016-2595-5
https://doi.org/10.1007/s12306-017-0467-y
https://doi.org/10.1007/s12306-017-0467-y
https://doi.org/10.1302/0301-620X.100B6.BJJ-2017-1280.R1
https://doi.org/10.1302/0301-620X.100B6.BJJ-2017-1280.R1
https://doi.org/10.1007/s12306-014-0331-2
https://doi.org/10.1016/j.otsr.2014.11.015
https://doi.org/10.1007/s00402-017-2816-6
https://doi.org/10.1016/j.jse.2012.07.019
https://doi.org/10.1007/s11999-013-3400-1
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref92
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref92
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref92
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref92
https://doi.org/10.1016/j.jse.2016.01.016
https://doi.org/10.1007/s00402-017-2751-6
https://doi.org/10.1007/s00402-017-2751-6
https://doi.org/10.1007/s00264-013-2277-7
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref96
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref96
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref96
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref96
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref96
https://doi.org/10.1007/s00264-015-2976-3
https://doi.org/10.5435/JAAOS-D-15-00682
https://doi.org/10.5435/JAAOS-D-15-00682
https://doi.org/10.1016/j.jse.2011.11.021
https://doi.org/10.1016/j.jse.2010.11.026
https://doi.org/10.1016/j.jse.2014.06.039
https://doi.org/10.1016/j.jse.2014.06.039
https://doi.org/10.1007/s00264-014-2593-6
https://doi.org/10.2106/JBJS.I.00778
https://doi.org/10.1016/j.jse.2016.03.006
https://doi.org/10.1016/j.jse.2016.03.006
https://doi.org/10.1016/j.jse.2016.12.073
https://doi.org/10.1016/j.jse.2011.08.051
https://doi.org/10.1016/j.jse.2011.08.051
https://doi.org/10.1016/j.jse.2016.04.019
https://doi.org/10.2106/JBJS.J.00369
https://doi.org/10.1016/j.jse.2017.11.014
https://doi.org/10.1016/j.jse.2018.02.060
https://doi.org/10.1016/j.jse.2018.02.060
https://doi.org/10.1007/s11999-011-2055-z
https://doi.org/10.1016/j.injury.2017.06.024
https://doi.org/10.1016/j.injury.2017.06.024
https://doi.org/10.1016/j.jse.2011.05.023
https://doi.org/10.1007/s11999-010-1695-8
https://doi.org/10.1007/s11999-010-1695-8

S.S. Shah, B.T. Gaal, A.M. Roche et al.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

fracture. ] Bone Joint Surg Am 2007;89:292—300. https://doi.org/10.2106/
JBJS.E.01310.

Levy JC, Virani N, Pupello D, Frankle M. Use of the reverse shoulder prosthesis
for the treatment of failed hemiarthroplasty in patients with glenohumeral
arthritis and rotator cuff deficiency. ] Bone Joint Surg Br 2007;89:189—95.
https://doi.org/10.1302/0301-620X.89B2.18161.

Levy O, Narvani A, Hous N, Abraham R, Relwani J, Pradhan R, et al. Reverse
shoulder arthroplasty with a cementless short metaphyseal humeral implant
without a stem: clinical and radiologic outcomes in prospective 2- to 7-year
follow-up study. ] Shoulder Elbow Surg 2016;25:1362—70. https://doi.org/
10.1016/j.jse.2015.12.017.

Levy O, Walecka ], Arealis G, Tsvieli O, Della Rotonda G, Abraham R, et al.
Bilateral reverse total shoulder arthroplasty—functional outcome and activ-
ities of daily living. ] Shoulder Elbow Surg 2017;26:e85—96. https://doi.org/
10.1016/j.jse.2016.09.010.

Li X, Dines JS, Warren RF, Craig EV, Dines DM. Inferior glenosphere placement
reduces scapular notching in reverse total shoulder arthroplasty. Orthopedics
2015;38:e88—93. https://doi.org/10.3928/01477447-20150204-54.

LiBrizzi CL, Rojas J, Joseph ], Bitzer A, McFarland EG. Incidence of clinically
evident isolated axillary nerve injury in 869 primary anatomic and reverse
total shoulder arthroplasties without routine identification of the axillary
nerve. JSES Open Access 2019;3:48—53. https://doi.org/10.1016/
j.jses.2018.12.002.

Lopiz Y, Garcia-Coiradas ], Serrano-Mateo L, Garcia-Fernandez C, Marco F.
Reverse shoulder arthroplasty for acute proximal humeral fractures in the
geriatric patient: results, health-related quality of life and complication rates.
Int Orthop 2016;40:771—81. https://doi.org/10.1007/s00264-015-3085-z.
Lopiz Y, Garcia-Fernandez C, Arriaza A, Rizo B, Marcelo H, Marco F. Midterm
outcomes of bone grafting in glenoid defects treated with reverse shoulder
arthroplasty. ] Shoulder Elbow Surg 2017;26:1581—8. https://doi.org/
10.1016/j.j5€.2017.01.017.

Mahure S, Mollon B, Quien M, Karia R, Zuckerman J, Kwon Y. Impact of dia-
betes on perioperative complications in patients undergoing elective total
shoulder arthroplasty. Bull Hosp Jt Dis (2013) 2017;75:173—9.

Mahylis JM, Puzzitiello RN, Ho JC, Amini MH, lannotti JP, Ricchetti ET. Com-
parison of radiographic and clinical outcomes of revision reverse total
shoulder arthroplasty with structural versus nonstructural bone graft.
J Shoulder Elbow Surg 2019;28:e1-9. https://doi.org/10.1016/
j.jse.2018.06.026.

Mangano T, Cerruti P, Repetto [, Felli L, Ivaldo N, Giovale M. Reverse shoulder
arthroplasty in older patients: is it worth it? A subjective functional outcome
and quality of life survey. Aging Clin Exp Res 2016;28:925—33. https://
doi.org/10.1007/s40520-015-0493-2.

Marion B, Leclere FM, Casoli V, Paganini F, Unglaub F, Spies C, et al. Potential
axillary nerve stretching during RSA implantation: an anatomical study. Anat
Sci Int 2014;89:232—7. https://doi.org/10.1007/s12565-014-0229-y.
Martinez AA, Bejarano C, Carbonel I, Iglesias D, Gil-Albarova ], Herrera A. The
treatment of proximal humerus nonunions in older patients with reverse
shoulder arthroplasty. Injury 2012;43(Suppl 2):S3—6. https://doi.org/
10.1016/S0020-1383(13)70172-4.

McFarland EG, Huri G, Hyun YS, Petersen SA, Srikumaran U. Reverse total
shoulder arthroplasty without bone-grafting for severe glenoid bone loss in
patients with osteoarthritis and intact rotator cuff. ] Bone Joint Surg Am
2016;98:1801—7. https://doi.org/10.2106/]BJS.15.01181.

Melis B, Bonnevialle N, Neyton L, Lévigne C, Favard L, Walch G, et al. Glenoid
loosening and failure in anatomical total shoulder arthroplasty: is revision
with a reverse shoulder arthroplasty a reliable option? ] Shoulder Elbow Surg
2012;21:342-9. https://doi.org/10.1016/j.jse.2011.05.021.

Melis B, DeFranco M, Lidermann A, Molé D, Favard L, Nérot C, et al. An
evaluation of the radiological changes around the Grammont reverse geom-
etry shoulder arthroplasty after eight to 12 years. ] Bone Joint Surg Br
2011;93:1240—6. https://doi.org/10.1302/0301-620X.93B9.25926.

Merolla G, Tartarone A, Sperling JW, Paladini P, Fabbri E, Porcellini G. Early
clinical and radiological outcomes of reverse shoulder arthroplasty with an
eccentric all-polyethylene glenosphere to treat failed hemiarthroplasty and
the sequelae of proximal humeral fractures. Int Orthop 2017;41:141-8.
https://doi.org/10.1007/s00264-016-3188-1.

Merolla G, Wagner E, Sperling JW, Paladini P, Fabbri E, Porcellini G. Revision of
failed shoulder hemiarthroplasty to reverse total arthroplasty: analysis of 157
revision implants. ] Shoulder Elbow Surg 2018;27:75—81. https://doi.org/
10.1016/j.jse.2017.06.038.

Merolla G, Walch G, Ascione F, Paladini P, Fabbri E, Padolino A, et al. Gram-
mont humeral design versus onlay curved-stem reverse shoulder arthro-
plasty: comparison of clinical and radiographic outcomes with minimum 2-
year follow-up. ] Shoulder Elbow Surg 2018;27:701—-10. https://doi.org/
10.1016/j.jse.2017.10.016.

Michael Wiater ], Carpenter S, Koueiter DM, Marcantonio D, Wiater BP. In-
fluence of body mass index on clinical outcomes in reverse total shoulder
arthroplasty. J Surg Orthop Adv 2017;26:134—42.

Middleton C, Uri O, Phillips S, Barmpagiannis K, Higgs D, Falworth M, et al.
A reverse shoulder arthroplasty with increased offset for the treatment of
cuff-deficient shoulders with glenohumeral arthritis. Bone Joint ] 2014;96-B:
936—42. https://doi.org/10.1302/0301-620X.96B7.32946.

Mizuno N, Denard PJ, Raiss P, Walch G. Reverse total shoulder arthroplasty for
primary glenohumeral osteoarthritis in patients with a biconcave glenoid.

941

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

152.

153.

154.

155.

156.

157.

JSES International 4 (2020) 929—943

] Bone Joint
JBJS.L.00820.
Mizuno N, Denard PJ, Raiss P, Walch G. The clinical and radiographical results
of reverse total shoulder arthroplasty with eccentric glenosphere. Int Orthop
2012;36:1647—53. https://doi.org/10.1007/s00264-012-1539-0.

Moeini S, Rasmussen ]V, Salomonsson B, Domeij-Arverud E, Fenstad AM, Hole R,
et al. Reverse shoulder arthroplasty has a higher risk of revision due to infection
than anatomical shoulder arthroplasty: 17 730 primary shoulder arthroplasties
from the Nordic Arthroplasty Register Association. Bone Joint ] 2019;101-b:702—7.
https://doi.org/10.1302/0301-620x.101b6.Bjj-2018-1348.R1.

Moher D, Liberati A, Tetzlaff ], Altman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Ann
Intern Med 2009;151:264—9. https://doi.org/10.7326/0003-4819-151-4-
200908180-00135. W264.

Mollon B, Mahure SA, Roche CP, Zuckerman ]D. Impact of glenosphere size on
clinical outcomes after reverse total shoulder arthroplasty: an analysis of 297
shoulders. ] Shoulder Elbow Surg 2016;25:763—71. https://doi.org/10.1016/
j.js€.2015.10.027.

Mollon B, Mahure SA, Roche CP, Zuckerman JD. Impact of scapular notching
on clinical outcomes after reverse total shoulder arthroplasty: an analysis of
476 shoulders. ] Shoulder Elbow Surg 2017;26:1253—61. https://doi.org/
10.1016/j.jse.2016.11.043.

Moroder P, Ernstbrunner L, Zweiger C, Schatz M, Seitlinger G, Skursky R, et al.
Short to mid-term results of stemless reverse shoulder arthroplasty in a
selected patient population compared to a matched control group with stem.
Int Orthop 2016;40:2115—20. https://doi.org/10.1007/s00264-016-3249-5.
Muh §], Streit JJ, Wanner JP, Lenarz CJ, Shishani Y, Rowland DY, et al. Early
follow-up of reverse total shoulder arthroplasty in patients sixty years of age
or younger. ] Bone Joint Surg Am 2013;95:1877—83. https://doi.org/10.2106/
JBJS.L.10005.

Mulieri P, Dunning P, Klein S, Pupello D, Frankle M. Reverse shoulder
arthroplasty for the treatment of irreparable rotator cuff tear without gle-
nohumeral arthritis. ] Bone Joint Surg Am 2010;92:2544—56. https://doi.org/
10.2106/JBJS.1.00912.

Miiller AM, Born M, Jung C, Flury M, Kolling C, Schwyzer HK, et al. Gleno-
sphere size in reverse shoulder arthroplasty: is larger better for external
rotation and abduction strength? ] Shoulder Elbow Surg 2018;27:44—52.
https://doi.org/10.1016/j.jse.2017.06.002.

Nagda SH, Rogers K], Sestokas AK, Getz CL, Ramsey ML, Glaser DL, et al. Neer
Award 2005: peripheral nerve function during shoulder arthroplasty using
intraoperative nerve monitoring. ] Shoulder Elbow Surg 2007;16:S2—8.
https://doi.org/10.1016/j.jse.2006.01.016.

Naveed MA, Kitson ], Bunker TD. The Delta III reverse shoulder replacement
for cuff tear arthropathy: a single-centre study of 50 consecutive procedures.
] Bone Joint Surg Br 2011;93:57—61. https://doi.org/10.1302/0301-
620X.93B1.24218.

Neyton L, Erickson ], Ascione F, Bugelli G, Lunini E, Walch G. Grammont Award
2018: scapular fractures in reverse shoulder arthroplasty (Grammont style):
prevalence, functional, and radiographic results with minimum 5-year
follow-up. ] Shoulder Elbow Surg 2019;28:260—7. https://doi.org/10.1016/
j.jse.2018.07.004.

Nolan BM, Ankerson E, Wiater JM. Reverse total shoulder arthroplasty im-
proves function in cuff tear arthropathy. Clin Orthop Relat Res 2011;469:
2476—82. https://doi.org/10.1007/s11999-010-1683-z.

Nyffeler RW, Werner CM, Gerber C. Biomechanical relevance of glenoid
component positioning in the reverse Delta III total shoulder prosthesis.
] Shoulder Elbow Surg 2005;14:524—8. https://doi.org/10.1016/
j-jse.2004.09.010.

Surg Am 2013;95:1297—-304. https://doi.org/10.2106/

. Nyffeler RW, Werner CM, Simmen BR, Gerber C. Analysis of a retrieved delta

III total shoulder prosthesis. ] Bone Joint Surg Br 2004;86:1187—91. https://
doi.org/10.1302/0301-620x.86b8.15228.

Ortmaier R, Mattiassich G, Pumberger M, Hitzl W, Moroder P, Auffarth A, et al.
Comparison between reverse shoulder arthroplasty and Humerusblock in
three- and four-part proximal humerus fractures in elderly patients. Int
Orthop 2015;39:335—42. https://doi.org/10.1007/s00264-014-2433-8.
Ortmaier R, Resch H, Matis N, Blocher M, Auffarth A, Mayer M, et al. Reverse
shoulder arthroplasty in revision of failed shoulder arthroplasty—outcome
and follow-up. Int Orthop 2013;37:67—75. https://doi.org/10.1007/s00264-
012-1742-z.

Osterhoff G, O'Hara NN, D'Cruz J, Sprague SA, Bansback N, Evaniew N, et al.
A cost-effectiveness analysis of reverse total shoulder arthroplasty versus
hemiarthroplasty for the management of complex proximal humeral frac-
tures in the elderly. Value Health 2017;20:404—11. https://doi.org/10.1016/
j.jval.2016.10.017.

Otto RJ, Clark RE, Frankle MA. Reverse shoulder arthroplasty in patients
younger than 55 years: 2- to 12-year follow-up. ] Shoulder Elbow Surg
2017;26:792—7. https://doi.org/10.1016/j.jse.2016.09.051.

Padegimas EM, Maltenfort M, Lazarus MD, Ramsey ML, Williams GR,
Namdari S. Future patient demand for shoulder arthroplasty by younger pa-
tients: national projections. Clin Orthop Relat Res 2015;473:1860—7. https://
doi.org/10.1007/s11999-015-4231-z.

Paisley KC, Kraeutler MJ, Lazarus MD, Ramsey ML, Williams GR, Smith M]J.
Relationship of scapular neck length to scapular notching after reverse total
shoulder arthroplasty by use of plain radiographs. J Shoulder Elbow Surg
2014;23:882—7. https://doi.org/10.1016/j.jse.2013.09.003.


https://doi.org/10.2106/JBJS.E.01310
https://doi.org/10.2106/JBJS.E.01310
https://doi.org/10.1302/0301-620X.89B2.18161
https://doi.org/10.1016/j.jse.2015.12.017
https://doi.org/10.1016/j.jse.2015.12.017
https://doi.org/10.1016/j.jse.2016.09.010
https://doi.org/10.1016/j.jse.2016.09.010
https://doi.org/10.3928/01477447-20150204-54
https://doi.org/10.1016/j.jses.2018.12.002
https://doi.org/10.1016/j.jses.2018.12.002
https://doi.org/10.1007/s00264-015-3085-z
https://doi.org/10.1016/j.jse.2017.01.017
https://doi.org/10.1016/j.jse.2017.01.017
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref123
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref123
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref123
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref123
https://doi.org/10.1016/j.jse.2018.06.026
https://doi.org/10.1016/j.jse.2018.06.026
https://doi.org/10.1007/s40520-015-0493-2
https://doi.org/10.1007/s40520-015-0493-2
https://doi.org/10.1007/s12565-014-0229-y
https://doi.org/10.1016/S0020-1383(13)70172-4
https://doi.org/10.1016/S0020-1383(13)70172-4
https://doi.org/10.2106/JBJS.15.01181
https://doi.org/10.1016/j.jse.2011.05.021
https://doi.org/10.1302/0301-620X.93B9.25926
https://doi.org/10.1007/s00264-016-3188-1
https://doi.org/10.1016/j.jse.2017.06.038
https://doi.org/10.1016/j.jse.2017.06.038
https://doi.org/10.1016/j.jse.2017.10.016
https://doi.org/10.1016/j.jse.2017.10.016
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref134
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref134
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref134
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref134
https://doi.org/10.1302/0301-620X.96B7.32946
https://doi.org/10.2106/JBJS.L.00820
https://doi.org/10.2106/JBJS.L.00820
https://doi.org/10.1007/s00264-012-1539-0
https://doi.org/10.1302/0301-620x.101b6.Bjj-2018-1348.R1
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1016/j.jse.2015.10.027
https://doi.org/10.1016/j.jse.2015.10.027
https://doi.org/10.1016/j.jse.2016.11.043
https://doi.org/10.1016/j.jse.2016.11.043
https://doi.org/10.1007/s00264-016-3249-5
https://doi.org/10.2106/JBJS.L.10005
https://doi.org/10.2106/JBJS.L.10005
https://doi.org/10.2106/JBJS.I.00912
https://doi.org/10.2106/JBJS.I.00912
https://doi.org/10.1016/j.jse.2017.06.002
https://doi.org/10.1016/j.jse.2006.01.016
https://doi.org/10.1302/0301-620X.93B1.24218
https://doi.org/10.1302/0301-620X.93B1.24218
https://doi.org/10.1016/j.jse.2018.07.004
https://doi.org/10.1016/j.jse.2018.07.004
https://doi.org/10.1007/s11999-010-1683-z
https://doi.org/10.1016/j.jse.2004.09.010
https://doi.org/10.1016/j.jse.2004.09.010
https://doi.org/10.1302/0301-620x.86b8.15228
https://doi.org/10.1302/0301-620x.86b8.15228
https://doi.org/10.1007/s00264-014-2433-8
https://doi.org/10.1007/s00264-012-1742-z
https://doi.org/10.1007/s00264-012-1742-z
https://doi.org/10.1016/j.jval.2016.10.017
https://doi.org/10.1016/j.jval.2016.10.017
https://doi.org/10.1016/j.jse.2016.09.051
https://doi.org/10.1007/s11999-015-4231-z
https://doi.org/10.1007/s11999-015-4231-z
https://doi.org/10.1016/j.jse.2013.09.003

S.S. Shah, B.T. Gaal, A.M. Roche et al.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Pappou I, Virani NA, Clark R, Cottrell B], Frankle MA. Outcomes and costs of
reverse shoulder arthroplasty in the morbidly obese: a case control study.
J Bone Joint Surg Am 2014;96:1169—76. https://doi.org/10.2106/
JBJS.M.00735.

Parisien RL, Yi PH, Hou L, Li X, Jawa A. The risk of nerve injury during
anatomical and reverse total shoulder arthroplasty: an intraoperative neu-
romonitoring study. ] Shoulder Elbow Surg 2016;25:1122—7. https://doi.org/
10.1016/j.j5€.2016.02.016.

Poon PC, Chou ], Young SW, Astley T. A comparison of concentric and
eccentric glenospheres in reverse shoulder arthroplasty: a randomized
controlled trial. ] Bone Joint Surg Am 2014;96:e138. https://doi.org/10.2106/
JBJS.M.00941.

Raiss P, Alami G, Bruckner T, Magosch P, Habermeyer P, Boileau P, et al.
Reverse shoulder arthroplasty for type 1 sequelae of a fracture of the proximal
humerus. Bone Joint ] 2018;100-B:318—23. https://doi.org/10.1302/0301-
620X.100B3.BJJ-2017-0947.R1.

Raiss P, Edwards TB, Bruckner T, Loew M, Zeifang F, Walch G. Reverse
arthroplasty for patients with chronic locked dislocation of the shoulder (type
2 fracture sequela). ] Shoulder Elbow Surg 2017;26:279—87. https://doi.org/
10.1016/j.jse.2016.05.028.

Raiss P, Edwards TB, Collin P, Bruckner T, Zeifang F, Loew M, et al. Reverse
shoulder arthroplasty for malunions of the proximal part of the humerus
(type-4 fracture sequelae). ] Bone Joint Surg Am 2016;98:893—9. https://
doi.org/10.2106/JB]S.15.00506.

Raiss P, Edwards TB, da Silva MR, Bruckner T, Loew M, Walch G. Reverse
shoulder arthroplasty for the treatment of nonunions of the surgical neck of
the proximal part of the humerus (type-3 fracture sequelae). ] Bone Joint Surg
Am 2014;96:2070—6. https://doi.org/10.2106/]BJS.N.00405.

Raiss P, Zeifang F, Pons-Villanueva ], Smithers CJ, Loew M, Walch G. Reverse
arthroplasty for osteoarthritis and rotator cuff deficiency after previous sur-
gery for recurrent anterior shoulder instability. Int Orthop 2014;38:1407—13.
https://doi.org/10.1007/s00264-014-2325-y.

Repetto I, Alessio-Mazzola M, Cerruti P, Sanguineti F, Formica M, Felli L.
Surgical management of complex proximal humeral fractures: pinning,
locked plate and arthroplasty: clinical results and functional outcome on
retrospective series of patients. Musculoskelet Surg 2017;101:153—8. https://
doi.org/10.1007/s12306-017-0451-6.

Roberson TA, Granade CM, Hunt Q, Griscom JT, Adams KJ, Momaya AM, et al.
Nonoperative management versus reverse shoulder arthroplasty for treat-
ment of 3- and 4-part proximal humeral fractures in older adults. ] Shoulder
Elbow Surg 2017;26:1017—22. https://doi.org/10.1016/j.jse.2016.10.013.
Roche CP, Marczuk Y, Wright TW, Flurin PH, Grey S, Jones R, et al. Scapular
notching and osteophyte formation after reverse shoulder replacement:
radiological analysis of implant position in male and female patients. Bone
Joint ] 2013;95-B:530—5. https://doi.org/10.1302/0301-620X.95B4.30442.
Roche CP, Stroud NJ, Martin BL, Steiler CA, Flurin PH, Wright TW, et al. The
impact of scapular notching on reverse shoulder glenoid fixation. J Shoulder
Elbow Surg 2013;22:963—70. https://doi.org/10.1016/j.jse.2012.10.035.

Ross M, Hope B, Stokes A, Peters SE, McLeod I, Duke PF. Reverse shoulder
arthroplasty for the treatment of three-part and four-part proximal humeral
fractures in the elderly. J Shoulder Elbow Surg 2015;24:215—-22. https://
doi.org/10.1016/j.jse.2014.05.022.

Routman HD, Flurin PH, Wright TW, Zuckerman JD, Hamilton MA, Roche CP.
Reverse shoulder arthroplasty prosthesis design classification system. Bull
Hosp Jt Dis (2013) 2015;73(Suppl 1):S5—14.

Russo R, Della Rotonda G, Cautiero F, Ciccarelli M. Reverse shoulder prosthesis
to treat complex proximal humeral fractures in the elderly patients: results
after 10-year experience. Musculoskelet Surg 2015;99(Suppl 1):S17-23.
https://doi.org/10.1007/s12306-015-0367-y.

Russo R, Rotonda GD, Ciccarelli M, Cautiero F. Analysis of complications of
reverse total shoulder arthroplasty. Joints 2015;3:62—6. https://doi.org/
10.11138/jts/2015.3.2.062.

Sabesan V, Callanan M, Sharma V, Wiater JM. Assessment of scapular
morphology and surgical technique as predictors of notching in reverse
shoulder arthroplasty. Am ] Orthop (Belle Mead NJ) 2015;44:E148—52.
Sadoghi P, Leithner A, Vavken P, Holzer A, Hochreiter ], Weber G, et al. Infra-
glenoidal scapular notching in reverse total shoulder replacement: a prospec-
tive series of 60 cases and systematic review of the literature. BMC
Musculoskelet Disord 2011;12:101. https://doi.org/10.1186/1471-2474-12-101.
Sadoghi P, Vavken P, Leithner A, Hochreiter J, Weber G, Pietschmann MF, et al.
Impact of previous rotator cuff repair on the outcome of reverse shoulder
arthroplasty. J Shoulder Elbow Surg 2011;20:1138—46. https://doi.org/
10.1016/j.jse.2011.01.013.

Saier T, Cotic M, Kirchhoff C, Feucht MJ, Minzlaff P, Glanzmann MC, et al. Early
results after modular non-cemented reverse total shoulder arthroplasty: a
prospective single-centre study of 38 consecutive cases. ] Orthop Sci 2015;20:
830—6. https://doi.org/10.1007/s00776-015-0734-4.

Saltzman BM, Chalmers PN, Gupta AK, Romeo AA, Nicholson GP. Complication
rates comparing primary with revision reverse total shoulder arthroplasty.
J Shoulder Elbow Surg 2014;23:1647—54. https://doi.org/10.1016/
jjse.2014.04.015.

Samuelsen BT, Wagner ER, Houdek MT, Elhassan BT, Sanchez-Sotelo ],
Cofield R, et al. Primary reverse shoulder arthroplasty in patients aged 65
years or younger. ] Shoulder Elbow Surg 2017;26:e13—7. https://doi.org/
10.1016/j.js¢.2016.05.026.

942

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

JSES International 4 (2020) 929—943

Sanchez-Sotelo ], Wagner ER, Sim FH, Houdek MT. Allograft-prosthetic com-
posite reconstruction for massive proximal humeral bone loss in reverse
shoulder arthroplasty. J Bone Joint Surg Am 2017;99:2069—76. https://
doi.org/10.2106/JB]S.16.01495.

Sebastia-Forcada E, Cebrian-Gémez R, Lizaur-Utrilla A, Gil-Guillén V. Reverse
shoulder arthroplasty versus hemiarthroplasty for acute proximal
humeral fractures. A blinded, randomized, controlled, prospective study.
] Shoulder Elbow Surg 2014;23:1419-26. https://doi.org/10.1016/
j.jse.2014.06.035.

Sebastia-Forcada E, Lizaur-Utrilla A, Cebrian-Gomez R, Miralles-Munoz FA,
Lopez-Prats FA. Outcomes of reverse total shoulder arthroplasty for proximal
humeral fractures: primary arthroplasty versus secondary arthroplasty after
failed proximal humeral locking plate fixation. ] Orthop Trauma 2017;31:
€236—40. https://doi.org/10.1097/BOT.0000000000000858.

Sershon RA, Van Thiel GS, Lin EC, McGill KC, Cole BJ, Verma NN, et al. Clinical
outcomes of reverse total shoulder arthroplasty in patients aged younger than
60 years. ] Shoulder Elbow Surg 2014;23:395—400. https://doi.org/10.1016/
j.jse.2013.07.047.

Severt R, Thomas BJ, Tsenter MJ], Amstutz HC, Kabo JM. The influence of
conformity and constraint on translational forces and frictional torque in total
shoulder arthroplasty. Clin Orthop Relat Res 1993:151—8.

Shannon SF, Wagner ER, Houdek MT, Cross WW, Sanchez-Sotelo ]. Reverse
shoulder arthroplasty for proximal humeral fractures: outcomes comparing
primary reverse arthroplasty for fracture versus reverse arthroplasty after
failed osteosynthesis. ] Shoulder Elbow Surg 2016;25:1655—60. https://
doi.org/10.1016/j.jse.2016.02.012.

Simovitch RW, Gerard BK, Brees JA, Fullick R, Kearse JC. Outcomes of reverse
total shoulder arthroplasty in a senior athletic population. ] Shoulder Elbow
Surg 2015;24:1481—5. https://doi.org/10.1016/j.jse.2015.03.011.

Singh A, Yian EH, Dillon MT, Takayanagi M, Burke MF, Navarro RA. The effect
of surgeon and hospital volume on shoulder arthroplasty perioperative
quality metrics. J Shoulder Elbow Surg 2014;23:1187—94. https://doi.org/
10.1016/j.jse.2013.11.017.

Somerson JS, Hsu JE, Neradilek MB, Matsen FA IIl. Analysis of 4063 compli-
cations of shoulder arthroplasty reported to the US Food and Drug Admin-
istration from 2012 to 2016. ] Shoulder Elbow Surg 2018;27:1978—86.
https://doi.org/10.1016/j.jse.2018.03.025.

Statz JM, Wagner ER, Houdek MT, Cofield RH, Sanchez-Sotelo ], Elhassan BT,
et al. Outcomes of primary reverse shoulder arthroplasty in patients with
morbid obesity. ] Shoulder Elbow Surg 2016;25:e191—-8. https://doi.org/
10.1016/j.jse.2015.12.008.

Steen BM, Cabezas AF, Santoni BG, Hussey MM, Cusick MC, Kumar AG, et al.
Outcome and value of reverse shoulder arthroplasty for treatment of gleno-
humeral osteoarthritis: a matched cohort. ] Shoulder Elbow Surg 2015;24:
1433—41. https://doi.org/10.1016/j.jse.2015.01.005.

Stephens BC, Simon P, Clark RE, Christmas KN, Stone GP, Lorenzetti A], et al.
Revision for a failed reverse: a 12-year review of a lateralized implant.
] Shoulder Elbow Surg 2016;25:e115—24. https://doi.org/10.1016/
jjse.2015.09.027.

Stephens SP, Paisley KC, Giveans MR, Wirth MA. The effect of proximal hu-
meral bone loss on revision reverse total shoulder arthroplasty. ] Shoulder
Elbow Surg 2015;24:1519—26. https://doi.org/10.1016/j.jse.2015.02.020.
Streit JJ, Clark JC, Allert J, Clark R, Christmas KN, Mighell MA, et al. Ten years of
reverse total shoulder arthroplasty performed for osteoarthritis and intact
rotator cuff: indications and outcomes. ] Shoulder Elbow Surg 2017;26:e159.
https://doi.org/10.1016/j.jse.2016.12.031.

Teissier P, Teissier ], Kouyoumdjian P, Asencio G. The TESS reverse shoulder
arthroplasty without a stem in the treatment of cuff-deficient shoulder con-
ditions: clinical and radiographic results. J Shoulder Elbow Surg 2015;24:
45-51. https://doi.org/10.1016/j.jse.2014.04.005.

Theivendran K, Varghese M, Large R, Bateman M, Morgan M, Tambe A, et al.
Reverse total shoulder arthroplasty using a trabecular metal glenoid base
plate: functional and radiological outcomes at two to five years. Bone Joint ]
2016;98-B:969—75. https://doi.org/10.1302/0301-620X.98B7.37688.

Torrens C, Guirro P, Miquel ], Santana F. Influence of glenosphere size on the
development of scapular notching: a prospective randomized study.
J Shoulder Elbow Surg 2016;25:1735—41. https://doi.org/10.1016/
j.jse.2016.07.006.

Uri O, Beckles V, Higgs D, Falworth M, Middleton C, Lambert S. Increased-
offset reverse shoulder arthroplasty for the treatment of failed post-traumatic
humeral head replacement. | Shoulder Elbow Surg 2014;23:401—8. https://
doi.org/10.1016/j.jse.2013.07.041.

Valenti P, Kilinc AS, Sauzieres P, Katz D. Results of 30 reverse shoulder
prostheses for revision of failed hemi- or total shoulder arthroplasty. Eur ]
Orthop Surg Traumatol 2014;24:1375—82. https://doi.org/10.1007/s00590-
013-1332-9.

Valenti P, Sauzieres P, Katz D, Kalouche [, Kilinc AS. Do less medialized reverse
shoulder prostheses increase motion and reduce notching? Clin Orthop Relat
Res 2011;469:2550—7. https://doi.org/10.1007/s11999-011-1844-8.
Verhofste B, Decock T, Van Tongel A, De Wilde L. Heterotopic ossification after
reverse total shoulder arthroplasty. Bone Joint ] 2016;98-B:1215—21. https://
doi.org/10.1302/0301-620X.98B9.37761.

Villacis D, Sivasundaram L, Pannell WC, Heckmann N, Omid R, Hatch GF.
Complication rate and implant survival for reverse shoulder arthroplasty
versus total shoulder arthroplasty: results during the initial 2 years.


https://doi.org/10.2106/JBJS.M.00735
https://doi.org/10.2106/JBJS.M.00735
https://doi.org/10.1016/j.jse.2016.02.016
https://doi.org/10.1016/j.jse.2016.02.016
https://doi.org/10.2106/JBJS.M.00941
https://doi.org/10.2106/JBJS.M.00941
https://doi.org/10.1302/0301-620X.100B3.BJJ-2017-0947.R1
https://doi.org/10.1302/0301-620X.100B3.BJJ-2017-0947.R1
https://doi.org/10.1016/j.jse.2016.05.028
https://doi.org/10.1016/j.jse.2016.05.028
https://doi.org/10.2106/JBJS.15.00506
https://doi.org/10.2106/JBJS.15.00506
https://doi.org/10.2106/JBJS.N.00405
https://doi.org/10.1007/s00264-014-2325-y
https://doi.org/10.1007/s12306-017-0451-6
https://doi.org/10.1007/s12306-017-0451-6
https://doi.org/10.1016/j.jse.2016.10.013
https://doi.org/10.1302/0301-620X.95B4.30442
https://doi.org/10.1016/j.jse.2012.10.035
https://doi.org/10.1016/j.jse.2014.05.022
https://doi.org/10.1016/j.jse.2014.05.022
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref171
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref171
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref171
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref171
https://doi.org/10.1007/s12306-015-0367-y
https://doi.org/10.11138/jts/2015.3.2.062
https://doi.org/10.11138/jts/2015.3.2.062
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref174
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref174
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref174
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref174
https://doi.org/10.1186/1471-2474-12-101
https://doi.org/10.1016/j.jse.2011.01.013
https://doi.org/10.1016/j.jse.2011.01.013
https://doi.org/10.1007/s00776-015-0734-4
https://doi.org/10.1016/j.jse.2014.04.015
https://doi.org/10.1016/j.jse.2014.04.015
https://doi.org/10.1016/j.jse.2016.05.026
https://doi.org/10.1016/j.jse.2016.05.026
https://doi.org/10.2106/JBJS.16.01495
https://doi.org/10.2106/JBJS.16.01495
https://doi.org/10.1016/j.jse.2014.06.035
https://doi.org/10.1016/j.jse.2014.06.035
https://doi.org/10.1097/BOT.0000000000000858
https://doi.org/10.1016/j.jse.2013.07.047
https://doi.org/10.1016/j.jse.2013.07.047
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref184
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref184
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref184
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref184
https://doi.org/10.1016/j.jse.2016.02.012
https://doi.org/10.1016/j.jse.2016.02.012
https://doi.org/10.1016/j.jse.2015.03.011
https://doi.org/10.1016/j.jse.2013.11.017
https://doi.org/10.1016/j.jse.2013.11.017
https://doi.org/10.1016/j.jse.2018.03.025
https://doi.org/10.1016/j.jse.2015.12.008
https://doi.org/10.1016/j.jse.2015.12.008
https://doi.org/10.1016/j.jse.2015.01.005
https://doi.org/10.1016/j.jse.2015.09.027
https://doi.org/10.1016/j.jse.2015.09.027
https://doi.org/10.1016/j.jse.2015.02.020
https://doi.org/10.1016/j.jse.2016.12.031
https://doi.org/10.1016/j.jse.2014.04.005
https://doi.org/10.1302/0301-620X.98B7.37688
https://doi.org/10.1016/j.jse.2016.07.006
https://doi.org/10.1016/j.jse.2016.07.006
https://doi.org/10.1016/j.jse.2013.07.041
https://doi.org/10.1016/j.jse.2013.07.041
https://doi.org/10.1007/s00590-013-1332-9
https://doi.org/10.1007/s00590-013-1332-9
https://doi.org/10.1007/s11999-011-1844-8
https://doi.org/10.1302/0301-620X.98B9.37761
https://doi.org/10.1302/0301-620X.98B9.37761

S.S. Shah, B.T. Gaal, A.M. Roche et al.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

] Shoulder Elbow
jjse.2015.10.012.
Vourazeris JD, Wright TW, Struk AM, King JJ, Farmer KW. Primary reverse
total shoulder arthroplasty outcomes in patients with subscapularis repair
versus tenotomy. J Shoulder Elbow Surg 2017;26:450—7. https://doi.org/
10.1016/j.jse.2016.09.017.

Wagner E, Houdek MT, Griffith T, Elhassan BT, Sanchez-Sotelo ], Sperling JW,
et al. Glenoid bone-grafting in revision to a reverse total shoulder arthro-
plasty. J Bone Joint Surg Am 2015;97:1653—60. https://doi.org/10.2106/
JBJS.N.00732.

Wagner ER, Hevesi M, Houdek MT, Cofield RH, Sperling JW,
Sanchez-Sotelo ]. Can a reverse shoulder arthroplasty be used to
revise a failed primary reverse shoulder arthroplasty? Bone Joint ]
2018;100-B:1493—8. https://doi.org/10.1302/0301-620X.100B11.B]]-2018-
0226.R2.

Wagner ER, Houdek MT, Elhassan BT, Sanchez-Sotelo ], Cofield RH,
Sperling JW. What are risk factors for intraoperative humerus fractures during
revision reverse shoulder arthroplasty and do they influence outcomes? Clin
Orthop Relat Res 2015;473:3228—34. https://doi.org/10.1007/s11999-015-
4448-x.

Wagner ER, Houdek MT, Hernandez NM, Cofield RH, Sanchez-Sotelo ],
Sperling JW. Cement-within-cement technique in revision reverse shoulder
arthroplasty. ] Shoulder Elbow Surg 2017;26:1448-53. https://doi.org/
10.1016/j.jse.2017.01.013.

Wagner ER, Statz JM, Houdek MT, Cofield RH, Sanchez-Sotelo ], Sperling JW.
Use of a shorter humeral stem in revision reverse shoulder arthroplasty.
J Shoulder Elbow Surg 2017;26:1454—61. https://doi.org/10.1016/
jjse.2017.01.016.

Walch G, Bacle G, Lidermann A, Nové-Josserand L, Smithers CJ. Do the in-
dications, results, and complications of reverse shoulder arthroplasty change
with surgeon's experience? ] Shoulder Elbow Surg 2012;21:1470—7. https://
doi.org/10.1016/j.jse.2011.11.010.

Walker M, Willis MP, Brooks JP, Pupello D, Mulieri PJ, Frankle MA. The use of
the reverse shoulder arthroplasty for treatment of failed total shoulder
arthroplasty. ] Shoulder Elbow Surg 2012;21:514—22. https://doi.org/
10.1016/j.jse.2011.03.006.

Wall B, Walch G. Reverse shoulder arthroplasty for the treatment of proximal
humeral fractures. Hand Clin 2007;23:425—30. https://doi.org/10.1016/
j.hcl.2007.08.002. v-vi.

Werner BS, Abdelkawi AF, Boehm D, Hudek R, Plumhoff P, Burkhart K], et al.
Long-term analysis of revision reverse shoulder arthroplasty using cemented
long stems. ] Shoulder Elbow Surg 2017;26:273—8. https://doi.org/10.1016/
j.jse.2016.05.015.

Surg 2016;25:927—35. https://doi.org/10.1016/

943

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

JSES International 4 (2020) 929—943

Werner BS, Ascione F, Bugelli G, Walch G. Does arm lengthening affect the
functional outcome in onlay reverse shoulder arthroplasty? J Shoulder Elbow
Surg 2017;26:2152—7. https://doi.org/10.1016/j.jse.2017.05.021.

Werner CM, Steinmann PA, Gilbart M, Gerber C. Treatment of painful pseu-
doparesis due to irreparable rotator cuff dysfunction with the Delta III
reverse-ball-and-socket total shoulder prosthesis. ] Bone Joint Surg Am
2005;87:1476—86. https://doi.org/10.2106/JB]S.D.02342.

Wiater BP, Baker EA, Salisbury MR, Koueiter DM, Baker KC, Nolan BM, et al.
Elucidating trends in revision reverse total shoulder arthroplasty procedures:
a retrieval study evaluating clinical, radiographic, and functional outcomes
data. J Shoulder Elbow Surg 2015;24:1915—25. https://doi.org/10.1016/
j-jse.2015.06.004.

Wiater JM, Moravek JE, Budge MD, Koueiter DM, Marcantonio D, Wiater BP.
Clinical and radiographic results of cementless reverse total shoulder
arthroplasty: a comparative study with 2 to 5 years of follow-up. J Shoulder
Elbow Surg 2014;23:1208—14. https://doi.org/10.1016/j.jse.2013.11.032.
Willis M, Min W, Brooks JP, Mulieri P, Walker M, Pupello D, et al. Proximal
humeral malunion treated with reverse shoulder arthroplasty. ] Shoulder
Elbow Surg 2012;21:507—13. https://doi.org/10.1016/j.jse.2011.01.042.
Wirth MA, Rockwood CA. Complications of total shoulder-replacement
arthroplasty. ] Bone Joint Surg Am 1996;78:603—16.

Wright TW, Roche CP, Wright L, Flurin PH, Crosby LA, Zuckerman JD. Reverse
shoulder arthroplasty augments for glenoid wear. Comparison of posterior
augments to superior augments. Bull Hosp Jt Dis (2013) 2015;73(Suppl 1):
S124-8.

Youn SM, Deo S, Poon PC. Functional and radiologic outcomes of uncemented
reverse shoulder arthroplasty in proximal humeral fractures: cementing the
humeral component is not necessary. ] Shoulder Elbow Surg 2016;25:e83—9.
https://doi.org/10.1016/j.jse.2015.09.007.

Young AA, Smith MM, Bacle G, Moraga C, Walch G. Early results of reverse
shoulder arthroplasty in patients with rheumatoid arthritis. ] Bone Joint Surg
Am 2011;93:1915—-23. https://doi.org/10.2106/]BJS.].00300.

Young SW, Zhu M, Walker CG, Poon PC. Comparison of functional outcomes of
reverse shoulder arthroplasty with those of hemiarthroplasty in the treat-
ment of cuff-tear arthropathy: a matched-pair analysis. ] Bone Joint Surg Am
2013;95:910-5. https://doi.org/10.2106/JB]JS.L.00302.

Zafra M, Uceda P, Flores M, Carpintero P. Reverse total shoulder replacement
for nonunion of a fracture of the proximal humerus. Bone Joint ] 2014;96-B:
1239—43. https://doi.org/10.1302/0301-620X.96B9.33157.

Zumstein MA, Pinedo M, Old ], Boileau P. Problems, complications, reopera-
tions, and revisions in reverse total shoulder arthroplasty: a systematic re-
view. ] Shoulder Elbow Surg 2011;20:146—57. https://doi.org/10.1016/
j.jse.2010.08.001.


https://doi.org/10.1016/j.jse.2015.10.012
https://doi.org/10.1016/j.jse.2015.10.012
https://doi.org/10.1016/j.jse.2016.09.017
https://doi.org/10.1016/j.jse.2016.09.017
https://doi.org/10.2106/JBJS.N.00732
https://doi.org/10.2106/JBJS.N.00732
https://doi.org/10.1302/0301-620X.100B11.BJJ-2018-0226.R2
https://doi.org/10.1302/0301-620X.100B11.BJJ-2018-0226.R2
https://doi.org/10.1007/s11999-015-4448-x
https://doi.org/10.1007/s11999-015-4448-x
https://doi.org/10.1016/j.jse.2017.01.013
https://doi.org/10.1016/j.jse.2017.01.013
https://doi.org/10.1016/j.jse.2017.01.016
https://doi.org/10.1016/j.jse.2017.01.016
https://doi.org/10.1016/j.jse.2011.11.010
https://doi.org/10.1016/j.jse.2011.11.010
https://doi.org/10.1016/j.jse.2011.03.006
https://doi.org/10.1016/j.jse.2011.03.006
https://doi.org/10.1016/j.hcl.2007.08.002
https://doi.org/10.1016/j.hcl.2007.08.002
https://doi.org/10.1016/j.jse.2016.05.015
https://doi.org/10.1016/j.jse.2016.05.015
https://doi.org/10.1016/j.jse.2017.05.021
https://doi.org/10.2106/JBJS.D.02342
https://doi.org/10.1016/j.jse.2015.06.004
https://doi.org/10.1016/j.jse.2015.06.004
https://doi.org/10.1016/j.jse.2013.11.032
https://doi.org/10.1016/j.jse.2011.01.042
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref217
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref217
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref217
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref218
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref218
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref218
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref218
http://refhub.elsevier.com/S2666-6383(20)30125-0/sref218
https://doi.org/10.1016/j.jse.2015.09.007
https://doi.org/10.2106/JBJS.J.00300
https://doi.org/10.2106/JBJS.L.00302
https://doi.org/10.1302/0301-620X.96B9.33157
https://doi.org/10.1016/j.jse.2010.08.001
https://doi.org/10.1016/j.jse.2010.08.001

	The modern reverse shoulder arthroplasty and an updated systematic review for each complication: part I
	Scapular notching
	Methods
	Results

	Periprosthetic infection
	Methods
	Results

	Mechanical failure
	Methods
	Results

	Neurologic injury
	Methods
	Results

	Discussion
	Conclusion
	Disclaimer
	References


