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ARTICLE INFO Background: Both anatomic total shoulder arthroplasty (ATSA) and reverse total shoulder arthroplasty
(RTSA) reliably improve pain and function for a variety of indications. However, there remain concerns about
these procedures among elderly patients due to their general health, the potential for lesser functional gain,
and the possible need for revision at an even older age. The purpose of this review is to compare the clinical
outcomes, radiographic outcomes, and complications of ATSA and RTSA among patients older than 70 years.
Methods: A systematic review was performed using searches of PubMed, Embase, and Cochrane data-
bases. The inclusion criteria were studies with patients older than 70 years who were treated with a pri-
mary ATSA or RTSA and clinical results reported at a minimum of 2 years. All indications for primary RTSA
except for tumor were included. Outcomes of interest included patient-reported outcomes (PROs), range of
motion, patient satisfaction, radiographic changes, complication and revision rates, and implant survival.
Results: A total of 24 studies met the inclusion criteria. At a mean follow-up of 3.4 years for ATSA and 3.1
years for RTSA, there were significant improvements in pain, range of motion, and PROs for both pros-
theses. Patients who underwent ATSA generally had better motion and functional outcomes compared to
those who underwent RTSA, though these comparisons were made across different indications for
arthroplasty. The satisfaction rate was 90.9% after ATSA and 90.8% after RTSA. Furthermore, 10.2% of ATSA
patients and 9.9% of RTSA patients experienced a surgical complication, whereas 2.3% of ATSA and 2.2% of
RTSA patients underwent a revision. Secondary rotator cuff tear was the most common complication
after ATSA, occurring in 3.7% of patients, but only 1.1% of patients required revision surgery. Both ATSA
and RTSA implant survivorship was reported to range from 93.1% to 98.9% at 5- and 8-year follow-up,
respectively. Patient mortality was estimated to be 19.3% with a mean time to death of 6.1 years.
Conclusions: Elderly patients with primary osteoarthritis and an intact rotator cuff can have predictable
pain relief, restoration of functional range of motion, and significant improvement in PROs after ATSA
with low complication rates. Secondary rotator cuff failure and revision arthroplasty occur infrequently
at early to mid-term follow-up. Although elderly patients who underwent ATSA generally had better
functional outcomes compared to those who underwent RTSA for differing indications, patient satis-
faction after both procedures were similar.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This

is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Total shoulder arthroplasty (TSA) utilization continues to in-
crease worldwide due to an aging population, with the demand for
primary arthroplasty projected to increase by 333% from 2011 to
2030.3! This trend is most evident in the elderly, for whom the
incidence has increased at the greatest rate.*’ Both anatomic total
shoulder arthroplasty (ATSA) and reverse total shoulder arthro-
plasty (RTSA) are acceptable treatment options for multiple distinct
shoulder pathologies with reliable improvements in pain and

Institutional review board approval was not required for this systematic review.
*Corresponding author: Favian Su, MD, Department of Orthopaedic Surgery,
University of California San Francisco, 500 Parnassus Ave, MU-320W, San Francisco,
CA 94143-0728, USA.
E-mail address: favian.su@ucsf.edu (F. Su).

https://doi.org/10.1016/j.xrrt.2023.02.003

function.?8322639 Despite this, there remain concerns about these
procedures among elderly patients due to their general health, the
potential for lesser functional gain, worse bone quality due to
osteopenia, the potential for postoperative instability due to
compromised soft tissues, and the possible need for revision at an
even older age.'"'> Therefore, shoulder arthroplasty, particularly in
patients over 70 years, is a topic of growing interest.

ATSA has historically been indicated for patients with primary
glenohumeral osteoarthritis (OA) and a functioning rotator cuff,
whereas the more highly-constrained RTSA has been reserved for
patients with glenohumeral arthritis without an intact or func-
tioning rotator cuff. However, reliable clinical results of RTSA have
expanded the indications to include other conditions such as OA
with biconcave glenoids, massive irreparable rotator cuff tears,

2666-6391/© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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proximal humerus fractures (PHFs), fracture sequelae, inflamma-
tory arthropathy, tumor, and revision arthroplasty.*® More recently,
several studies have even recommended considering RTSA over the
traditional ATSA for elderly patients with primary OA and an intact
rotator cuff.'>'® This suggestion is largely due to concerns about
rotator cuff integrity and dysfunction related to disuse in elderly
patients undergoing TSA.**“® In fact, recent utilization rates of
RTSA for OA have demonstrated a significant upward trend from
15% to 29% over the past decade.’

To date, there have been multiple studies that have evaluated
the outcomes of ATSA or RTSA in patients over the age of 70. These
studies, however, consisted of small patient numbers with variable
follow-up, resulting in limited evidence to guide treatment in this
population. Additionally, there have been no systematic reviews
that have reported on this important topic. Therefore, the purpose
of this systematic review is to compare the clinical outcomes,
radiographic outcomes, and complications of ATSA and RTSA
among patients older than 70 years.

Methods
Search strategy

A systematic review was performed using guidance from the
checklist of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Fig. 1). A search was conducted using
PubMed, Embase, and Cochrane Central Register of Controlled Trial
databases on December 31, 2022, with the terms: (“total shoulder
arthroplasty” or “total shoulder replacement” or “reverse shoulder
arthroplasty” or “reverse shoulder replacement”) and (“older” or
“elderly” or “elder” or “70” or “75” or “80”). A total of 2579 articles
were identified after removal of duplicates. The inclusion criteria were
studies with patients older than 70 years who were treated with a
primary ATSA or RTSA and clinical results reported at a minimum of 2
years. All indications for primary shoulder arthroplasty except for
tumor were included. The exclusion criteria were as follows: ab-
stracts, case reports, nationwide database studies, literature reviews,
and biomechanical studies; studies involving heterogeneous treat-
ments (eg, hemiarthroplasty and TSA) without separately reporting
outcomes; studies with results mixed with patients younger than 70
years; and studies with results mixed with revision arthroplasty.

Two authors (ES. and P.N.) independently screened the titles,
abstracts, and full texts. Any discrepancies in inclusion or exclusion
were carried to the next round of screening to ensure thorough-
ness. References to each included study were further screened to
capture any publications that may have eluded the original search
queries. A total of 24 articles were included for review.

Assessment of study quality

Two authors (ES. and P.N.) independently assessed the meth-
odological quality of all included studies with the methodological
index for non-randomized studies (MINORS), which is a validated
instrument designed to assess the methodological quality of non-
randomized surgical studies.*' For noncomparative studies, 8 items
were evaluated from O to 2, leading to a maximum score of 16. For
comparative studies, 4 additional items were included, with a
maximum total score of 24. All discrepancies between reviewers
were resolved by consensus.

Outcomes

Relevant data were extracted, including patient demographics,
diagnosis, type of replacement, complications, revisions, clinical
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outcomes (mortality, satisfaction, and range of motion), patient-
reported outcomes (PROs), and radiologic outcomes at last
follow-up. Only studies that clearly reported postoperative
complication, reoperation, or revision data were included in the
pooled analysis of complications and revisions. For major compli-
cations, such as infection, instability, rotator cuff tear, and peri-
prosthetic fracture, it was assumed that these complications did not
occur unless they were explicitly reported to have happened.
However, for component loosening and minor complications, such
as acromial stress fracture, nerve injury, and hematoma, studies
that did not specifically mention these complications were
excluded from the pooled analysis. Data were aggregated by type of
arthroplasty. Weighted mean estimates and ranges were provided
for clinical outcomes, radiological outcomes, complications, and
revisions.

Results

Twenty-four studies were included in this review (Table I).
Eleven studies reported the outcomes of ATSA with the primary
diagnosis of glenohumeral OA in all patients. Twenty studies re-
ported the outcomes of RTSA with 8 studies focused solely on acute
PHE®1013.172025.3435 Of the other 12 RTSA studies, 7 had varied
diagnoses,>*1114262739 \whereas 2 studies included only gleno-
humeral 0A?®% and 3 studies included only rotator cuff arthrop-
athy.>>3644 Seven studies compared the outcomes of ATSA to
RTSA 2283236394446 iy studies compared the outcomes of an older
cohort to a younger cohort.*!82732.36.38 Seyen studies analyzed the
outcomes of patients over the age of 80 years.*!!41>18.38:44 The
MINORS score for noncomparative studies was 9.2, which indicates
a low quality of evidence. The MINORS score for comparative
studies was 16.7, which indicates a moderate level of evidence.

Patient-reported outcomes

There were 12 different outcome scores reported after ATSA
with American Shoulder and Elbow Surgeons (ASES), Constant, and
visual analog scale (VAS) pain scores being the most common
(Table II). The ASES score improved from 38 to 84 at a mean follow-
up of 3.2 years. The Constant Score improved from 28 to 76 at a
mean follow-up of 3.1 years, and VAS pain scores decreased from
6.5 to 1.1 at a mean follow-up of 3.4 years. Overall, 90.9% of patients
in 6 studies reported to be satisfied with the ATSA
procedure,!5:18:32,3944.46

Fourteen different outcome scores were reported after RTSA for
nonfracture indications with ASES, Constant, VAS pain, and
Shoulder Pain and Disability Index (SPADI) scores being the most
common (Table II). The ASES score improved from 35 to 79 at a
mean follow-up of 3.4 years. Similarly, the Constant Score
improved from 29 to 64 at a mean of 3.3 years. VAS pain scores
decreased from 6.6 to 1.0 at a mean follow-up of 3.5 years, and
Shoulder Pain and Disability Index decreased from 84 to 26 at a
mean follow-up of 3.4 years. The satisfaction rate in 6 studies was
90.8%.4'26'39'44'46

There were 11 different outcome measures used to evaluate
PROs of RTSA performed for PHF, with ASES, Constant, and VAS pain
scores being the most common. The ASES, Constant, and VAS pain
scores were 74, 61, and 1.2, respectively, at a mean follow-up of 2.7
years. Overall, 88.6% of patients in 2 studies were satisfied with the
outcome of the procedure.®®

Among 4 ATSA studies including only patients over 80
years,'>18.3844 the mean ASES score improved from 38 to 91 at 3.3
years in 1 study,** and the mean Constant Score improved from 38
to 75 at 3.0 years in 2 studies.'®>® In 4 RTSA studies among patients
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Figure 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram of the literature search and study selection.

Table I
Study characteristics according to arthroplasty type.
No. of studies  Level of evidence No. of patients ~ Follow-up (yr)  Age (yr) Female  Diagnosis Mortality
ATSA 11 1l 8, 1v: 3 926 3.4 (2.0-6.7) 76.9 (74.0-84.0) 60.1%  OA: 100% 116/507 (22.9%)
RTSA
No fracture 12 III: 10, IV: 2 1067 3.1(2.0-4.9) 82.0 (75.0-87.2) 75.4% RCA: 70.3%, OA: 17.3%,  67/439 (15.3%)
MIRCT: 4.1%
Fracture 8 I: 2,01 1, 10: 3, 1V: 2 310 2.7 (24-3.1) 78.8 (74.7-81.8)  87.0% PHF: 100% 18/179 (10.1%)

ATSA, anatomic total shoulder arthroplasty; RTSA, reverse total shoulder arthroplasty; OA, osteoarthritis; RCA, rotator cuff arthropathy; MIRCT, massive irreparable rotator cuff

tear; PHF, proximal humerus fracture.

Follow-up, age, sex, and diagnosis represent weighted mean values by sample size; ranges reported in parentheses. Only the three most common diagnoses are listed.

over 80 years, ASES score increased from 35 to 81, Constant Score
increased from 30 to 63, and VAS pain decreased from 6.7 to 1.1 at
3.2 years.***

There were 2 studies that evaluated the clinical outcomes of
RTSA in patients with glenohumeral OA and an intact rotator
cuff.?®4% The ASES score was 83 at 4.8 years,*® and the Constant
Score was 68 at 2.4 years.”® One study reported that the Constant
Score was significantly higher in the ATSA group compared to that
of the RTSA group.”® However, no difference in ASES score was
observed between ATSA and RTSA groups in another study.*®

Range of motion

Eight studies reported both pre-and postoperative motion after
TSA >1>:18:19.28,38.39.44 There was a mean improvement from 93° to
153° in forward elevation, 96° to 129° in abduction, and 20° to 55°
in external rotation (Table III). In studies reporting internal rotation
relative to vertebral level, internal rotation improved a mean of 5
vertebral levels.>!>28.38

Among RTSA studies performed for nonfracture indications, 8
studies reported both pre- and postoperative
motijon. 2111427283944 Egrward elevation improved from 71° to
130°, whereas abduction improved from 74° to 129° and external
rotation improved from 18° to 36° (Table III). Internal rotation was

measured in 7 studies with mean improvement of 2 vertebral
levels, 241114,27,28,46
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For RTSA performed for acute PHF, postoperative forward
elevation, abduction, and external rotation were 125°, 112°, and
22¢, respectively (Table III). Two studies achieved a mean internal
rotation level of L4 level,'%** whereas 2 others reported attaining
between L4 and L5 or buttocks and sacrum.%3>

Subgroup analysis of ATSA studies including only patients over
80 years showed that forward elevation improved from 87° to 141°
and external rotation improved from 15° to 43°.1>18:3844 Simjlarly,
forward elevation improved from 68° to 129° and external rotation
improved from 18° to 37° in patients over 80 years who underwent
RTSA for nonfracture indications.*!1444

Among RTSA patients with a diagnosis of glenohumeral OA and
an intact rotator cuff, flexion, abduction, and external rotation at
final follow-up was 160°, 150°, and 20°, respectively.”® One study
reported that abduction was significantly higher in the ATSA group
compared to that of the RTSA group,?® though no significant dif-
ference in motion was observed between groups in another
study.*®

Radiological outcomes

Seven TSA studies evaluated radiological outcomes at a mean
follow-up of 3.2 years (Table [V).21518.19.28.38.39 oy the humeral side,
long-stem implants were used in 3 studies,'>'®!° short-stem im-
plants in 2 studies,>*® stemless implants in 1 study,”® and mixed
implants in 1 study.>® All but 1 study predominantly utilized press-
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Table II
Weighted means for patient-reported outcomes according to arthroplasty type.
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VAS pain ASES Constant Satisfaction
ATSA
No. of studies 8 6 6 6
No. of patients 677 685 363 398
Preoperative 6.5 (5.6-9.8) 38 (37-40) 28 (25-54) NA
Follow-up 1.1 (0.0-2.0) 84 (78-91) 76 (65-89) 90.9% (80.0%-100%)
Change 5.4 (4.9-7.8) 46 (41-49) 48 (35-51) NA
RTSA (no fracture)
No. of studies 10 8 7 6
No. of patients 898 690 696 551
Preoperative 6.6 (5.7-9.0) 35 (32-41) 29 (16-39) NA
Follow-up 1.0 (0.0-1.6) 79 (73-83) 64 (56-80) 90.8% (70.0%-93.0%)
Change 5.6 (4.5-8.0) 44 (38-46) 35 (32-46) NA
RTSA (fracture)
No. of studies 4 4 7 2
No. of patients 178 161 288 61
Follow-up 1.2 (0.9-1.5) 74 (72-77) 61 (47-76) 88.6% (87.0%-91.0%)

VAS, Visual Analog Scale; ASES, American and Shoulder Elbow Surgeons; ATSA, anatomic total shoulder arthroplasty; RTSA, reverse total shoulder arthroplasty; NA, not applicable.

Ranges reported in parentheses.

Table III
Weighted means of range of motion according to arthroplasty type.
Flexion (°) Abduction (°) External
rotation (°)
ATSA
No. of studies 8 3 8
No. of patients 476 88 476
Preoperative 93 (80-105) 96 (70-103) 20 (7-26)
Follow-up 153 (137-170) 129 (90-160) 55 (23-64)
Change 60 (38-65) 33 (20-58) 35(13-43)
RTSA (No Fracture)
No. of studies 8 6 8
No. of patients 804 593 804
Preoperative 71 (60-93) 74 (60-106) 18 (8-26)
Follow-up 130 (90-160) 129 (90-160) 36 (20-47)
Change 59 (30-77) 57 (19-77) 18 (5-30)
RTSA (fracture)
No. of studies 8 5 7
No. of patients 312 213 281
Follow-up 125 (118-139) 112 (109-114) 22 (17-24)

ATSA, anatomic total shoulder arthroplasty; RTSA, reverse total shoulder arthro-
plasty.
External rotation measured with arm at side. Ranges reported in parentheses.

fit implants, except when bone quality was poor and cement was
utilized.”>>® Humeral radiolucencies were assessed with 3 different
methods and were present in 1.4% of patients. There was only 1
(0.2%) case of humeral loosening that had no reported clinical
consequence.”” Humeral subluxation in TSA was reported in 3
studies with a 7.8%, 8.3%, and 2.3% rate of superior, anterior, and
posterior subluxation, respectively.”>'®!° One study found that
patients with moderate to severe superior humeral migration had
worse Constant and pain scores compared to patients with no or
mild migration;'® however, the correlation between humeral sub-
luxation and PROs was not corroborated by other studies.!>!

All ATSA studies used a cemented pegged or keeled glenoid all-
polyethylene glenoid component. However, in 1 study, 40% of their
patients had received a metal-backed glenoid component.'” Gle-
noid radiolucencies were reported in 5 studies with a prevalence of
42.9% using variable classification systems. Of which, 3.6% of pa-
tients were found to have radiologically loose glenoid components,
but none underwent revision surgery as 24% of these patients
declined further surgery and the remaining patients did not have
clinically relevant symptoms.'>'® The presence of a glenoid radio-
lucency was not associated with pain or range of motion in 1
study.”
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Seven RTSA studies for nonfracture indications assessed the
radiological outcome at a mean of 3.0 years (Table [V).%111426.27.28,39
Long-stem implants were used in 4 studies,'?%?”3 short-stem
implants in 1 study,’® mixed implants in 1 study,'* and the
remaining study did not specify implant used.* Humeral radiolu-
cencies were identified in 7.2% of patients, but radiologically loose
humeral components were found in only 1 (0.3%) patient'' Glenoid
radiolucencies were reported only in 3 studies and found in 2.4% of
patients.!?”?8 Radiological baseplate loosening was identified in 2
(0.5%) patients, of which only 1 patient required revision surgery.'!
Scapular notching was reported in all studies using the Sirveaux-
Nerot classification and was present in 18.6% of shoulders. Of the
4 studies that graded the severity of scapular notching, 16.3% was
grade 1, 6.2% grade 2, 2.1% grade 3, and 0.6% grade 4.!2728

Among 8 RTSA studies for PHF, radiological assessment was
performed at a mean follow-up of 2.7 years.%01317:20.25.3435 pyy
meral radiolucencies were present in 4.9% of patients. No glenoid
radiolucencies were identified and there was no radiological loos-
ening of either component. Scapular notching was present in 20.5%
of shoulders, but of the 6 studies that graded the severity of
notching, 9.6% was grade 1, 7.0% grade 2, and 1.3% grade
3 10.13,17.202535 Apatomic healing of the tuberosity occurred in 65.6%
of shoulders.

Complications

The overall complication rate of 9 ATSA studies was 10.2%
(range, 3.8%-28.9%) (Table V).>15:18:19.28,38,39.44,46 The most common
complication was secondary rotator cuff tear, which occurred in
3.7% of patients. Other less common complications included gle-
noid loosening (2.9%), hematoma (1.1%), nerve injury (0.9%),
intraoperative fracture (0.7%), instability (0.6%), periprosthetic
fracture (0.4%), and prosthetic joint infection (0.1%). The only
prosthetic joint infection was treated with long-term suppressive
antibiotics without surgery.'®

Among 10 RTSA studies for nonfracture indications, the total
complication rate was 9.9% (range, 3.5%-41.9%)
(Table V). 241114.2627.28,394446 The most common complication was
an acromion stress fracture, occurring in 6.1% of patients. Other less
common complications included nerve injury (3.1%), periprosthetic
fracture (1.0%), instability (0.9%), intraoperative fracture (0.4%),
and prosthetic joint infection (0.4%). All nerve injuries except for
3 patients resolved spontaneously at the time of final
follow-up. > 1144445
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Table IV
Radiological evaluation of anatomic and reverse total shoulder arthroplasty.
ATSA RTSA (no fracture) RTSA (fracture)
No. of No. of Rate No. of No. of Rate No. of No. of Rate
Studies  pooled studies  pooled studies Pooled
patients patients Patients
Humeral radiolucency 6 423 1.4% (0%-9.1%) 5 559 7.2% (2.3%-16.3%) 5 205 4.9% (0%-12.9%)
Humeral loosening 7 471 0.2% (0%-2.1%) 6 383 0.3% (0%-0.6%) 6 229 0% (no range)
Humeral subluxation
Superior 3 348 7.8% (3.1%-10.4%) NA NA NA NA NA NA
Anterior 3 348 8.3% (4 27 9.4%) NA NA NA NA NA NA
Posterior 3 348 2.3% (0%-3.1%) NA NA NA NA NA NA
Glenoid radiolucency 5 182 42.9% (13.6%-100%) 3 254 2.4% (0%-9.4%) 3 109 % (no range)
Glenoid loosening 7 471 3.6% (0%-18.8%) 6 383 0.5% (0%-1.1%) 6 229 04, (no range)
Scapular notching NA NA NA 7 645 18.6% (6.3%-41.1%) 8 308 20.5% (0%-47.4%)
Anatomic tuberosity union NA NA NA NA NA NA 8 308 65.6% (36.8%-84.2%)

ATSA, anatomic total shoulder arthroplasty; RTSA, reverse total shoulder arthroplasty; NA: not applicable.
For each radiological outcome, the rate is calculated relative to the total number of patients within the pooled data. The range of rates for the included studies is reported in

parentheses.

Table V

Complications and reoperations after anatomic and reverse total shoulder arthroplasties.

ATSA RTSA (no fracture) RTSA (fracture)
No. of No. of Rate No. of No. of Rate No. of No. of Rate
Studies pooled studies pooled studies pooled
patients patients patients
Complications
Overall 9 697 10.2% (3.8%-28.9%) 10 907 9.9% (3.5%-41.9%) 8 313 5.4% (0%-10.3%)
Rotator cuff tear 9 697 3.7% (0%-11.1%) NA NA NA NA NA NA
Acromial stress fracture NA NA NA 6 441 6.1% (2.3%-25.6%) 2 79 0% (no range)
Glenoid loosening 7 577 2.9% (0%-18.8%) 7 729 0.3% (0%-0.6%) 6 234 0% (no range)
Intraoperative fracture 9 697 0.7% (0%-2.2%) 10 907 0.6% (0%-6.3%) 8 313 O% (no range)
Periprosthetic fracture 9 697 0.4% (0%-2.0%) 10 907 1.0% (0%-3.2%) 8 313 .0% (0%-4.2%)
Instability 9 697 0.6% (0%-1.0%) 10 907 0.9% (0%-3.0%) 8 313 0 6% (0%-2.4%)
Nerve injury 5 577 0.9% (0%-14.3%) 5 389 3.1% (1.1%-3.1%) 4 154 1.9% (0%-4.2%)
Prosthetic joint infection 9 697 0.1% (0%-0.3%) 10 907 0.4% (0%-3.1%) 8 313 1.0% (0%-3.4%)
Hematoma 4 556 1.1% (0.8%-3.1%) 3 244 0.4% (0%-3.1%) 5 193 2.6% (0%-4.8%)
Reoperation
Overall 10 905 2.3% (0%-6.9%) 11 1011 2.2% (0%-7.7%) 8 313 3.2% (0%-9.5%)
Revision arthroplasty 10 905 2.0% (0%-6.7%) 11 1011 1.4% (0%-6.7%) 8 313 1.6% (0%-5.2%)

ATSA, anatomic total shoulder arthroplasty; RTSA, reverse total shoulder arthroplasty; NA, not applicable.
For each complication or revision, the rate is calculated relative to the total number of patients within the pooled data. The range of rates for the included studies is reported in

parentheses.

For 8 RTSA studies performed acute PHF, the total complication
rate was 5.4% (range, 0%-10.3%).6:10:13.17.20.25,34.35 The most common
complication was postoperative hematoma, which occurred in 2.6%
of patients. Other less common complications included nerve
injury (1.9%), prosthetic joint infection (1.0%), periprosthetic hu-
merus fracture (1.0%), and instability (0.6%).

Reoperations and implant survivorship

Ten TSA studies reported reoperation rate of 2.3% (range, 0%-
6.9%) at 3.7 years (Table V),21>18.19.28,32,38,39,44.46 Tha most common
indication for reoperation after TSA was secondary rotator cuff tear.
Although 3.7% of patients had secondary rotator cuff tears, only 1.1%
of patients underwent revision arthroplasty for this indication.
Three studies reported that the reason that over half of their pa-
tients chose to forgo revision surgery was due to minimal pain and
maintenance of sufficient mobility to perform activities of daily
living.">%3? Less common causes for revision arthroplasty included
instability (0.4%), periprosthetic fracture (0.3%), and glenoid loos-
ening (0.1%). In the 2 studies that reported complications of glenoid
loosening, all patients declined further surgery due to mild clinical
symptoms.>'® Two studies reported the reoperation-free implant
survival with 98.9% of implants surviving at 5-year and 93.1% of
implants surviving at 8-year follow-ups.'%4®
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The total reoperation rate among RTSA performed for non-
fracture indications was 2.2% (range, 0%-7.7%) at 3.2 years
(Table V)24111426.27.28,3239.4446 prosthetic joint infection was the
most common indication for revision arthroplasty, occurring in
0.6% of patients. All infections were treated in two-stage fashion.
Less common procedures included revision arthroplasty for insta-
bility (0.5%), open reduction internal fixation of a periprosthetic
humerus fracture (0.4%), hematoma evacuation (0.1%), and open
reduction (0.1%) for instability. Two studies reported the
reoperation-free implant survival with 98.3% of implants surviving
at 5-year and 97% of implants surviving at 8-year follow-ups.'"®

At 2.7-year follow-up, the reoperation rate of RTSA performed
for acute PHF was 3.2% (range, 0%-9.5%).610:13.17.20.25.34.35 Hematoma
evacuation and prosthesis explant performed for a deep infection
were the most common procedures, both occurring in 1.0% of pa-
tients. Additionally, there were 2 revision arthroplasties performed
for instability. Implant survivorship was reported in only 1 study
with a 96.8% survival at 3.3 years.>®

Mortality

Among ATSA and RTSA studies for nonfracture indications, 7
studies reported mortality after surgery.!t4119263846 Three
studies utilized the Mayo Clinic Total Joint registry, though there
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was no overlap in the study period or the type of arthroplasty.!>19
The mortality rate after surgery was 19.3% with 3 studies reporting
a mean time to death of 6.1 years.'"'>% In 1 study that analyzed
patients over 80 years using the Mayo Clinic Total Joint Registry, the
mortality rate was 87% after ATSA at a mean time of 7.5 years.
Among PHF studies, there were 4 studies that reported mortality
after surgery.5?%%>3> The mortality rate was 10.1% with all patient
deaths occurred within 3 years of surgery. The mean time to death
was reported in one study and was 1.6 years.”> One patient who
underwent RTSA for a PHF died 8 days after surgery secondary to
pneumonia.’’ No other deaths were related to the procedure.

Discussion

In this systematic review of 24 studies including patients older
than 70 years, TSA is associated with excellent clinical outcomes
and low complication rates at early to mid-term follow-up. Sec-
ondary rotator cuff tears and revisions were rare despite the mean
age of 77 years. Moreover, patients who underwent ATSA generally
had better motion and functional outcomes compared to those who
underwent RTSA; however, these comparisons were made across
different indications for arthroplasty. Similar trends in clinical
outcomes were also observed among studies including only pa-
tients older than 80 years.

Although both prostheses had significant improvements in all
planes of motion, the final postoperative forward elevation,
external rotation, and internal rotation were 23°, 19°, and 3 verte-
bral levels greater in patients who underwent ATSA compared to
those who underwent RTSA for nonfracture indications, respec-
tively. These findings may reflect the absence of a functional rotator
cuff in the majority of patients who underwent RTSA for rotator cuff
arthropathy and the decreased moment arms of the rotator cuff
muscles associated with the medialized center of rotation in a
reverse prostheses.> Additionally, technical variation in the gleno-
sphere position and humeral offset may also contribute to the
decreased active motion seen in RTSA studies, as maximal
impingement-free range of motion has been shown to occur with
increased inferior translation, inferior tilt, and lateralization of the
glenosphere.?* In a subgroup analysis of ATSA and RTSA performed
for OA with an intact cuff, the results were mixed with one study
showing superior motion among ATSA patients and another
showing no difference.’®%% A recent meta-analysis of 6 studies
including patients of all ages with OA and an intact cuff found that
external rotation was significantly better for ATSA than for RTSA.??
Elderly patients who underwent RTSA for acute PHF also had less
external rotation than patients who underwent RTSA for non-
fracture indications. Nonunion or malunion of the greater tuber-
osity occurred in 34.4% of patients and has been shown to be
associated with decreased flexion and external rotation.%!°

Despite starting with similar preoperative ASES and Constant
Scores, patients over the 70 years who underwent ATSA had higher
absolute and change in scores compared to those who underwent
RTSA for nonfracture indications. Shah et al®*® reported that the
percentage of patients over 75 years achieving minimal clinically
important difference was similar between ATSA and RTSA, but
90.5% of ATSA patients achieved substantial clinical benefit
compared to 76.9% of RTSA patients. Additionally, only 1 of 6
studies that directly compared ATSA and RTSA in the elderly re-
ported no significant differences.*® The improved outcomes among
TSA patients may be attributed to higher gains in motion and
function rather than decreased pain, as VAS pain scores were
similar in both groups before and after surgery. It should be noted,
however, that many of the patients undergoing RTSA had very
distinctly different pathologic diagnoses and would not be appro-
priate candidates for ATSA given the lack of a functional rotator cuff.
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Of the 2 RTSA studies in this review that only included patients
with OA and an intact cuff, the Constant Score was lower than that
of the pooled ATSA patients, but the ASES score was similar.?%4
Kim et al*? also found no significant difference in Constant Score,
ASES, subjective shoulder value, and Simple Shoulder Test in a
meta-analysis of ATSA and RTSA studies performed for OA with an
intact cuff. While there appears to be an advantage of ATSA over
RTSA in terms of functional outcomes, the percentage of patients
who were satisfied after the surgery was similar at 90.9% and 91.3%,
respectively. These satisfaction rates are consistent with what has
been reported for all ages in the literature, which ranges from 75%
to 100% for ATSA and 79% to 90% for RTSA.>>

Concerns about late rotator cuff failure after ATSA coupled with
reliable satisfactory outcomes after RTSA for multiple indications
has prompted some surgeons to utilize RTSA for elderly patients
with glenohumeral OA with an intact rotator cuff.'® Although sec-
ondary symptomatic rotator cuff tears after ATSA were the most
common complication and indication for revision, the overall
incidence was low. In this review, 3.7% of patients were found to
have secondary rotator cuff tear with only 1.1% of patients requiring
revision surgery. Patients who declined revision had minimal pain
and maintenance of acceptable function to perform activities of
daily living.”>!'%3? It is also important to consider how one defines
secondary rotator cuff failure as this can influence the reported
complication rate. Prior studies have used radiographic evidence of
postoperative superior humeral head migration as the definition of
secondary rotator cuff tear, regardless of patient symptoms.*>*” For
example, in a series of 518 patients at 8.6 year follow-up, Young
et al*/ identified radiographic evidence of rotator cuff dysfunction
in 16.8% of patients, yet only 1 patient went onto revision due to
cuff failure. Utilizing this definition could potentially overestimate
the cuff failure rate and would increase its incidence to 7.8% in this
review.

The surgical complication rates of ATSA and RTSA in patients
over 70 years were similar and low at 10.2% and 9.9%, respectively.
These findings contrast with older systematic reviews that reported
a much higher complication rate ranging from 16.1% to 24.0% after
RTSA at a mean follow-up of 3.5 years, suggesting that complica-
tions have decreased due to contemporary surgical techniques and
implants.”>*® Not surprisingly, the most common complication after
RTSA in our review was an acromion stress fracture, which
occurred in 6.1% of patients. This incidence is higher than that of
prior studies, which ranged from 1.5% to 2.6%.>”4% The increased
frequency of these insufficiency fractures may have been com-
pounded by the decreased bone quality among our older popula-
tion.! The consequences of acromial stress fractures have been
demonstrated in several prior studies which showed a consistent
trend of decreased PROs compared to those who did not sustain a
fracture.”>** Furthermore, the overall reoperation rate among our
elderly population was low at 2.3% at 3.7 years for ATSA and 2.2% at
3.2 years for RTSA. These rates are comparable to data from the New
Zealand Joint Registry which reported rates of 3.2% for ATSA and
1.7% for RTSA in patients over 70 years.’® Additionally, the
reoperation-free implant survivorship in patients over 70 years was
95% and 98% for TSA and RTSA at 14 years, respectively.’® Collec-
tively, these findings suggest that both ATSA and RTSA are pre-
dictable and reliable procedures among elderly patients.

Shoulder arthroplasty in this elderly population was relatively
safe with only 2 deaths (0.1%) within 90 days of surgery despite
high prevalence of comorbidities. The 30-day and 90-day mortality
of octogenarians in national database studies have been reported to
be between 0.22% and 0.5% and 2.7%, respectively.”**> The overall
mortality of all included studies was 19.3%, which is not surprising
considering that the mean age of included studies was 79.5 years
and the current life expectancy in the United States is 74.2 years for
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men and 79.9 years for women.>° Given excellent implant survi-
vorship of both ATSA and RTSA over 98% at 5 years, it is probable
that most patients over 70 years will not need a revision
procedure.'°

There were several limitations to this review. First, RTSA studies
for differing indications were aggregated together. Although an
attempt was made to separate fractures and primary OA with an
intact cuff from other degenerative indications, a recent systematic
review demonstrated that the clinical outcomes and complications
of RTSA vary by preoperative diagnoses.”! High quality studies
comparing the outcomes of ATSA and RTSA for glenohumeral OA
with an intact cuff are certainly warranted. Additionally, the im-
plants and technical aspects of the procedure, such as preparation
of the glenoid and humerus, management of bone loss, and
cementation of components, were inconsistently reported and of
varying quality. Factors that may modify the amount of
impingement-free range of motion, including the type RTSA pros-
thesis design (medial glenoid/medial humerus, medial glenoid/
lateral humerus, and lateral glenoid/medial humerus), degree of
inferior tilt, and amount of inferior translation, could not be
consistently determined. As such, no definitive conclusions could
be reached about the impact of these practices on motion, out-
comes, component loosening, or revision rates. Furthermore,
important preoperative imaging parameters, such as glenoid clas-
sification, degree of retroversion, and rotator cuff muscle quality,
were not included in data extraction due to sporadic reporting.
Lastly, the utilization of over 10 different PRO instruments among
studies limited the ability to represent some studies when aggre-
gating data.

Conclusions

Elderly patients with primary OA and an intact rotator cuff can
have predictable pain relief, restoration of functional range of
motion, and significant improvement in PROs after ATSA with low
complication rates. Secondary rotator cuff failure and revision
arthroplasty occur infrequently at early to mid-term follow-up.
Elderly patients who underwent ATSA generally had better func-
tional outcomes compared to those who underwent RTSA for
differing indications, but patient satisfaction after both procedures
were similar. Despite recent trends, age greater than 70 years
should not be the sole reason for selecting RTSA over ATSA in pa-
tients with primary OA.
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