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Abstract
Introduction: This systematic review and meta-analysis compared the revision rates, complications, and outcomes in ana-

tomic total shoulder arthroplasty (aTSA) and reverse TSA (rTSA) performed for primary glenohumeral osteoarthritis in

patients aged over 70 years without a full-thickness rotator cuff tear.

Materials and Methods: We performed a systematic literature search identifying comparative studies meeting the above patient

criteria and published from January 2010 to May 2022 from 3 databases: MEDLINE, EMBASE, and Cochrane Library. We per-

formed the systematic review in accordance with PRISMA guidelines and the study was prospectively registered on PROSPERO.

Results: From the 1798 studies identified from the initial literature search, 4 met our inclusion criteria. Two thousand seven

hundred thirty-one shoulder arthroplasties (1472 aTSA and 1259 rTSA) were evaluated with a minimum follow up of 2 years.

A statistically significant lower revision rate was observed in rTSA compared to aTSA (odds ratio [OR] 0.50, 95% confidence

interval [CI]: 0.30, 0.84, p< .05). No significant difference was noted between aTSA and rTSA in overall complication rate

(OR 0.98, 95% CI 0.34, 2.86, p= .97) while aTSA displayed a statistically significant improved postoperative Constant-

Murley score [aTSA: 80(75; 82), rTSA: 68(66; 76.5), p< .001].
Conclusion: Higher revision rates were identified following aTSA in our study population, although admittedly this is within

retrospective studies. aTSA displayed equal functional results and postoperative complications compared to rTSA in patients

over 70 without a full-thickness rotator cuff tear. Given these similar results a shoulder surgeon must carefully consider each

patient individually prior to deciding the optimal form of arthroplasty to offer.
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Introduction
The optimal surgical treatment option for patients aged over 70
with glenohumeral arthritis continues to be a disputable topic.
Anatomic total shoulder arthroplasty (aTSA) and reverse TSA
(rTSA) have displayed increasingly reliable results over the
past decades while being widely established among surgeons
as the prevailing surgical options in the treatment of end-stage
glenohumeral osteoarthritis. However, since their inception
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and development, they have been quite different in their
approach, indications, and outcomes.

There are numerous factors, indications, and parameters that
affect clinical decision making regarding the type of optimal
implant selection (aTSA or rTSA).1,2 Themost widespread indi-
cation for aTSA has been primary osteoarthritis with intact
rotator cuff,3,4 while on the other hand, rTSA has been tradition-
ally reserved for patients with rotator cuff arthropathy.3,5,6

During the past few decades however, concerns in regard to
rotator cuff failure following aTSA in older patients with
primary glenohumeral osteoarthritis, have become more preva-
lent.7 The reported rate of cuff failure following aTSA in patients
aged over 70 has been reported around 1% according to certain
studies,8 while other studies note a higher rate of rotator cuff
failure around 11% in patients aged over 80, which necessitates
conversion to rTSA.9 These concerns have led to an increased
incidence of rTSA, with shoulder surgeons increasingly likely
to council their elderly patients aged over 70 in favor of rTSA,
irrespective of the state of their rotator cuff, due to the high
rates of postoperative satisfaction achieved.7,10–14

Although rTSA has been the most prevalent surgical option
in rotator cuff-deficient shoulders,15 its effectiveness and role in
shoulders without a full-thickness rotator cuff tear compared to
aTSAmay be more equivocal. This is particularly relevant since
a number of studies have reported excellent outcomes for aTSA
in patients older than 70.7,8,16 In this systematic review and
meta-analysis, we therefore assessed and compared the
implant revision rate, clinical outcomes and complication rate
in aTSA and rTSA performed for glenohumeral osteoarthritis
in patients aged 70 years and over without a full-thickness
rotator cuff tear. We aimed to help provide some clarity in
optimal implant selection in this specific patient population.

Materials and Methods
This study was designed and executed in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines and protocols. The eli-
gibility criteria were established prior to commencing the
search. The study was registered on PROSPERO.

Study Selection
A thorough and detailed literature search was performed on 3
databases (Cochrane Library, EMBASE, and MEDLINE) for
studies that were published from January 2010 to May 2022
that performed a direct comparison of aTSA and rTSA in patients
over the age of 70 with glenohumeral osteoarthritis being the
primary cause of surgery. The following search terms were uti-
lized: (“aTSA” OR “TSA” OR “total shoulder arthroplasty”
OR “total shoulder replacement” OR “shoulder arthroplasty”
OR “rTSA” OR “reverse arthroplasty” OR “reverse shoulder
arthroplasty” OR “reverse total shoulder arthroplasty” OR
“reverse shoulder replacement”) AND (‘’arthritis’’ OR ‘’osteoar-
thritis’’). We only included studies that had English as Primary
Language or were published in English.

Two independent reviewers evaluated the titles, abstracts, and
full texts of the identified studies, following duplicates removal.
Any differences and discrepancies that existed between the 2
reviewers were discussed and resolved prior to data extraction.

The κ value was calculated at each stage to determine
level of agreement between reviewers regarding study selec-
tion. The level of agreement was categorized prior to com-
mencing the literature search using the following κ values:
κ= 1 indicated “perfect” agreement, 1.0 > κ≥ 0.8 “almost
perfect” agreement; 0.8 > κ≥ 0.6 “substantial” agreement;
0.6 > κ≥ 0.4 “moderate” agreement; 0.4 > κ≥ 0.2 to “fair”
agreement; and κ < 0.2 “slight” agreement.

The following inclusion criteria were used: (1) comparative
studies that performed a direct comparison of aTSA versus
rTSA, (2) patient population aged over 70 years old, and (3) no
history of trauma (fracture, traumatic rotator cuff tear). We only
included randomized controlled trials, cohort studies, case
control studies, and registry reviews. Biomechanical studies, tech-
nical notes, letters to the editor, expert opinions, review articles,
meta-analyses, conference abstracts, and case reports were
excluded. We also excluded studies that: (1) included patients
with full-thickness rotator cuff tears, (2) included patients under-
going revision shoulder replacement, (3) included patients
younger than 70 years old, (4) included shoulder replacement per-
formed secondary to fracture, malignancy, or chronic inflamma-
tory conditions. We only included studies with a minimum
follow-up duration of 2 years.

Our primary outcome measure was the reported revision rates
for aTSA compared to rTSA. Secondary outcome measures
included clinical outcomes (patient reported outcome measures
and functional assessment) and complication rates. We sought
to identify similar clinical outcomes reported within the studies
that could facilitate a statistical comparison and meta-analysis.
We only performed data analysis using validated clinical
outcome scores which could include the following:
Constant-Murley Shoulder (CS) score, Oxford Shoulder Score
(OSS), American Shoulder and Elbow Surgeons (ASES) score,
Visual Analog Scale (VAS) Pain Score, and Simple Shoulder
Test score. Complication rates were extracted and complications
were further subclassified depending on their type.

Quality Assessment of Included Studies
The Methodological Index for Non-Randomized Studies
(MINORS) criteria were used to assess the quality of the included
studies.17 Each of the 12 items in the MINORS criteria is scored
between zero (0) and two (2), with maximum scores of 12 and 24
for noncomparative and comparative studies, respectively.

Statistical Analysis
A meta-analysis was performed of revision rate, complications,
and functional scores using Revman (Version 5.4, The
Cochrane Collaboration). A random effects model was used.
This dichotomous variable was expressed in terms of odds
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ratio (OR), with 95% confidence interval (CI) stated. Graphical
representation of this was performed using forest plots.

The primary outcome of this meta-analysis was defined as
the comparison of revision rates among the patients who
underwent aTSA and rTSA. Secondary outcomes were
defined as the complication rate between the 2 groups,
which also included radiological complications as well as
functional outcome scores (CS Score).

Results
From the initial literature search, 1798 relevant studies were
identified (Figure 1). Following the removal of 400 duplicate
abstracts, and the further removal of 6 abstracts that were pub-
lished before 2010, 1392 abstracts were screened. Out of these,

1306 were removed following abstract and title evaluation. As a
result, 86 were submitted for full-text review. After appropriate
evaluation and discussion between the 2 reviewers, 4 studies
that met the inclusion criteria were selected as eligible,1,10,12,18

with a total number of 2731 shoulder arthroplasties and a
minimum follow up of 2 years (Table 1).

The agreement in study selection between the 2 reviewers
was “substantial” at the abstract review stage (κ= 0.725), and
“perfect” at the full-text review stage (κ= 1.0).

Methodological Quality Assessment
The mean MINORS score for methodological quality assess-
ment was 18 of 24 (range 17-20). All studies lost points for
the retrospective study design and prospective calculation

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram.
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of the study size. Three out of 4 studies did not have an unbi-
ased assessment of the study endpoint. Two studies lost 1
point each for as patients were lost to follow up (Table 2).

Outcome Measures
Four studies compared the overall revision rate between aTSR
versus rTSA with the minimum of 2 year follow up. The
overall revision rate for aTSA was 3.05% and for rTSA was
1.18%. Our analyses showed that there was a statistically signif-
icant difference in revision rate between rTSA and aTSR, with
rTSA displaying a lower revision rate (OR 0.50, 95% CI: 0.30,
0.84, p< .05, I2=0%; Figure 2). We identified that the most
common reason for revision rTSA was infection,12,18 whereas
the most common reason for revision following aTSA was
rotator cuff tear.1,12 We assessed the studies in regard to the
overall complication rate in aTSA and rTSA.

Two studies1,12 included complete data regarding types of
complication and total complication rate. Reported complica-
tions included periprosthetic fracture, glenoid loosening,
scapula notching, instability, deep infection, nerve palsy,
vascular injury, secondary rotator cuff tear, deep venous
thrombosis and hematoma (Table 3). The overall complica-
tion rate for aTSA was 7.9% and for rTSA was 8.8%. Our
results showed that there was no statistical difference in the
overall complication rate between the 2 systems (OR 0.98,
95% CI: 0.34, 2.86, p= 0.97, I2= 0%; Figure 3).

Clinical outcome scores that were encountered included the
following: CS Score, OSS, ASES, and VAS Pain score
(Table 1). The postoperative VAS Pain Score was also
extracted from 2 out of 4 studies.1,12 Unfortunately, a direct
comparison was not possible due to the absence of statistical
data in the presented material [Lack of Standard Deviation
(SD)]. As a result, a meta-analysis could not be performed.
On the available data, both Merolla et al1 [aTSA: 1(0; 1),
rTSA: 1 (0; 2), p= .393] and Wright et al12 (aTSA: 0.72 +/−
1.93, rTSA: 0.31 +/− 0.72, p= .183) reported no difference
in postoperative VAS Pain score between the 2 systems.

Table 1. Studies Included in the Meta-Analysis.

Authors Year

Total

procedures

Number of aTSA

and rTSA

Follow-up duration

(months)

Mean age

(years) Type of study

Clinical outcome

scores

Merolla et al 1 2019 58 26 (aTSA) 28.8 (27–30) 71.6 Retrospective

cohort study

CS, VAS

32 (rTSA)

Mowbray

et al 18
2021 2490 1307 (aTSA) Over 3 years Over 70 Registry review OSS

1183 (rTSA)

Steen et al 10 2015 48 37 (aTSA) Over 2 years Over 80 Retrospective

cohort study

ASES

11 (rTSA)

Wright et al
12

2019 135 102 (aTSA) 85 77 (aTSA) Retrospective

cohort study

ASES, VAS

33 (rTSA) 78 (rTSA)

Total 2731 1472 (aTSA) - - - -

1259 (rTSA)

Abbreviations: ASES, American Shoulder and Elbow Surgeons score; aTSA, anatomic total shoulder arthroplasty; CS, Constant-Murley Shoulder score; OSS,

Oxford Shoulder Score; rTSA, reverse TSA; VAS, Visual Analog Scale score.

Table 2. Methodological Items for Non-Randomized Studies

Score.

Methodological Items

for Non-Randomized

Studies

Merolla

et al 1
Mowbray

et al 18
Steen

et al 10
Wright

et al 12

1. A clearly stated aim 2 2 2 2

2. Inclusion of

consecutive

patients

2 2 2 2

3. Prospective

collection of data

0 0 0 0

4. Endpoints

appropriate to the

aim of the study

2 2 2 2

5. Unbiased

assessment of the

study endpoint

2 0 0 0

6. Follow-up period

appropriate to the

aim of the study

2 2 2 2

7. Loss to follow up

<5%

2 2 1 1

8. Prospective

calculation of the

study size

0 0 0 0

9. An adequate

control group

2 2 2 2

10. Contemporary

groups

2 2 2 2

11. Baseline

equivalence of

groups

2 2 2 2

12. Adequate

statistical analysis

2 2 2 2

Total (out of 24) 20 18 17 17

The items are scored 0 (not reported), 1 (reported but inadequate), or 2

(reported and adequate). The global ideal score is 16 for noncomparative

studies and 24 for comparative studies.
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Only 1 of the studies included data on CS.1 On the avail-
able data, Merolla et al1 reported a statistically significant
improved postoperative CS [aTSA: 80(75; 82), rTSA:
68(66; 76.5), p < .001], in patients who underwent aTSA.1

Discussion
While there are theoretical advantages of rTSA over aTSA in
patients over the age of 70, the literature is sparse, with little
data available to guide surgeons on implant selection in the
aforementioned population.

To our knowledge, this is the first systematic review to
directly compare the outcomes of the 2 surgical procedures
in the case of primary osteoarthritis tear in patients over the
age of 70 without a full-thickness rotator cuff tear.

The results of this study indicate that when a rTSA is per-
formed for cases of osteoarthritis, the revision rate is better
than when an aTSA is performed. Furthermore, there is no

statistical difference between the 2 procedures in terms of
overall complication rate or functional outcomes.

It is estimated that following shoulder arthroplasty, the life-
time risk of implant revision can be as high as 24% for patients
aged 60 and younger, while for those aged 85 and older, the life-
time risk of revision is significantly lower, estimated at only
4%.19 In regard to the revision rate in all our studies, there
was a mean follow up of more than 2 years (Table 1). The
most common cause of revision in aTSA was rotator cuff tear,
while the most common cause of revision in rTSAwas infection.

Regarding the revision rates between rTSA and aTSA
systems, current literature has largely shown either no difference
or a better revision rate for rTSA.20Οur study has identified a sta-
tistically significant lower revision rate for rTSA compared to
aTSA. This suggests that rTSA may be a viable option for treat-
ing osteoarthritis in our specific study population with more
favorable revision rates. However, we believe that the low revi-
sion rate could be attributed to the fact that revising an rTSA
system is more challenging than revising an aTSA system.21,22

Given the retrospective nature of our included studies, we
realize that there is no randomization between the 2 groups
(aTSA and rTSA) that were compared. It is well established at
this point that patients who are offered rTSA are typically older
and have a lower activity level than those offered aTSA.3,5,15

As a result, they are less likely to be offered or to accept a revision
shoulder arthroplasty procedure, with evidence having previously
shown lower revision rates in lower demand patients.21,22 This
could indicate a degree of selection bias which we are unable
to eliminate, due to the nature of the studies included in our
review and the lack of randomized studies in current literature.

Elderly patients are at a high risk when undergoing shoul-
der replacement, as it has been reported that shoulder arthro-
plasty for patients over 75 years old can increase hospital
mortality, 1-year mortality, the length of stay in the hospital,
and the readmission rate.23,24 The majority of papers in the
current literature show that there is no difference in overall com-
plication rate between aTSA and rTSA, although the nature of
the complication is different.15,25–27 However, other studies
demonstrate that rTSA has a higher complication rate compared
to aTSA, as it can increase mechanical complications, blood
loss, postoperative pain, and the length of stay.28

Figure 2. Forest plot displaying the odds ratios of revision rate due to reverse total shoulder arthroplasty and anatomic total shoulder arthroplasty.

Table 3. Postoperative Complications Included in the

Meta-Analysis.

Complications aTSA rTSA

Rotator Cuff tear 3.8% (1/26)a 0%a

10.7% (11/102)a 0%a

Intra-operative fracture 0%a 3.1% (1/32)a

0%a 0%a

Instability 0%a 0%a

0.98% (1/102)a 0%a

Periprosthetic fracture 0%a 3.1% (1/32)a

1.9% (2/102)a 3% (1/33)a

Deep infection 0%a 0%a

0%a 3% (1/33)a

Nerve palsy 0%a 0%a

0%a 3% (1/33)a

Vascular injury 0%a 0%a

0%a 3% (1/33)a

Total complications 3.8% (1/26)a 6.25% (2/32)a

13.7% (14/102)a 1.2% (4/33)a

a Merolla et al.1

b Wright et al.12

Abbreviations: aTSA, anatomic total shoulder arthroplasty; rTSA, reverse

TSA.
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The most common complication found in our study follow-
ing aTSA is rotator cuff tear. This is followed by periprosthetic
fracture and instability in the postoperative period. The most
common complications encountered with rTSA were
intra-operative or postoperative periprosthetic fracture followed
by deep infection, nerve palsy, and vascular injury.

There is controversy in the literature regarding the functional
outcomes between aTSA and rTSA for patients over 70 years
old without a full-thickness rotator cuff tear. While some
studies have reported that aTSA has better functional outcomes,
others have concluded that it has worse outcomes.3,29

Additionally, other studies report no difference in the functional
outcome between aTSA and rTSA.1,11,25,26 Mowbray et al18

included 2490 patients for their functional outcomes (OSS),
where they reported that for elderly population aged over 70
with osteoarthritis as primary diagnosis and intact rotator cuff,
aTSA was associated with an improved OSS compared to
primary rTSA.18 We were unable to include this clinical
outcome in our meta-analysis as Mowbray et al18 was the only
study using OSS. Furthermore, the study conducted by Merolla
et al1 involved58patients and reportedan improvedpostoperative
CS in favor of the aTSA system. However, the CS delta scores
achieved by the patients in the rTSA subgroup were similar to
those of the aTSA subgroup, a finding that indicates the excellent
pain relief and recovery of shoulder function provided by the
rTSA system.1 Our results are derived from studies with a
minimum of 2-year follow up. However, there could be a
further decline of function in patientswith rTSA6 to 8 years post-
operatively that our study is not able to comment on.30

Therefore, when deciding the best treatment option for gle-
nohumeral osteoarthritis in patients without a full-thickness
cuff tear, we suggest that functional outcome should be consid-
ered in addition to variables such as age, patient activity, and
dominant hand. This comprehensive approach will ensure that
the best possible treatment is chosen for each individual patient.

Limitations
Our study had a few limitations. The number of our studies was
small as we wanted to perform a direct comparison between
aTSAand rTSApatients,whichmay lead to the results beingmis-
representative of a larger population. Furthermore, the data was
collected from different sites, and this could lead to differences

in the functional outcome scores used.We attempted tominimize
this by including only comparable scores. Additionally, we did
not evaluate the riskof bias arising from thevariable quality of dif-
ferent arthroplasty systems, concepts, and patient demographics,
which is unavoidable in a systematic review study. Also, in 1 of
the studies that we included, there could be an underlining differ-
ence in patient characteristics between rTSA and aTSA, as there
was a conversion from aTSA to rTSA due to intraoperative diffi-
culties.10 Lastly, our study did not have long-term follow up, so
further research with long-term follow up is necessary to
confirm which system is superior in the elderly populations.

Conclusion
Based on the results of our meta-analyses, it was found that
utilizing rTSA as the implant of choice results in a lower revi-
sion rate compared to aTSA. However, there was no signifi-
cant difference in the complication rate or functional scores
among the various systems evaluated.

Therefore, when selecting an appropriate implant, a surgeon
must take into account various patient factors such as their indi-
vidual needs, activity level, specific activities the patient desires
to perform, age, as well as the condition of the cuff tissue. It is
essential to take all of these factors into account in order to
ensure the best possible outcome for the patient.
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