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Background: Reverse shoulder arthroplasty (RSA) is offered to young patients with a failed previous
arthroplasty or a cuff-deficient shoulder, but the overall results are still uncertain. We conducted a
systematic review of the literature to report the midterm outcomes and complications of RSA in patients
younger than 65 years.
Methods: A search of the MEDLINE and Cochrane electronic databases identified clinical studies
reporting the results, at a minimum 2-year follow-up, of patients younger than 65 years treated with an
RSA. The methodologic quality was assessed with the Methodological Index for Non-Randomized Studies
score by 2 independent reviewers. Complications, reoperations, range of motion, functional scores, and
radiologic outcomes were analyzed.
Results: Eight articles were included, with a total of 417 patients. The mean age at surgery was 56 years
(range, 21-65 years). RSA was used as a primary arthroplasty in 79% of cases and revision of a failed
arthroplasty in 21%. In primary cases, the indications were cuff tear arthropathy and/or massive irrep-
arable cuff tear in 72% of cases. The overall complication rate was 17% (range, 7%-38%), with the most
common complications being instability (5%) and infection (4%). The reintervention rate was 10% at 4
years, with implant revision in 7% of cases. The mean weighted American Shoulder and Elbow Surgeons
score, active forward elevation, and external rotation were 64 points, 121�, and 29�, respectively.
Conclusions: RSA provides reliable clinical improvements in patients younger than 65 years with a cuff-
deficient shoulder or failed arthroplasty. The complication and revision rates are comparable to those in
older patients.

© 2019 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Reverse shoulder arthroplasty (RSA) was initially designed
for the treatment of cuff tear arthropathy (CTA)12 but was
progressively used to treat different etiologies.4 Although
initially implanted in elderly patients with cuff-deficient
shoulders, RSA is now commonly used for revision of previ-
ously failed shoulder arthroplasty in younger patients, as well
as in young patients with nonfunctional shoulders after irrep-
arable cuff tears or fracture sequelae.3,14,23,24 However, the
outcomes of these implants in this younger, more active and
more demanding population are still uncertain. In recent years,
some authors have reported the results of RSA in this specific
population, and we were interested in pooling these data to
stitut Universitaire Locomo-
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answer the following questions: (1) What are the indications to
perform an RSA in patients younger than 65 years? (2) What are
the overall complication and revision rates? (3) What are the
overall functional outcomes in this specific patient population?
Therefore, we conducted a systematic review of the literature to
assess midterm functional outcomes and complications of RSA
in younger patients.
Methods

We followed the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses) guidelines,20 and our review
protocol was registered in the PROSPERO database5 (registration
no. CRD42018116351), an international register of systematic re-
view protocols, and can be accessed at http://www.crd.york.ac.uk/
PROSPERO/display_record.asp?ID¼CRD42018116351.
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PICOT (population, intervention, control, outcomes, time) statement

The PICOT (population, intervention, control, outcomes, time)
statement was defined as follows: population, patients younger
than 65 years; intervention, RSA; control, none; outcomes,
complication rate, revision rate, range of motion, and functional
scores; and time, at least 2 years of follow-up

Search strategy

An electronic search of the MEDLINE and Cochrane databases
between 1986 andMay 2019 was performed onMay 31, 2019, using
a combination of the keywords “reverse shoulder arthroplasty,”
“reverse,” and “arthroplasty or replacement” and one of the
following terms: “young,” “younger,” “65,” “60,” “55,” or “50.” We
analyzed the titles and abstracts of the studies, and when the ab-
stract indicated a clinical study including patients younger than 65
years who were treated with an RSA, then the study was selected
for subsequent analysis. The references of the included studies
were screened for eligibility.

Study eligibility

The inclusion criteria were clinical series in the English or French
language; studies reporting clinical results with at least 2 years of
follow-up; and studies including only patients younger than 65 years
at the time of surgery who were treated with RSA for any indication,
whether primary or revision RSA. The exclusion criteria were as
follows: case reports and reviews of the literature or biomechanical
studies; clinical follow-up of less than 2 years; clinical outcomes not
reported at the final follow-up; results combined with different
types of arthroplasties; and results mixed with those of patients
older than 65 years at the time of surgery.

Assessment of study quality

Two reviewers (M.C. and L.L.C.) independently assessed the
methodologic quality of all included studies with the Methodo-
logical Index for Non-Randomized Studies (MINORS),30 which is a
validated instrument designed to assess the methodologic quality
of nonrandomized surgical studies. Eight methodologic items are
evaluated from 0 to 2, leading to a maximum total score of 16 for
noncomparative studies. For comparative studies, 4 additional
items are studied, with a maximum overall score of 24. Any dis-
crepancies between reviewers were resolved by consensus.

Outcomes

For each article, we collected the number of patients, sex dis-
tribution, etiologies, operative details, complications, reoperations,
revisions, clinical outcomes at last follow-up (active forward
elevation [AFE], external rotation, and internal rotation), and
whenever possible, functional scores (American Shoulder and
Elbow Surgeons [ASES] score,25 Subjective Shoulder Value [SSV],11

and Constant score6) and radiologic outcomes (scapular notching
and loosening). Postoperative complications were collected and
divided into major and minor complications. A major complication
was defined as any complication leading to a new surgical pro-
cedure (infection, humeral or glenoid loosening, periprosthetic
fracture requiring open reductioneinternal fixation, open reduc-
tion for dislocation, and hematoma requiring evacuation), and a
minor complication was defined as any complication not requiring
a surgical procedure (acromial fracture, temporary nerve palsy,
nonrecurrent dislocation managed with closed reduction, or het-
erotopic ossification complicated by stiffness).
Data collection

Datawere extracted independently by 2 authors (M.C. and L.L.C.)
using a purpose-built form combining the MINORS score, the main
results for the previously defined outcomes, the possible biases of
the study, and the relevant clinical conclusions. For comparative
studies that provided complete data for RSA in patients younger
than 65 years, we extracted these particular data and included
them in the analysis.

Results

Figure 1 presents the flowchart of the literature search. Eight
articles (detailed in Table I) were included in the analysis, with a
total of 417 patients (median, 36; minimum, 32; maximum, 67).
Two studies compared primary and revision RSA2,22 and provided
complete data for each group, which were therefore analyzed
separately in this systematic review. Two studies examined partly
duplicate patients with different follow-up periods and ages at
inclusion.7,8 In this case, we kept the studywith the largest effective
(Ek et al7) and excluded the other series whose follow-up duration
was above the median of the other studies (140 months for
Ernstbrunner et al8 vs. 50 for all other studies) to decrease
heterogeneity.

Quality assessment

All included studies were published between 2013 and 2019 in
English and were single-center retrospective studies, except for 1
multicenter retrospective study (3 centers).21 Four studies were
comparative, those of Black et al,2 Leathers et al,16 Matthews et al,18

and Otto et al,22 and had respective MINORS scores of 17, 12, 12, and
13, respectively. Four studies were noncomparative, those of Ek
et al,7 Muh et al,21 Samuelsen et al,28 and Sershon et al,29 with the
following MINORS scores: 10, 7, 10, and 10, respectively (detailed in
Supplementary Table S1).

Indications for RSA

RSAwas used as a primary arthroplasty in 330 patients (79%) and
revision of a previous arthroplasty in 87 cases (21%). In primary
cases, the indication was CTA or a massive irreparable cuff tear
(MICT) in 238 patients (72%), primary osteoarthritis (OA) in 35 (11%),
fracture sequelae in 16 (5%), rheumatoid arthritis in 13 (4%), acute
fracture in 9, instability arthropathy in 6, and other etiologies in 13.
In 2 articles, the CTA and MICT etiologies were combined,2,28 but in
the 6 other articles, the ratio was 75 MICT cases to 79 CTA cases.

Demographic characteristics of study participants and follow-up

Among the 417 cases, 250 were female patients (weighted
mean, 60%; range, 41%-78%), with a mean age at surgery of 56 years
(range, 21-65 years). The mean follow-up duration was 50 months
(range, 34-93 months), and the studies reported that between 0%
and 39% of patients were lost to follow-up before 2 years (Table I).
Two included studies reported outcomes with a mean follow-up
period greater than 5 years.7,22

Preoperative clinical examination

The authors reported preoperative AFE and active external
rotation (AER) in 7 of 8 studies, preoperative ASES scores in 5 of 8,
and preoperative active internal rotation and preoperative SSVs in 3
of 8. Preoperatively, the weighted mean AFE, AER, active internal
rotation, ASES score, and SSV were 62� (range, 50�-79�), 18� (range,



Figure 1 Flowchart of included studies. FU, follow-up.
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10�-27�), 3 of 10 points (range, 2-4 points), 33 points (range, 24-40
points), and 22% (range, 19%-24%), respectively.

Surgical technique

The surgical approach was reported in 6 articles2,7,18,21,22,29 and
was deltopectoral in 309 of 313 cases (99%). Implantswere reported in
all but 1 article andwere different for all studies: Anatomical Shoulder
Inverse (Zimmer, Warsaw, IN, USA),2 Delta III (DePuy, Raynham, MA,
USA),7,18 Zimmer Trabecular Metal (Zimmer),16 Aequalis (Tornier,
Edina, MN, USA),18,21 Equinoxe (Exactech, Gainesville, FL, USA),18

Reverse Shoulder Prosthesis (DJO, Vista, CA, USA),18,22 and Biomet
Comprehensive (Biomet, Warsaw, IN, USA).28 In 14 cases (3%), a la-
tissimus dorsi transfer was associated with RSA,2,7 and a humeral
allograft was required for 4 revision RSAs in 1 series.22

Postoperative complications and revisions

Postoperative complications were reported in all articles. The
overall complication rate was 16.5% (range, 2%-38%), comprising
Table I
Details of studies included in systematic review

Year Design Level of evidence No. of pa

Authors
Black et al2: P 2014 Case control III 33
Black et al: R 2014 Case control III 32
Ek et al7 2013 Retrospective case series IV 40
Leathers et al16 2018 Retrospective cohort IV 32
Matthews et al18 2019 Retrospective cohort IV 43
Muh et al21 2013 Retrospective cohort IV 67
Otto et al22: P 2017 Retrospective case series IV 32
Otto et al: R 2017 Retrospective case series IV 35
Samuelsen et al28 2017 Retrospective case series IV 67
Sershon et al29 2014 Retrospective case series IV 36

Total 2016 IV (7 of 8) 417
Minimum 2013 d 32
Maximum 2018 d 67

RSA, reverse shoulder arthroplasty; P, primary RSA only; R, revision RSA only.
Two studies provided separate outcomes for primary and revision RSA and were detaile
11% major (range, 0%-30%) and 6% minor complications, with the
most common being instability (5.0%) and infection (3.6%). Other
complications included temporary nerve palsy (6 of 417 pa-
tients), aseptic glenoid loosening (5 of 417), acromial fracture (5
of 417), scapular spine fracture (4 of 417), periprosthetic humeral
fracture (4 of 417), hematoma (3 of 417), and aseptic humeral
loosening (2 of 417).

Humeral and/or glenoid revisions were required in 7.2% of pa-
tients (range, 0%-23%), and reoperations without revision of gle-
noid or humeral implants (change of polyethylene liner for
instability, debridement for infection, or open reductioneinternal
fixation) were performed in 5.3% (range, 0%-28%), with an overall
reintervention rate of 10.3% (range, 0%-28%). Two studies with
mean follow-up periods of 7.8 years7 and 3 years28 included 5-year
survival without revision: 98% and 91%, respectively. The compli-
cation and reintervention rates are detailed in Table II.

Two studies compared outcomes of primary and revision
RSA2,22 and did not find any significant differences in complication
rates (28% vs. 18% and 26% vs. 19%), revision rates (3% vs. 6% and 9%
vs. 13%), or reintervention rates (13% vs. 9% and 11% vs. 16%).
tients Male patients, % Follow-up, mo Mean age
at RSA, yr

Maximum age
at RSA, yr

Primary
RSA, %

27 55 59 65 100
22 56 59 65 0
55 93 60 64 100
34 41 57 65 81
43 48 60 65 100
43 37 52 60 87
59 60 49 54 100
40 65 46 54 0
40 36 60 65 100
33 34 54 60 86
40 50 56 65 79
22 34 46 54 0
59 93 60 65 100

d separately.



Table II
Detailed complication and reintervention rates

Year N FU, mo Complication, % Revision, % Reoperation, %

Authors
Black et al2: primary 2014 33 55 18 6 3
Black et al: revision 2014 32 56 28 3 9
Ek et al7 2013 40 93 38 23 28
Leathers et al16 2018 32 41 9 0 0
Matthews et al18 2019 43 50 2 0 0
Muh et al21 2013 67 37 13 7 4
Otto et al22: primary 2017 32 60 19 13 3
Otto et al: revision 2017 35 65 26 9 3
Samuelsen et al28 2017 67 36 7 3 1
Sershon et al29 2014 36 34 17 11 3

Weighted mean 2016 417 50 16.5 7.2 5.3
Minimum mean 2013 32 34 2 0 0
Maximum mean 2019 67 93 38 23 28

FU, follow-up duration.
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Clinical outcomes

AFE and external rotationwith the arm at the side (AER1) at final
follow-up were reported in all studies; ASES score, 6 studies; in-
ternal rotation, 3 studies; SSV, 2 studies; and adjusted Constant
score, 2 studies. All studies showed improvement in AFE with a
weighted mean AFE of 121� at final assessment. Preoperative and
final AER1 values were compared in 6 studies, of which 3 found
significantly improved range of motion,21,28,29 with an overall
weighted mean AER1 of 29� at last follow-up. Clinical outcomes are
detailed in Table III.

After the exclusion of 67 revision cases from 2 studies,2,22 the
weighted mean AFE and AER1 were 125� and 30�, respectively.
Black et al2 did not find any differences in range of motion or ASES
scores between primary and revision surgery cases but found a
significant difference in the SSV (60% for revision vs. 76% for pri-
mary, P ¼ .015). Otto et al22 did not find any significant differences
in patient satisfaction or improvement between preoperative and
postoperative functional scores.

Radiologic outcomes

Scapular notching was reported in 6 studies (285 patients)
and was found in 30% of cases (range, 9%-48%), with grade 3 or 4
notching in 6% (range, 0%-20%). One group of authors reported a
significant difference in the adjusted Constant score at 7.8 years
of follow-up between patients with and without scapular
Table III
Detailed clinical outcomes

Year N FU, mo AFE, � AER1, �

Preop Last FU Preop

Authors
Black et al2: primary 2014 33 55 d 112 d

Black et al: revision 2014 32 56 d 115 d

Ek et al7 2013 40 93 72 115 27
Leathers et al16 2018 32 41 67 133 24
Matthews et al18 2019 43 50 79 123 16
Muh et al21 2013 67 37 55 134 10
Otto et al22: primary 2017 32 60 65 113 11
Otto et al: revision 2017 35 65 50 86 13
Samuelsen et al28 2017 67 36 58 132 20
Sershon et al29 2014 36 34 75 121 23

Weighted mean 2016 417 50 121
Minimum mean 2013 32 34 86
Maximum mean 2019 67 93 134

FU, follow-up duration; AFE, active forward elevation; AER1, active external rotation wi
Surgeons; CS, Constant score; Preop, preoperative.
notching (66% vs. 86%, P ¼ .02).7 Other studies did not report any
association between notching and clinical outcomes. Humeral
loosening was reported in 2 cases (1%), and glenoid loosening
was reported in 7 (2%).

Discussion

In 2013, several authors started to report their results of RSA in
patients younger than 65 years, with a growing body of literature
since 2017, which motivated our systematic review. RSA was per-
formed in younger patients mainly for MICTs with or without gle-
nohumeral arthritis and as a solution for revision arthroplasty,
consisting of 80% of all indications. Fracture sequelae were found in
only 14 patients, but this may be under-represented in this sys-
tematic review, as the results of these patients are reported in series
mixing younger and older patients. In a systematic review of the
literature on RSA for fracture sequelae by Holton et al,15 the mean
age at surgery was 69.7 years, and 8 of 9 studies included patients
younger than 65 years at the time of surgery. Primary OA was the
indication in only 6%, as expected in this young population with
competent rotator cuffs. No authors detailed the reason to use an
RSA for primary OA, but the common indications likely include
concomitant cuff tears and severe humeral head static subluxation
with or without glenoid erosion (type B2, B3, or C glenoid).17,19,31

Postoperative complications were found in 17% of patients,
leading to a new surgical procedure in 10% of all patients at a mean
follow-up of 4.2 years. These results are comparable to those found
AIR1 (of 10) ASES score Adjusted CS at last FU, %

Last FU Preop Last FU Preop Last FU

35 d d d d d

31 d d d d d

22 d d d d 73
40 4 5 36 72 d

25 4 6 32 71
20 d d 40 72 d

30 2 6 28 59 d

16 2 4 23 41 d

39 d d d 62 d

30 d d 31 66 54
29 5.3 64 64
16 4 41 54
40 6 72 64

th arm at side; AIR1, active internal rotation; ASES, American Shoulder and Elbow
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by Zumstein et al33 in their systematic review of RSA (N ¼ 782;
mean age, 68 years), with a 21% complication rate and 13% rein-
tervention rate at a mean of 3.5 years of follow-up, dominated by
instability and infection, similarly to our systematic review. More-
over, 2 included studies compared outcomes of patients younger
than 65 years and those older than 70 years (results of older pa-
tients were not included in our analysis) and did not find any sig-
nificant differences in the complication or revision rates.16,18 These
results need to be further confirmed with appropriately designed
long-term studies. The loosening rate was found to be low at
midterm follow-up (1.6%), but long-term follow-up can be con-
cerning in these patients with an increased life expectancy. A recent
study showed that the 10-year revision-free survival rate of RSA
was 92% in patients younger than 60 years and that clinical out-
comes did not significantly deteriorate beyond 10 years.8 Anatomic
total shoulder arthroplasty (TSA) in the same population leads to
revision-free survival rates of 98% to 100% at 5 years, which is su-
perior towhat we foundwith RSA, but the survival rate decreases to
62% to 92% at 10 years.26 Therefore, further studies are required to
confirm the encouraging long-term results of RSA found by Ernst-
brunner et al.8

Midterm clinical outcomes were shown to be successful as they
restored forward elevation above the horizontal (weighted mean,
121�) and allowed AER (weightedmean, 29�) in these patients with
poor preoperative range of motion (AFE, 62�; AER, 18�). However,
these results may not lead to complete satisfaction of these younger
patients' expectations. In a study of the Danish Shoulder Arthro-
plasty Registry, Ammitzboell et al1 found that the 1-year median
Western Ontario Osteoarthritis of the Shoulder index (quality-of-
life questionnaire) after RSA was 79 in patients older than 65 years
but was only 54 in younger patients. Matthews et al18 reported that
younger patients had a comparable range of motion at final follow-
up to that in older patients, but the ASES score and Short Form
health survey score (Short Form 12, another quality-of-life ques-
tionnaire) were lower in younger patients. Leathers et al16 showed
better range of motion and improvement in range of motion in
younger patients, whereas the ASES score was not different from
that in older patients at final review. Furthermore, Friedman et al10

analyzed an international database of 660 RSA patients with a
mean age of 72 years. They found that each 1-year increase was
associated with an improved ASES score by 0.19 points (P ¼ .006)
but with decreased forward flexion by 0.39� (P ¼ .001) per year.
These results tend to support the idea that younger patients expect
higher functional levels and experience less satisfaction as reflected
in patient-reported outcomes.

The range of motion obtained with RSA seems lower than what
is reported with anatomic TSA in young patients. Roberson et al,26

in a systematic review of 154 patients younger than 65 years who
were treated with TSA, reported 130� of abduction and 39� of
external rotation at a mean of 9.4 years of follow-up, which are
better results than those in our systematic review. However, the
etiologies were different for these anatomic TSAs, dominated by
primary OA and rheumatoid arthritis, and TSA could not be a viable
solution in patients without competent rotator cuffs regardless of
the age of the patients.4,9

Wewere not able to highlight any differences in the outcomes of
primary and revision RSA in this review including 2 studies
comparing these populations. However, higher complication and
revision rates have been demonstrated in older patients by at least
3 studies that compared primary and revision RSA and reported
significantly higher rates of postoperative complications (19% to
69%) after revision RSA.13,27,32

Our study was limited by the retrospective design of all the
included studies with inherent selection bias, as well as by the
exclusion of studies including patients younger than 65 years but
whose results were mixed with those of older patients and could
not be isolated for meta-analysis. In the same way, we could not
directly compare outcomes between etiologies, as the studies did
not present these results separately for each indication. We tried to
compare primary and revision RSA by removing 67 revision cases
from 2 studies.2,22 Nevertheless, this was limited by 22 revision
cases in 3 studies,16,21,29 whose results were mixed with those of
primary cases. One study reported a 39% loss-to-follow-up rate but
was included in this systematic review because it analyzed the
highest number of patients within the 8 included studies,28

although this may bias our results. Finally, the short follow-up
duration of these studies does not allow conclusions on long-
term outcomes, which is essential in this young and active popu-
lation. However, to our knowledge, this is the first attempt to
summarize the results of RSA in young patients to present an up-to-
date summary of this topic.

Conclusion

RSA is mostly used in young patients for MICTs with or without
glenohumeral arthritis, as well as revision of failed arthroplasties
with poor preoperative shoulder function. The complication (17%)
and reintervention (12%) rates at mean follow-up of 4 years are
comparable to those of older patients. AFE and external rotation
were restored in most patients, although the functional results
were modest. Therefore, RSA can be a viable option in young pa-
tients with a cuff-deficient shoulder or failed arthroplasty, when
nonoperative treatment has failed, with reliable clinical improve-
ments and midterm complication rates comparable to those of
older patients.
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Supplementary data

Supplementary data to this article can be found online at
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