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Abstract Purpose To answer the question whether bilateral reverse total shoulder arthroplasty
(RTSA) is a safe and effective treatment which results in satisfactory clinical and
functional outcomes with low complications rates. A second question to be answered
was: what is the quality of the evidence of the already published studies which
investigate the use of bilateral RTSA?
Methods Two reviewers independently conducted a systematic search according to
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses using the
MEDLINE/PubMed database and the Cochrane Database of Systematic Reviews. These
databases were queried with the terms “reverse” AND “total” AND “shoulder” AND
“arthroplasty” AND “clinical.” Descriptive statistics were used to summarize the data.
Results From the 394 initial studies we finally selected and assessed 6 clinical studies
which were eligible to our inclusion–exclusion criteria. The aforementioned studies
included in total 203 patients (69% females; mean age range: 67.1–75 years; mean
follow-up range: 12–61 months). From those, 168 patients underwent staged bilateral
RTSA (mean duration between first and second operation range: 8–21.6 months) and
the rest of them a unilateral RTSA as controlled treatment. Almost all mean clinical and
functional scores, which were used to assess the therapeutic value of bilateral RTSA,
depicted significant postoperative improvement in comparison with the mean preop-
erative values. Themodified Colemanmethodology score, which was used to assess the
quality of the studies, ranged from a minimum of 36/100 to a maximum of 55/100.
Conclusion Despite the lack of high-quality evidence, staged bilateral RTSA seems to
be a safe and effective procedure for patients with cuff tear arthropathy, which results
in significantly improved clinical and functional outcomes and low reoperations’ rates.
Level of Evidence Systematic review of level III-IV therapeutic studies.
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Introduction

The Grammont reverse total shoulder arthroplasty (RTSA)
was initially used for elderly, low-demand individuals with
end-stage rotator cuff tear (RCT) arthropathy.1 Later on, RTSA
was proven effective for the treatment of acute, comminuted
proximal humeral fractures in elderly patients, because the
design does not rely on a functioning rotator cuff for over-
head shoulder range of motion.2,3 This prosthetic model has
found novel indications for many other pathologies, such as
irreparable RCTs4with or without pseudoparalysis, tumors,5

and implant failures.6,7

Although RTSA has gained popularity in recent years,
providing good shoulder elevation, yet less predictable rota-
tions.8 Concerns still exist regarding bilateral RTSA over lackof
rotations bilaterally and resultant difficulties with remaining
activities of daily living (ADLs).8,9 Some surgeons are reluctant
to perform a RTSA on both shoulders due to these reasons.10

Hemiarthroplasty has been suggested as another option to
treat rotator cuff deficient shoulders, instead of RTSA. Howev-
er, previous studies have demonstrated the inferiority of
hemiarthroplasty compared with RTSA in patients with cuff
tear arthropathy (CTA) with regards to pain and function,
making the combination of hemiarthroplasty and reverse
arthroplasty in a single individual less than ideal.11

The aim of this systematic review was to answer the
question whether bilateral RTSA is a safe and effective
treatment which results in satisfactory clinical and function-
al outcomes with low complication rates. Another question
to be answered was: What is the quality of the evidence of
the already published studies which investigate the use of
bilateral RTSA? Second, we aimed to investigate questions in
relation to the optimal time interval between first
and second surgery, the role of subscapularis repair in
RTSA, the effect of internal rotation (IR) deficit on personal
hygiene habits, the comparison between the outcomes of
first and second operated shoulder, and the comparison
between the outcomes of bilateral RTSA and unilateral
RTSA. Our hypothesis was that bilateral RTSA would be
proven a safe and effective treatment.

Methods

Two reviewers independently conducted a systematic search
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) using the
MEDLINE/PubMed database and the Cochrane Database of
Systematic Reviews.12 These databases were queried with
the terms “reverse”AND “total”AND “shoulder”AND “arthro-
plasty” AND “clinical.” To maximize the search, backward
chaining of reference lists from retrieved papers was also
undertaken. A preliminary assessment of only the titles and
abstracts of the search results was initially performed.
The second stage involved a careful review of the full-text
publications.

The inclusion criteria were: (1) studies describing human
subjects of any age and gender and (2) studies that include a
population of at least 10 patients who underwent staged

(procedures performed in different hospitalizations) bilateral
RTSA. Exclusion criteria were: (1) studies not specifically
dealing with the staged bilateral RTSA, (2) preclinical, cadav-
eric, or animal studies, (3) non-full-text articles, (4) literature
or systematic reviews, (5) case reports, (6) technical notes, (7)
editorial comments, (8) expert opinions, (9) studies with less
than 12 months’ follow-up, (10) studies without any clinical
outcomes, (11) articles not written in English, and (12) studies
published after February 1, 2018 (end of our search).

Differences between reviewers were discussed until
agreement was achieved. They independently extracted
data from each study and assessed variable reporting of
outcome data. Descriptive statistics were calculated for
each study and parameters analyzed. The methodological
quality of each study and the different types of detected bias
were assessed independently by each reviewer with the use
of modified Coleman methodology score (CMS).13 Selective
reporting bias like publication bias were not included in the
assessment. The primary outcome measure was the postop-
erative statistically significant improvement of the clinical
and functional scores in comparison with the preoperative
scores per study. Secondary outcomes were the complica-
tions’ and reoperations’ rate per study.

Results

From the 394 initial studies we finally chose and assessed 6
clinical studies which were eligible to our inclusion-exclu-
sion criteria. A summary flowchart of our literature search
according to the PRISMA guidelines can be found in ►Fig. 1.

The eligible articles included five retrospective studies
(83.3%)10,14–17 and one prospective (16.7%).14 All articles
were published between 2013 and 2017.8,10,14–17 Four out of
six studies (66.7%) were level IV,8,14,15,17 while two studies
(33.3%) were level III.10,16 The aforementioned studies in-
cluded in total 203 patients (►Table 1). From those, 168
patients underwent bilateral RTSA and the rest of them a
controlled treatment. The control groups were always
treated with unilateral RTSA.

The mean age of the patients who were included in this
review ranged between 67.1 and 75 years, whereas the vast
majority of these patientswere females (69%) (►Table 1). The
mean follow-up ranged between 12 and 61 months. The
study of Mellano et al was the only onewhich assessed the 5-
year long-term results of staged bilateral RTSA.14

Approximately three-quarters of patients (75.7%) treated
with staged bilateral RTSA were initially suffering from CTA
(►Table 1). A small minority (8.1%) was diagnosed with a
massive irreparable RCTwithout any sign of arthritis, where-
as 6.5% had a previous failed arthroplasty, 4.9% were suffer-
ing from rheumatoid arthritis, and 4.3% from glenohumeral
osteoarthritis with an intact rotator cuff. As expected, no one
from the patientswhowere treatedwith a bilateral RTSAwas
initially suffering from humeral fracture.

Clinical and Functional Outcome Variables
The most commonly used subjective clinical and functional
score was the Constant score (83.3% of the studies),8,10,15–17
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while the American Shoulder and Elbow Surgeons (ASES)
score was utilized in four studies (66.7%).10,14,16,17 Less
commonly used outcome variable was the visual analog
scale (VAS) for pain which was deployed in 33.3% of the
studies included in this review,10,14 as well as the 12-Item
Short-Form Health Survey (SF-12; 33.3% of the studies),14,17

the Constant and Shoulder Pain and Disability Index score
(SPADI; 33.3% of the studies),15,17 the Subjective Shoulder
Value (SSV; 33.3% of the studies),8,10 and the Simple Shoulder
Test (SST; 33.3%).14,17 One study made use of the University
of California–Los Angeles score (16.6% of all studies),17 and
another one the Western Ontario Osteoarthritis of the

Shoulder (16.6% of the studies) and the Single Assessment
Numeric Evaluation score (16.6% of the studies)16 (►Table 2).

All mean clinical and functional scores, which were used
to assess the therapeutic value of staged bilateral RTSA,
depicted significant postoperative improvement in compar-
ison with the mean preoperative values, with the exception
of SF-1214,17 (►Table 2). According to Stevens et al, mean SF-
12 did not improve significantly (it increased from 33.3 to
38.8 chronologically for the first RTSA and from 35.5 to 38.3
for the second RTSA).17 In addition, Mellano et al docu-
mented that the only score which was not significantly
ameliorated among all postoperative scores of their study

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.
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Table 2 Preoperative and postoperative clinical and functional outcomes per study

Authors Preoperative mean scores Postoperative mean scores Significant differ-
ence between pre-
operative and
postoperative
scores

Mellano et al14 VAS pain: 5.5
ASES: 37.5
ASES function: 9.0
SST: 2.5
SF-12 MCS: 53.6
SF-12 PCS: 31.2

VAS pain: 0.7
ASES: 76.7
ASES function:19.9
SST: 8.9
SF-12 MCS: 54.7
SF-12 PCS: 41.8

Yes
Yes
Yes
Yes
No
Yes

Levy et al8 CS: 18.7
SSV: 2.1/10

CS: 65.1
SSV: 9.2/10
Mean ADLEIR score was 33 of 36

Yes
Yes
Yes

Wirth et al15 CS: 30 (first shoulder),
34 (second shoulder)
SPADI score:
30 (first shoulder)
34 (second shoulder)

CS: 70 (first shoulder),
62 (second shoulder)
SPADI score:
73 (first shoulder)
72 (second shoulder)

Yes
Yes
Yes
Yes

Morris et al16 CS-first shoulder-bilateral group: 15.8
CS-second shoulder-bilateral group: 20.6
CS-unilateral group: 18.9
ASES-first shoulder-bilateral group: 24.7
ASES-second shoulder-bilateral group: 25.6
ASES-unilateral group: 26.8
WOOS- first shoulder-bilateral group: 82.4
WOOS- second shoulder-bilateral group: 77.5
WOOS-unilateral group: 75.8
SANE- first shoulder-bilateral group: 24.8
SANE- second shoulder-bilateral group: 33.3
SANE-unilateral group: 27.6

CS-first shoulder-bilateral group:
63.8
CS-second shoulder-bilateral group:
58.4
CS-unilateral group: 56.6
ASES-first shoulder-bilateral group:
73.5
ASES-second shoulder-bilateral
group: 68.0
ASES-unilateral group: 64.7
WOOS- first shoulder-bilateral
group: 26.0
WOOS- second shoulder-bilateral
group: 30.4
WOOS-unilateral group: 32.5
SANE- first shoulder-bilateral group:
56.0
SANE- second shoulder-bilateral
group: 53.4
SANE-unilateral group: 53.8

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
(Regarding all
scores, insignificant
difference between
unilateral and bilat-
eral group was not-
ed postoperatively)

Stevens et al17 First RTSA
SPADI: 79.0
Constant: 32.2
ASES: 43.5
UCLA: 14.4
SST: 4.1
SF-12: 33.3
Second RTSA
SPADI: 86.8
Constant: 33.9
ASES: 28.3
UCLA: 14.0
SST: 3.5
SF-12: 35.5

First RTSA
SPADI: 37.0
Constant: 59.7
ASES: 77.7
UCLA: 27.9
SST: 8.6
SF-12: 38.8
Second RTSA
SPADI: 33.9
Constant: 59.5
ASES: 81.0
UCLA: 27.7
SST: 8.6
SF-12: 38.3

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No

Wiater et al10 First shoulder bilateral group:
ASES: 23.50
CS: 22.40
SSV: 24.2
VAS for pain: 7.06
First shoulder control group:
ASES: 39.19
CS: 28.63
SSV: 20.58

First shoulder bilateral group:
ASES: 83.7
CS: 60.1
SSV: 81.2
VAS for pain: 0.81
First shoulder control group:
ASES: 77.4
CS: 62.5
SSV: 81.7

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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was the mental component subscore of SF-12 (it increased
from 53.6 to 54.7).14 On the other hand, the physical compo-
nent subscore of SF-12was significantly increased (from31.2
to 41.8).14

Specifically, as for the patients who underwent bilateral
RTSA, the mean preoperative VAS pain score ranged from
5.5 to 7.06 and the postoperative one from 0.7 to 2.3
(►Table 2). The mean preoperative ASES score varied be-
tween 23.5 and 43.5, and the postoperative one between 68
and 83.7. As far as the Constant score is concerned, the
mean preoperative values ranged from 15.8 to 35.4 and the
mean postoperative ones from 54.4 to 70. Furthermore,
from a mean preoperative SPADI score ranging between 30
and 86, we reached to mean postoperative values ranging
from 33.9 to 73. Regarding the SST score, its mean preoper-
ative value ranged from 2.5 to 4.1, whereas its mean
postoperative one from 8.6 to 8.9. Last but not least, while
the mean preoperative SSV score ranged from 21/100 to
24.2/100, the mean final postoperative values ranged be-
tween 67.8/100 and 92/100.

Range of Motion
The mean preoperative active forward flexion/elevation,
external rotation (ER), and abduction values ranged from a
minimumof 35 degrees (for thefirst shoulder and 48degrees
for the second shoulder) to amaximum of 77degrees (for the
first shoulder and 85degrees for the second shoulder), from
10degrees (for the first shoulder or 13.7 degrees for
the second shoulder) to 29 degrees (for the first shoulder
or 34degrees for the second shoulder), and from 35degrees
(for the first shoulder or 46 degrees for the second shoulder)
to 102 degrees (for the first shoulder or 105 degrees for
the second shoulder), respectively. The mean postoperative
active forward elevation, ER, and abduction values ranged
from a minimum of 121 degrees (for the first shoulder or
112degrees for the second shoulder) to a maximum of

143degrees, from 17.1 degrees (for the first shoulder or
19 degrees for the second shoulder) to 45degrees, and
from 112degrees (for the first shoulder or 107 degrees for
the second shoulder) to 142degrees (for the first shoulder or
121degrees for the second shoulder), respectively. Regarding
IR in abduction, the only study which made use of quantita-
tive measurements documented a preoperative mean value
of 39degrees and a postoperativemean value of 58 degrees14

(►Table 3).

Postoperative Scapular Notching
Postoperative scapular notching, which was graded by the
Nerot-Sirveaux system,18 was assessed in half (50%) of the
studies included in this review.8,14,15 The vast majority
(69.7%) of the patients, who were radiographically
assessed, were found without any sign of notching after
surgery. From the rest of the patients, 10.6% were classi-
fied with a grade 1 postoperative scapular notching,
whereas grade 2 had 19.7% and grade 3 only 1.4% of the
patients assessed (►Table 4).

Complications Rate
The total reoperations rate of patients treated with bilateral
RTSA was 8.9%, while 6% of the patients underwent a RTSA
revision. The total major complications rate was 14.9% (25
out of 168 patients treatedwith bilateral RTSA) and the most
common complications found were scapular spine insuffi-
ciency fractures (3.6%) and acromial fractures (3%). Three
cases with nerve palsy (two radial nerves and one brachial
plexopathy) resolved nonoperatively (►Table 5).

Quality of Evidence, Conflicts, and Possible Bias
A possible high risk of selection, performance, and selection
bias was identified in all studies included in this review
(100%). One study had also a possible high risk of attrition
bias19 (►Table 6).

Table 2 (Continued)

Authors Preoperative mean scores Postoperative mean scores Significant differ-
ence between pre-
operative and
postoperative
scores

VAS for pain: 5.25
Second shoulder bilateral group:
ASES: 39.1
CS: 35.4
SSV: 24.0
VAS for pain: 6.63
Second shoulder control group:
ASES: 33.9
CS: 25.5
SSV: 14.8
VAS for pain: 6.00

VAS for pain: 1.63
Second shoulder bilateral group:
ASES: 68.3
CS: 54.4
SSV: 67.8
VAS for pain: 2.31
Second shoulder control group:
ASES: 86.2
CS: 67.40
SSV: 83.4
VAS for pain: 0.19

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Abbreviations: ADLEIR, the Activities of Daily Living External and Internal Rotations score; ASES, American Shoulder and Elbow Surgeons score; CS,
Constant score; MCS, mental component subscore of SF-12; PCS, physical component subscore of SF-12; RTSA, reverse total shoulder arthroplasty;
SANE, Single Assessment Numeric Evaluation score; SF-12, 12-Item Short-Form Health Survey; SPADI, Shoulder Pain and Disability Index score; SST,
Simple Shoulder Test; SSV, Subjective Shoulder Value; UCLA, University of California–Los Angeles; VAS, visual analog scale; WOOS, Western Ontario
Osteoarthritis of the Shoulder.
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Table 3 Preoperative and postoperative RoM per study

Authors Preoperative RoM Postoperative RoM

Mellano et al14 AFE: 72°
Active ABD: 84°
AER in ADD: 26°
Active IR in ABD: 39°

AFE: 136°
Active ABD: 121°
AER in ADD: 45°
Active IR in ABD: 58°

Levy et al8 Elevation: 57.5°
IR: 9°
ER: 20°

Elevation: 143°
IR: 81°
ER: 32°

Wirth et al15 Anteversion/flexion: 73° (first shoulder), 90°
(second shoulder)
ABD: 64° (first shoulder), 81° (second shoul-
der)
ER in ADD: 22° (first shoulder), 26° (second
shoulder)
Muscle strength: 0.4 (first shoulder), from 1.0
(second shoulder)

Anteversion/flexion: 136° (first shoulder), 131°
(second shoulder)
ABD: 125° (first shoulder), 120° (second
shoulder)
ER in ADD: 24° (first shoulder), 21° (second
shoulder)
Muscle strength: 4.6 kg (first shoulder), 4.1 kg
(second shoulder

Morris et al16 1st operative side:
Forward flexion: 35°
External rotation: 10°
Abduction: 35°
Median internal rotation: buttocks
2nd operative side:
Forward flexion: 48°
External rotation: 15°
Abduction: 46°
Median internal rotation: lumbosacral junction
Unilateral RTSA:
Forward flexion: 51°
External rotation: 9°
Abduction: 48°
Median internal rotation: buttocks

1st operative side:
Forward flexion: 144°
External rotation: 32°
Abduction: 142°
Median internal rotation: T12
2nd operative side:
Forward flexion: 116°
External rotation: 24°
Abduction: 116°
Median internal rotation: buttocks to lumbo-
sacral junction
Unilateral RTSA:
Forward flexion: 144°
External rotation: 32°
Abduction: 134°
Median internal rotation: lumbosacral junc-
tion.
Insignificant change: IR, ABD
Significant improvement: ER, FF

Stevens et al17 1st operative side:
Active forward elevation: 77°
Active external rotation: 29 °
Active abduction: 102°
Active internal rotation: L5
2nd operative side:
Active forward elevation 85°
Active external rotation: 34°
Active abduction: 105°
Active internal rotation: L3

1st operative side
Active forward elevation: 121°
Active external rotation: 29°
Active abduction: 112°
Active internal rotation: L2
2nd operative side
Active forward elevation: 112°
Active external rotation: 19°
Active abduction: 107°
Active internal rotation: T12
AFE: significantly improved in both sides. ER,
ABD, and IR: did not change significantly

Wiater et al10 First shoulder bilateral group: Strength (lbs):
0.2. AFE (°): 53.8. AER (°): 19.1. IR: To sacral
vertebrae: 13 patients, to lumbar vertebrae: 3
patients, to thoracic vertebrae: no patients
Second shoulder bilateral group: Strength
(lbs): 1.1. AFE (°): 53.8. AER (°): 13.7 IR: to
sacral vertebrae: 6 patients, to lumbar verte-
brae: 6 patients, to thoracic vertebrae from: 3
patients

First shoulder bilateral group: Strength (lbs):
2.8. AFE (°): 126.5. AER (°):17.1 IR: To sacral
vertebrae: 4 patients, to lumbar vertebrae: 4
patients, to thoracic vertebrae: 8 patients
Second shoulder bilateral group: Strength
(lbs): 2.4. AFE (°): 120.2. AER (°): 19.1. IR: to
sacral vertebrae: 6 patients, to lumbar verte-
brae: 3 patients, to thoracic vertebrae: 7
patients

Abbreviations: ABD, abduction; ADD, adduction; AER, active external rotation; AFE, active forward elevation; ER, external rotation; IR, internal
rotation; RoM, range of motion; RTSA, reverse total shoulder arthroplasty.
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Themodified CMS, whichwas used to assess the quality of
the studies, ranged from a minimum of 36/10017 to a maxi-
mum of 55/10015 (►Table 6).

Finally, conflict of interest was noted in three out of six
studies (50%)8,16,17 (►Table 6).

Staged Bilateral RTSA: First versus Second Operated
Shoulder
Four studies (66.7%) documented the differences in clinical
and functional subjective scores between the first and
the second operated shoulder.10,15–17 All studies (100%)
reported slightly worse preoperative subjective clinical and
functional scores in the first operated shoulder, when com-
paredwith the second operated shoulder. Despite that, these
differences were found not significantly different.

Wirth et al illustrated that both the Constant and SPADI
scores and abduction of the second side were significantly
worse 1 year after the second RTSA (p � 0.047), while at
2 years, there were no differences in functional outcome
between shoulders.15 Wiater et al reported that a total of 15
patients (94%) with bilateral RTSA reported being “satisfied”
with the first shoulder and 12 (75%) with the second shoul-
der.10 In addition, in patients undergoing bilateral proce-
dures, pain relief and function improved for all shoulders, but
this was accompanied by slightly inferior results for
the second side after a minimum of 24 months of follow-
up.10

According to Morris et al, there were no significant differ-
ences in postoperative shoulder function scores or mobility
between the first and second RTSA in the bilateral group (all

Table 4 Radiological findings

Author(s) Radiological findings

Mellano et al14 X-rays: 62% of patients: no notching, Grade 1 notching: 30%:, Grade 2 notching: 7%, Grade 3
notching: 1% of patients

Levy et al8 No radiolucencies, migration, change in position over time, or loosening subsidence, some
resorption of the allograft in two patients, glenoid notching in two patients (three shoulders)

Wirth et al15 No signs of implantmigration or polyethylene erosion. At 24months, up to grade 2 scapular notching
was noted in 45% and 42% of the first and second operated sides, respectively. A significant
progression of the degree of notching was noted from 12 to 24 months after the first and second
operation each in 13% and 16% of the patients, respectively

Morris et al16 The bilateral group had a significantly higher proportion of Hamada grades 1 to 3 (classification of
rotator cuff tear arthropathy) than the unilateral group
The bilateral group had a significantly higher proportion of type E3 glenoid erosion

Stevens et al17 N/A

Wiater et al10 N/A

Table 5 Complications

Author(s) Complications

Mellano et al14 Instability in three shoulders (3%): one revision of the humeral insert and placement of a larger
glenosphere, one conversion to hemiarthroplasty, one periprosthetic joint infection which required
two-stage revision. Acromial fractures occurred in five shoulders (5%), one of which required open
reduction–internal fixation

Levy et al8 No intraoperative complications. Late traumatic fracture of the scapular spine in two patients, one
was operated

Wirth et al15 No intraoperative complications
5 revision surgeries, 1 arthroscopic synovectomy

Morris et al16 One patient in the bilateral RSA group had a humeral shaft fracture that required surgery
and secondarily had a radial nerve traction injury that resolved

Stevens et al17 One greater tuberosity fracture that was repaired at the time of the operation with suture. One
polyethylene cupwas incorrectly paired with a glenosphere. Two bilateral scapular spine insufficiency
fractures occurred in opposite shoulders at 5.5 and 3.5 years postoperatively. One periprosthetic
fracture occurred at 1.5 years postoperatively and was treated nonoperatively

Wiater et al10 First shoulder: 1 scapular spine nonunion (resolved), 1 transient brachial plexopathy (resolved)
Second shoulder: 1 scapular spine nonunion (resolved), 1 transient radial nerve palsy (resolved), 1
instability (revision RTSA needed)

Abbreviation: RTSA, reverse total shoulder arthroplasty.
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p>0.10).16 As for Stevens et al, they illustrated that all mean
final postoperative scores were similar between the first and
the second operated shoulder.17

Staged Bilateral RTSA versus Unilateral RTSA
All studies included in this review reported clinical and
functional outcomes of patients treatedwith staged bilateral
RTSA (100%). Two studies (33.3%) compared the outcomes of
bilateral RTSA with those of a control group treated with
unilateral RTSA.10,16 For the bilateral RTSA group, Wiater
et al illustrated that the first shoulder had significantly
greater improvement than the controls for ASES
(p¼0.0039) and VAS pain (p¼0.0271).10 For the second
shoulder, the controls showed significantly greater improve-
ment than the study group for CMS (p¼0.0244), ASES
(p¼0.0183), and active forward elevation (p¼0.0280).10

So, there were slightly inferior results after the second
RTSA relative to the matched controls.10 According to Morris
et al,16 there were no significant differences in shoulder
function scores or mobility between either shoulder in the
bilateral group and the unilateral group (all p>0.10).

Internal Rotation Deficit in Relation to Personal
Hygiene Habits
Mellano et al reported thatmost patients notedno changes of
their personal hygiene habits and ADLs.14 Morris et al
showed that the IR deficit is rather small and rare in the
midterm follow-up and does not influence the personal
hygiene habits of the patients.16 On the other hand, Wirth
et al depicted that a minority of patients did not achieve
sufficient IR on at least one side.15 According to them, staged
surgery is justified, especially when the outcome of the
initial operation is satisfactory.15

The results of Stevens et al indicated that perineal care is
not a problem for most patients after bilateral RTSA: all
patients were able to perform perineal hygiene, and 80%

were able to perform this task “normally”with their RTSA.17

Similarly, Levy et al reported that all patients were able to
perform perineal hygiene after their RTSA.8

Subscapularis Repair in Staged Bilateral RTSA
Subscapularis repair was performed as routine practice in
the majority (66.6%) of the studies included in this review
with satisfactory results regarding postoperative internal
and ER.8,10,14,15 Two studies (33.3%) did not mentionwheth-
er this procedurewas performed in a part or all patients.16,17

Optimal Time between the First and the Second
Operation
Five out of six studies (83.3%) documented themean interval
between the first and the second RTSA,8,10,14,16,17while only
the study of Wirth et al did not measure this variable.15 All
five studies reported different mean time spans, whereas
there was agreement among the different authors that no
optimal timehas yet been established regarding this interval.
The mean duration between the first and the second opera-
tion ranged between 816 and 21.6 months.17

Discussion

To our knowledge, this is the first systematic analysis of the
literature to investigate the clinical results of bilateral RTSA.
The most important finding of this systematic review was
that all studies which dealt with bilateral RTSA illustrated
improved postoperative outcomes. Clinical and functional
scores were significantly improved in all studies of the
review. As a result, all authors of the studies included in
this review supported the use of bilateral RTSA in the
conclusions section of their studies. According to them,
bilateral RTSA is a safe and effective procedure in the short-
to midterm follow-up, especially for patients suffering from
CTA.

Table 6 High risk of bias, modified Coleman methodology score, and relative conflicts of interest per study

Author(s) Type of bias (high risk) Modified
Coleman score

Conflict of interest

Mellano et al14 Selection, detection, performance 49 None

Levy et al8 Selection, detection, performance 52 An author receives equity and roy-
alties from Innovative Design Or-
thopaedics (IDO) as designing
surgeon

Wirth et al15 Selection, detection, performance, attrition 55 None

Morris et al16 Selection, detection, performance 50 An author received financial support
for the database that was used to
collect results for the study and
receives royalties from and serves as
a consultant for Tornier, Inc.

Stevens et al17 Selection, detection, performance 36 An author receives royalties from a
company, some implants of which
were used in the study. This study
was not supported by this company

Wiater et al10 Selection, detection, performance 54 None
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Despite the complete lackof randomized controlled clinical
trials, we decided to statistically analyze data from these
studies, because we considered it likely to produce results
with some measure of validity. Nevertheless, we avoided to
combine the available data in a quantitative synthesis through
a possible meta-analysis due to the heterogeneous nature of
the studies included and the serious risk of bias. As we were
investigating a controversial operative technique which gains
popularity,we found this topic very appealing for a descriptive
systematic review even without any pooling data.

The reoperations and failure rates of bilateral RTSA were
rather low. The vast majority of patients who were radio-
graphically assessed were found without any sign of postop-
erative scapular notching, implant’s migration, polyethylene
erosion, radiolucencies, change in position over time, or
loosening subsidence. On the other hand, a little bit less
than one-third of those patients, who were radiographically
assessed, had a grade 1 to 3 scapular notching, according to
the Nerot-Sirveaux system.18

Concerns have been raised in the past regarding the
bilateral IR deficit after this type of treatment and its possible
negative impact on personal hygiene habits. As it is well
known, good rotational movements are obligatory for per-
forming ADLs; IR for activities regarding perineal and self-
hygiene, and ER for reaching the hand to themouth and head
(for eating, drinking, and combing).20 However, the minimal
functional range of movement necessary for performing
ADLs remains undetermined.8 Our systematic review illus-
trated that most patients noted no changes of their personal
hygiene habits and ADLs after bilateral RTSA. Stevens et al
and Levy et al showed that all patients were able to perform
perineal hygiene after their RTSA,8,17 while Morris et al
found out that the IR deficit did not influence the personal
hygiene habits of the patients.16

A relative issue which remains controversial is the neces-
sity of subscapularis repair in RTSA.19,21 In our review we
noticed that most authors routinely used this technique
when performing bilateral RTSA.8,10,14,15 In contrast to uni-
lateral RTSA where subscapularis repair still raises concerns
about its necessity, we consider that this technique is funda-
mental in bilateral RTSA to eliminate the possibility of IR
deficit and improve the performance of ADLs.

Concerning the differences between first and second oper-
ated shoulder,Wiater et al showed that although theoutcomes
for the first shoulder were comparable to those of matched
controls, some outcomemeasures (CMS, ASES, active forward
elevation, and satisfaction) were slightly decreased in
the second shoulder relative to the controls.10 These results
regarding the difference between first and second shoulder
agreedwith the study ofWirth et al, which illustrated slightly
inferior postoperative outcomes of the second shoulder, when
comparedwith thefirst one.15Apossible explanation could be
that the first shoulder had worse preoperative function than
the second leading to amore dramatic improvement following
the first RTSA, and it may have been difficult or impossible for
the second RTSA to meet the high expectations. Another
plausible explanation for the phenomenon of a poorer contra-
lateral side could be a reduced motivation of the patient for

rehabilitation after the second procedure, which can delay
functional improvement.15

Staged bilateral RTSA showed no significant differences in
comparison with the unilateral RTSA as for the clinical and
functional outcomes.10,16 So, staged surgery is justified,
especially when the outcome of the initial operation is
satisfactory.15

In contrast to other types of arthroplasties (total knee
arthroplasty, total hip arthroplasty), in which the simulta-
neous single-stage operation has already been well-estab-
lished,22,23 there were only very limited data available
regarding simultaneous bilateral anatomic total shoulder
arthroplasty,11 while we did not find any study dealing with
simultaneousbilateral RTSA.All studies included inour review
reported outcomes of two-stage bilateral RTSA.8,10,14–17

A point of controversy was the interval between the first
and the second operation. All studies used a different mean
duration and no optimal interval was identified. We would
suggest that a minimum interval of 6 months would be
considered appropriate so that the first shoulder will start
becoming functional in ADLs before the performance of
the second operation.

A general limitation of the aforementioned studieswas that
the total number of patients who have been treated with
bilateralRTSAwas low,whereasonly twostudiesusedacontrol
group, but without any randomization.10,16On the basis of the
available data from follow-up examinations, the time periods
(1 to 5 years) were relatively short to form a conclusion on the
longevity of the bilateral RTSA implants or the long-standing
stability of achieved function. Furthermore, most studies were
level IV and only two studies were level III.10,16 The modified
CMS (MCMS) of the studieswas lowor average, while no study
was rated with a MCMS higher than 55/100.

In conclusion, despite the lack of high-quality evidence,
staged bilateral RTSA seems to be a safe and effective proce-
dure for patients with CTA, which results in significantly
improved clinical and functional outcomes and low reoper-
ations rates.
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