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Review Article

Reverse shoulder arthroplasty. Part  1: 
Systematic review of clinical and functional 
outcomes
Gonzalo Samitier, Eduard Alentorn-Geli1, Carlos Torrens1, Thomas W. Wright

ABSTRACT
Many factors influence the outcomes of reverse shoulder arthroplasty (RSA). The purpose of this 
study was to compare the clinical and functional outcomes of RSA depending on the surgical 
approach, type of prosthesis, and indication for surgery through a comprehensive, systematic 
review.
A literature search was conducted (1985 to June 2012) using PubMed, CINAHL, EBSCO–
SPORTDiscus, and Cochrane Central Register of Controlled Trials. Levels I–IV evidence, in-vivo 
human studies (written in English with minimum of 2 years of follow-up and sample size of 10 
patients) reporting clinical and/or functional outcomes after RSA were included. The outcomes were 
analyzed depending on the surgical approach, type of prosthesis (with medialized or lateralized 
center of rotation), or indication for surgery.
A total of 35 studies were included involving 2049 patients (mean [SD] percentage of females, 
age, and follow-up of 71.6% [13.4], 71.5 years [3.7], and 43.1 months [18.8], respectively). Studies 
using deltopectoral approach with lateralized prostheses demonstrated greater improvement in 
external rotation compared with medialized prostheses with the same approach (mean 22.9° and 
5°, respectively). In general, RSA for cuff tear arthropathy demonstrated higher improvements in 
Constant and American Shoulder and Elbow Society scores, and range of motion compared with 
revision of anatomic prosthesis, failed rotator cuff repair, and fracture sequelae.
Lateralized prostheses provided more improvement in external rotation compared to medialized 
prostheses. Indications of RSA for cuff tear arthropathy demonstrated higher improvements in 
the outcomes compared with other indications. RSA demonstrated high patient’s satisfaction 
regardless of the type of prosthesis or indication for surgery.
Level of Evidence: Level IV.
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INTRODUCTION

Degenerative joint disease of the shoulder is common 
worldwide. The definitive treatment option is joint 
replacement.[1] However, outcomes of anatomic arthroplasty 
with an osteoarthritic rotator-cuff-deficient shoulder have 
been limited.[2-4] The reverse shoulder arthroplasty (RSA) is 
a potential solution for shoulder osteoarthritis with deficient 
rotator cuff.[5-11] Indications for RSA are expanding.[12-14] 

Theoretical advantages of RSA are an increased lever arm of the 
deltoid muscle through a medialized center of rotation of the 
prosthesis (increasing deltoid efficiency), increased prosthetic 
stabilization through humeral lengthening (increasing deltoid 
tension), and decreased mechanical torque at the glenoid 
component (decreasing glenoid loosening).[14-16]

There are a huge number of factors influencing the outcomes 
of RSA.[12,13,15,17,18] These factors are related to the indication for 
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surgery, surgeon’s experience, characteristics of the implant, 
characteristics of the surgical technique, type of approach, 
or postoperative rehabilitation, among others. Unfortunately, 
the analysis of outcomes of RSA depending on the type of 
prosthesis, type of approach, and indication for surgery has not 
been well reported to date.

The purpose of this study was to compare the clinical and 
functional outcomes of RSA depending on the surgical 
approach, type of prosthesis, and indication for surgery through 
a comprehensive, systematic review of the literature. It was 
hypothesized that the clinical outcomes would be modified 
depending on these factors.

MATERIALS AND METHODS

The methodology for this study was reported following the 
PRISMA statement for systematic review and meta-analysis.[19] 
All human studies reporting clinical and/or functional outcomes 
in patients treated with primary or revision RSA were assessed 
for eligibility. Studies were included if they had a level of 
evidence between I and IV, were written in English, had a 
minimum of 2 years of follow-up and had a minimum sample 
size of 10 patients. Studies reporting complications only, 
nonoriginal articles, or studies with insufficient outcome data 
were excluded from this study.

The literature search was based on the PubMed database 
from 1985 to June 2012. The authors are not aware of any 
relevant publication related to RSA before 1985, so the search 
was limited to this period. The keywords and search strategy 
employed in this study included the following: (Reverse OR 
inverse) AND shoulder AND (arthroplasty OR replacement 
OR prosthesis), limited to human studies published in the 
above-mentioned period. Complementary databases were 
used to avoid missing an important article for this study. Thus, 
CINAHL, EBSCO-SPORTDiscus, and the Cochrane Central 
Register of Controlled Trials were also used to search for 
relevant publications in the same period. A literature search 
was performed by one of the authors. Articles of potential 
interest were reviewed in detail (full text) by two authors and a 
decision was made regarding inclusion or exclusion. Clinical and 
functional outcomes were extracted from all included studies in 
a systematic way using a table template by one author, which 
was then verified by another author. In cases of disagreement 
between both authors with regard to study inclusion or data 
extraction, one of the senior authors made the final decision. 
A reference list of all included articles was reviewed to search 
for potential studies not previously identified.

Mean, standard deviation (SD), and range were extracted 
(whenever provided) in the preoperative and postoperative 
periods for the following variables: Constant score, American 
Shoulder and Elbow Society (ASES) score, Simple Shoulder 
Test, range of motion (ROM), and satisfaction. Furthermore, 
relevant information regarding level of evidence, type of 

prosthesis (either with medialized or lateralized center 
of rotation), type of approach (either deltopectoral or 
superolateral), indication for RSA, sample size, percentage 
of females in the sample, follow-up, and age of patients was 
extracted from all studies.

Descriptive statistics was used to summarize all collected 
information from the studies. Statistical analyses were 
performed with SPSS v21 (SPSS Inc., Chicago, IL, USA).

RESULTS

The PubMed search yielded 329 citations, from which 174 
were clinical studies in humans that were reviewed in further 
detail. About 32 met inclusion criteria and additional database 
searches and review of the reference list from included articles 
yielded a final number of 35 articles included in the descriptive 
analysis of clinical outcomes [Figure 1].[5,10,11,17,18,20-46] From all 174 
articles assessed for eligibility, the senior author had to review 
four of them because of disagreement between the two authors 
conducting the systematic review. These two authors had no 
disagreement on data extraction for the 35 included studies.

The 35 included studies were grouped depending on the 
approach and type of prosthesis: Deltopectoral approach 
associated with prosthesis with a medialized center of rotation 
(DM group; n = 18 studies), lateralized (DL group; n = 8 
studies), and a combination of approaches associated with a 
medialized prosthesis (CM group; n = 9 studies). The latter 
group was created because the authors employed different 
approaches, but clinical outcomes were not specified depending 
on the type of approach (all these studies employed a prosthesis 
with a medialized center of rotation). Prostheses with a 
medialized center of rotation included in this study were the 
following: Delta III (DePuy, France), Delta Xtend (DePuy, 
Warsaw, IN, USA), Aequalis (Tornier, France), SMR Modular 

Figure 1: Literature search flow chart
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Shoulder System (Systema Multiplana Randelli, Lima-LTO, San 
Daniele de Friuli, Italy), and Exactech (Gainesville, FL, USA). 
Prostheses with a more lateralized center of rotation included 
in this study were the following: Reverse Shoulder Prosthesis 
(DJO Surgical, Austin, Texas), and Arrow Anatomical Shoulder 
System (Mulhouse, France). The 35 studies included a total 
sample of 2049 patients with a mean (SD) percentage of 
females of 71.6% (13.4), age of 71.5 years (3.7), and follow-up 
of 43.1 months (18.8); the respective data separately in groups 
was, DM, 1085 patients, 73.4% (10.2), 72.4 years (3.1), and 38.1 
months (8.2). DL, 241 patients, 69.7% (12.5), 70.1 years (1.7), 
and 40 months (7.6) and CM group, 723 patients, 73.1% (7.5), 
73 years (2.8), and 50.6 months (33.9). Table 1 summarizes 
the clinical outcomes depending on the approach and type 
of prosthesis.

In the analysis of clinical outcomes depending on the indication 
for RSA, not all 35 studies could be included because results 
were not always specified by indication. The number of studies 
included (total subjects involved) by indications for RSA were 
cuff tear arthropathy 12 (581); revision of anatomic prosthesis 10 
(263); failed rotator cuff repair 5 (150); fracture sequelae 4 (82); 
rheumatoid arthritis 3 (52); massive cuff tear 2 (68); primary 
osteoarthritis with degenerative cuff tear 2 (51); posttraumatic 
osteoarthritis 2 (59); and revision of reverse prosthesis 1 (14). 
Indications of RSA for tumors and acute fractures were not 
included due to limited data. Mean (SD) for percentage of 
females, age, and follow-up depending on indications was the 
following: Cuff tear arthropathy 74% (12), 72.5 years (3.4), and 
34.6 months (8), respectively; revision of anatomic prosthesis 
66.5% (11.7), 68.2 years (2.7), and 38.2 months (6.6); failed 
rotator cuff repair 69% (19.8), 69.8 years (3.6), and 39.6 
months (11.8); fracture sequelae 70% (8.1), 73.2 years (5.3), 
and 37.6 months (8.2); and rheumatoid arthritis 87.6% (9.8), 
68.2 years (2.9), and 56 months (22.2), respectively. For massive 
cuff tear, primary osteoarthritis with degenerative rotator 
cuff, and posttraumatic osteoarthritis only the mean (range) 
follow-up was provided: 34 months (range 24-118), 38 months 
(range 24-81), and 42 months (range 24-97), respectively. For 
revision of reverse prosthesis, percentage of females, and mean 
(SD) of age and follow-up were 28%, 70.6 years (8.7), and 33 
months (11.2), respectively. Table 2 summarizes the clinical 
outcomes depending on the most common indication for RSA 
in the included studies.

DISCUSSION

The purpose of this study was to compare the clinical and 
functional outcomes of RSA depending on the type of prosthesis 
(with either medialized or lateralized center of rotation), type 
of approach, and indication for surgery. The principal finding of 
this study was that both types of prostheses clearly improved 
the outcomes, but lateralized prostheses had more pre-to-
postoperative differences (improvement) for ASES total and 
pain scores and external rotation compared with medialized 
prostheses. In addition, outcomes depending on each indication 

considerably improved, but those corresponding to revision 
of anatomic prosthesis, failed rotator cuff repair, and fracture 
sequelae demonstrated lower improvements compared to cuff 
tear arthropathy. The postoperative patient’s satisfaction with 
surgery was very high (overall mean of 90%) in both types of 
prostheses and for all indications for surgery.

To the best of our knowledge, this is the first systematic review 
aimed to investigate the clinical and functional outcomes of 

Table 1: Clinical outcomes depending on the type of 
approach-type of prosthesis
Outcome DM DL CM

Mean (SD) Mean (SD) Mean (SD)
Constant total pre 26.7 (5.2) — 30.4 (13.2)
Constant total post 63.3 (6.6) — 64.2 (10.5)
Constant total dif 36.8 (3.8) — 35.9 (5)
Constant pain pre 4.1 (0.6) — 3.2 (0.3)
Constant pain post 12.1 (1.1) — 11.9 (1.1)
Constant pain dif 8 (1.4) — 9.2 (1)
Constant activity pre 6.1 (0.7) — 6.3 (0.6)
Constant activity post 15.5 (0.9) — 15.5 (1)
Constant activity dif 9.4 (0.6) — 9.5 (1.1)
Constant mobility pre 11.8 (3.2) — 12.6 (1.2)
Constant mobility post 21.7 (7.5) — 25.4 (1.9)
Constant mobility dif 9.9 (5.6) — 13.5 (1.9)
Constant strength pre 2.3 (1.7) — 1.6 (0.3)
Constant strength post 7.5 (1.9) — 6.7 (1.2)
Constant strength dif 5.1 (0.5) — 5.3 (0.9)
ASES total pre 54.8 (6.2) 30.7 (4.5) 35.4 (4.5)
ASES total post 71.8 (12.7) 68.4 (8.2) 75.1 (2.5)
ASES total dif 17 (NA)† 37.7 (7.1) 40.7 (5.7)
ASES pain pre 6.6 (2.8) 17.1 (3.5) 17.9 (2.4)
ASES pain post 1.6 (2.1) 39.4 (3.2) 41.9 (0.7)
ASES pain dif −5 (NA)† 22.3 (3.1) 24 (1.7)
ASES function pre — 14 (2.1) 19.4 (NA)*
ASES function post — 29.5 (5.6) 32.5 (NA)*
ASES function dif — 15.5 (4.8) 13.1 (NA)†

SST pre — 1.3 (0.4) 1.9 (0.05)
SST post — 5.2 (1.6) 6.6 (0.2)
SST dif — 3.9 (1.4) 4.7 (0.2)
ROM FF pre (°) 66.6 (17.4) 51 (5.1) 69 (4.8)
ROM FF post (°) 123.5 (16) 111 (21.7) 129.4 (8.1)
ROM FF dif (°) 56.8 (6.8) 59.9 (19.1) 61.8 (9)
ROM ABD pre (°) 48.6 (10) 44.2 (5.8) 63.5 (2)
ROM ABD post (°) 100.3 (9.1) 103.7 (17.9) 119.5 (8.2)
ROM ABD dif (°) 51.7 (3.8) 59.5 (13.9) 56 (6.2)
ROM ER pre (°) 12.6 (5.3) 15.9 (7.4) 10.8 (6.7)
ROM ER post (°) 17.5 (10.3) 38.8 (11.8) 21.8 (16.1)
ROM ER dif (°) 5 (7.9) 22.9 (8.9) 13.5 (10.5)
Satisfaction post 89.5 (4.6) 92 (6.9) 89.6 (4.2)
DM = Deltopectoral approach associated with a prosthesis with a medialized center of 
rotation; DL = Deltopectoral approach associated with a prosthesis with a lateralized 
center of rotation; CM = Combination of approaches associated with a prosthesis 
with a medialized center of rotation; SD = Standard deviation; NA = Not available; 
Pre = Preoperative value; Post = Postoperative value; Dif = Mean (SD) of the differences 
between pre and post values for all studies providing each outcome; ASES = American 
Shoulder and Elbow Score; SST = Simple Shoulder Test; ROM = Range of motion; 
FF = Forward flexion; ABD = Abduction; ER = External rotation. *Only 1 study was included 
and no SD was provided; †Only 1 study was included
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RSA depending on the type of prosthesis, type of approach, 
and an indication for surgery. Khan et al. conducted a 
comprehensive, systematic review aimed to investigate the 
outcomes of RSA depending for cuff tear arthropathy, massive 
cuff tear, and rheumatoid arthritis.[12] However, the authors only 
included Delta II prostheses and the review included studies 
up to 2010. The present investigation found many references 
in the last 2 years and in addition, different type of prostheses, 
more indications, and a higher number of studies were analyzed. 
Based on the present study and on the existing literature, RSA 
is an excellent surgical solution with great improvements in 
clinical outcomes for cuff tear arthropathy,[5,10-13,17,22,23,30,36,39,42,47] 
massive cuff tear,[12,13] 42 failed rotator cuff repair,[11,20,22,36,37] 

rheumatoid arthritis,[12,27,44,45] fracture sequelae,[5,33,34,43] revision 
of anatomic prosthesis,[5,11,13,22,28,31,32,35,41,42] and revision of 
reverse prosthesis.[26] In addition, both types of prostheses 
demonstrated excellent improvements in the postoperative 
period with regard to all outcomes. The fact that prostheses 
with lateralized center of rotation had greater improvement 
in ASES and external rotation have to be interpreted with 
caution, as this study had some limitations. First and foremost, 
a pooled analysis of the results (meta-analysis with inferential 
statistics) was not possible for methodological reasons, as 
nearly all studies did not report the SD in the outcomes and 
an accurate meta-analysis could not be, therefore, conducted. 
In addition, most of the studies did not disclose the outcomes 

Table 2: Clinical outcomes depending on the most common indications for RSA
Outcome CTA RAP FRCR FS

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Constant total pre 30.5 (12.6) 21.2 (4) 28.4 (3.6) 26.7 (3.1)
Constant total post 68.1 (8.4) 52.8 (4.4) 57.6 (2.2) 57.4 (1.6)
Constant total dif 37.6 (7.2) 31.6 (1) 29 (2) 35 (9.5)
Constant pain pre 3.5 (0.9) 4.2 (0.1) 4 (1.1) 4.5 (NA)*
Constant pain post 13.4 (0.5) 11 (0.7) 10.4 (1) 10.2 (NA)*
Constant pain dif 9.2 (2.1) 6.7 (1) 5.6 (3.2) 5.7 (NA)†

Constant activity pre 5.9 (0.1) 5.4 (0.6) 6.1 (NA)* 6 (NA)*
Constant activity post 16.8 (0.1) 14.4 (0.1) 14.5 (NA)* 14 (NA)*
Constant activity dif 10.9 (0) 8.9 (0.7) 8.4 (NA)† 8 (NA)†

Constant mobility pre 9.7 (3.2) 10.1 (1.4) 14.8 (NA)* 10.6 (NA)*
Constant mobility post 20.1 (10.1) 21.2 (0.8) 24.4 (NA)* 20.8 (NA)*
Constant mobility dif 10.8 (8.3) 11 (0.8) 9.6 (NA)† 10.2 (NA)†

Constant strength pre 1.6 (0.3) 1.9 (0.5) 1.3 (NA)* 6.9 (NA)*
Constant strength post 7.2 (0.7) 6.1 (0.9) 6 (NA)* 13 (NA)*
Constant strength dif 5.7 (1.1) 4.25 (0.5) 4.7 (NA)† 6.1 (NA)†

ASES total pre 31.8 (1.7) 34.2 (12.6) 33.1 (0.2) 28 (NA)*
ASES total post 80.3 (4.7) 62.3 (8.3) 75.7 (2.6) 62.4 (1.2)
ASES total dif 49.8 (8.3) 30.7 (9.2) 42.4 (3.5) 35 (NA)†

ASES pain pre 16.1 (1.2) 13.9 (6.6) 16.7 (2) 15 (NA)*
ASES pain post 43.5 (1.1) 27.2 (16.6) 42.5 (2.4) 35 (NA)*
ASES pain dif 27.4 (3.2) 14.1 (13) 25.3 (6.3) 20 (NA)†

ASES function pre 16.3 (NA)* 11.1 (1.2) 13.9 (NA)* 15 (NA)*
ASES function post 35 (NA)* 21.2 (4.1) 33 (NA)* 27 (NA)*
ASES function dif 18.7 (NA)† 10.5 (4) 19.1 (NA)† 12 (NA)†

SST pre 1.8 (0.4) 1.1 (0.3) 1.7 (0.2) 1 (NA)*
SST post 7.2 (0.9) 4.2 (1.3) 6.9 (0.05) 4 (NA)*
SST dif 5.4 (0.6) 3.1 (1.3) 5.2 (0.4) 3 (NA)†

ROM FF pre (°) 63.7 (12.6) 50.8 (9.9) 60.5 (17) 42.2 (6.8)
ROM FF post (°) 130.6 (10.8) 104.4 (18.7) 122.7 (10.8) 99.9 (7.1)
ROM FF dif (°) 68 (13.5) 52.9 (16) 63.9 (19.3) 58.3 (6.1)
ROM ABD pre (°) 51.2 (14.3) 41 (3.8) 50.4 (11.5) 41.3 (6.5)
ROM ABD post (°) 111.9 (15.9) 87.5 (12) 112.9 (16.6) —
ROM ABD dif (°) 60.7 (14.3) 46.5 (9.9) 62.5 (19.7) 53.7 (3.5)
ROM ER pre (°) 12.5 (8) 9.7 (3.8) 14.1 (10.6) 12.2 (5.1)
ROM ER post (°) 22 (12.6) 16.1 (12.8) 24 (18.5) 31.7 (5.7)
ROM ER dif (°) 9.6 (8.5) 8.1 (15.1) 10.8 (11.8) 17.8 (6.1)
Satisfaction post 95.7 (0.4) 84.2 (4.4) 87 (NA)* 85.9 (9.4)
RSA = Reverse shoulder arthroplasty, CTA = Cuff tear arthropathy; RAP = Revision of anatomic prosthesis; FRCR = Failed rotator cuff repair; FS = Fracture sequelae; SD = Standard 
deviation; NA = Not available; Pre = Preoperative value; Post = Postoperative value; Dif = Mean (SD) of the difference between pre and post values for all studies providing each outcome; 
ASES = American shoulder and elbow score; SST = Simple shoulder test; ROM = Range of motion; FF = Forward flexion; ABD = Abduction; ER = External rotation; *Only 1 study was 
included and no SD was provided; †Only 1 study was included
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depending on the indications for surgery, so this parameter had 
to be considered separately to avoid a significant decrease in the 
number of studies included in the comparisons of outcomes. 
Thus, only the type of prosthesis and type of approach could 
be analyzed altogether. Second, as almost all included studies 
were case series, the comparison of outcomes depending on 
the type of prosthesis, approach, and an indication was indirect 
in nature with a greater potential influence of uncontrolled 
variables. Third, the influence of several factors potentially 
influencing the outcomes could not be assessed because of 
limited information, heterogeneity of studies, and small number 
of studies included for some comparisons (which would 
decrease even more the available data if more subgroups were 
done). Finally, it must be mentioned that the ASES score in 
medialized prosthesis was only reported by one study,[28] which 
may decrease the value of the comparison of this parameter 
between medialized and lateralized prostheses.

It must be first recognized that there are a considerable 
number of potential factors not controlled in this analysis that 
may have a potential influence on the outcomes: Different 
surgeon’s experience,[13] different rehabilitation protocols 
(given the multicentric nature of this study), type (eccentric 
or concentric) and size of glenosphere,[17,18] location and 
orientation of the glenosphere and humeral components 
(inferiorly placed glenosphere, anteversion/retroversion, 
of the humeral component)[15] degree of fatty infiltration of 
the teres minor muscle,[5,38] degree of bone stock,[29] soft tissue 
tensioning,[15] status of the subscapularis muscle, humeral 
osteotomy angle, or previous surgery.[7,11,36] In addition, no 
attempt was made to analyze data based on differences in 
humeral components, medialized versus lateralized, high 
neck angle versus low neck angle, sit-on-top versus sit inside, 
and cemented versus uncemented. In the present study, the 
influence of the type of approach on the outcomes of RSA 
could not be well determined. Some studies used a combination 
of approaches, and the outcomes were not specified depending 
on whether the approach was deltopectoral or superolateral. 
Therefore, some studies were grouped as CM[10,20-25,29,46,48] to 
refer to studies using a combination of approaches (and a 
medialized prosthesis). In some ways, differences between 
groups DM and CM may be explained by differences in the 
type of approach, as a type of prosthesis in both groups has a 
medialized center of rotation. However, considering that the 
CM has a combination of approaches rather than a unique 
superolateral approach, no clear conclusions can be drawn 
regarding its influence on the outcomes of RSA. There are 
some studies that have found that the surgical approach does 
not have an influence on the outcomes of RSA.[10,40,46] Clearly, 
further research is needed in this aspect to better elucidate 
the influence of the type of approach on the outcomes of 
RSA. Well-designed level I- or II-evidence comparative 
studies are needed before clear conclusions can be established. 
Nonetheless, the clinical relevance of this research question 
(influence of the type of approach) may be questioned, as some 
surgeons may be forced to adopt a certain approach based on 

the surgical history of the patient or the characteristics of the 
patient’s disorder itself.

The type of prosthesis (with a medialized or lateralized center 
of rotation) seems to have a much more relevant influence on 
the outcomes of RSA. Given that many studies only employed 
the deltopectoral approach, the type of prosthesis was more 
easily isolated. Thus, the comparison between DM and DL may 
show the influence of the center of rotation on the outcomes. 
Essentially, both groups demonstrated great improvements in 
outcomes in the postoperative period. Unfortunately, no studies 
employing a lateralized center of rotation reported the Constant 
score, so no comparisons were possible between DM and DL for 
this parameter. In addition, the ASES score was only reported 
by one study in the DM group[28] so no accurate conclusions can 
be drawn for this parameter. In contrast, all studies reported 
the ROM. The only clinically relevant difference in ROM was 
for external rotation. Specifically, the DL group demonstrated 
greater improvements in external rotation compared to the DM 
group. The reasons for lower improvement in external rotation 
in medialized prostheses have been suggested by Boileau et al.,[5,15] 
and Grammont and Baulot.[8] A medialized center of rotation 
may imply that the humeral cup impinges the posterior neck 
of the scapula when the arm is at the side.[5,15] In addition, as the 
posterior deltoid theoretically provides some external rotation 
when coupled with some abduction,[8] the medialization of the 
center of rotation may decrease the efficacy of the posterior 
deltoid to assist in the external rotation.[15] Also, the status of the 
teres minor may influence the degree of external rotation,[5,38] but 
this variable was not controlled in the vast majority of studies. 
Boileau et al. conducted an interesting study in which the center 
of rotation of a medialized prosthesis was lateralized by placing 
a bone autograft from the humeral head between the base plate 
and the scapula.[21] This bony lateralization of the center of rotation 
demonstrated good integration and the authors found 53° of 
external rotation and a Constant score of 66. Unfortunately, this 
was a case series and comparisons with medialized prostheses 
were only conducted based on the existing literature. The 
disadvantage of metallic, as opposed to bony, lateralization 
may be the higher torque or shear force applied to the glenoid 
component, which may lead to a higher rate of glenoid loosening 
and screw breakage witnessed.[15,49] Therefore, bony lateralization 
was suggested to provide a benefit to external rotation without the 
potentially disastrous consequences of metallic lateralization.[21] In 
a similar way, Valenti et al. reported the outcomes of a lateralized 
prosthesis and concluded that less medialization of RSA improves 
external rotation, thus facilitating activities of daily living of older 
patients.[39] However, the authors did not compare the outcomes 
with a sample of patients undergoing RSA with a medialized 
prosthesis, so their conclusion was again based on a comparison 
with the existing literature. No level I- or II-evidence studies 
aimed to compare the outcomes of RSA depending on the type 
of prosthesis were found in the literature.

Most common indications for RSA were cuff tear arthropathy, 
revision of anatomic prosthesis, failed rotator cuff repair and 
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fracture sequelae. This study shows that the indication for 
surgery may have an impact on the outcomes of RSA, which 
is in accordance with the existing literature.[5,7,11,13,22,23,36,37,42] 
The present study did not specifically assess the influence 
of primary versus revision surgery. Some authors found that 
patients with no previous surgery undergoing RSA had higher 
postoperative scores in ASES (total, pain, and function) and 
Constant (total and pain) compared to patients with previous 
surgery.[7,11,22] However, other authors observed no significant 
differences in the improvement or postoperative values of 
Constant score, ASES, Simple Shoulder Test, Visual Analogue 
Scale for pain and function, Oxford Shoulder score, University 
of California in Los Angeles (UCLA) Shoulder scale, and ROM 
between patients with and without previous surgery.[10,36,37] 
For specific indications, the present study demonstrated 
that cuff tear arthropathy had higher improvements in 
Constant score (total, pain, and activity), ASES score (total, 
pain, and function), Simple Shoulder Test, forward flexion, 
and abduction compared to revision of anatomic prosthesis. 
Although there were no inferential statistics in the present 
study, these results are both in agreement and disagreement 
with previous studies. Boileau et al. found that patients with 
cuff tear arthropathy had significantly higher improvements in 
Constant score compared with patients undergoing revision of 
the prosthesis.[5] The authors found a higher improvement (no 
P value provided) in ASES score and external rotation in cuff 
tear arthropathy compared with revision of prosthesis, but no 
differences (no P value provided) in forward flexion. Regarding 
the Constant score, Wall et al. found that cuff tear arthropathy 
and primary osteoarthritis with degenerative rotator cuff had 
a higher postoperative Constant score (no P value provided) 
compared to revision of anatomic prosthesis, massive cuff tear, 
and posttraumatic osteoarthritis.[42] In fact, revision of anatomic 
prosthesis and posttraumatic osteoarthritis had significantly 
worse postoperative Constant score compared to the other 
indications. Regarding ROM, Wall et al. found that patients 
with cuff tear arthropathy and posttraumatic osteoarthritis 
had higher improvements (no P value provided) in external 
rotation compared to revision of prosthesis, massive cuff tear, 
and primary osteoarthritis with degenerative rotator cuff. For 
forward flexion, cuff tear arthropathy and revision of anatomic 
prosthesis had the highest improvement (no P value provided) 
compared with massive cuff tear, posttraumatic osteoarthritis, 
and primary osteoarthritis with degenerative rotator cuff.[42] 
Favard et al. reported a case series in which patients underwent 
hemiarthroplasty, anatomic total shoulder arthroplasty, or RSA 
and outcomes were analyzed depending on the indication for 
surgery.[23] The authors found that the primary osteoarthritis 
with degenerative rotator cuff and cuff tear arthropathy had 
a significantly higher improvement of the Constant score 
compared to rheumatoid arthritis and avascular necrosis. 
Unfortunately, the number of RSA in the groups of primary 
osteoarthritis with degenerative rotator cuff, rheumatoid 
arthritis, and avascular necrosis was 2, 6, and 0, respectively. 
Therefore, the significant differences are likely explained by 
anatomic prostheses instead of RSA. Similarly, Walch et al. 

found that cuff tear arthropathy, primary osteoarthritis with 
degenerative rotator cuff, and massive cuff tear had significantly 
higher improvement of the Constant score compared with the 
revision of the prosthesis and posttraumatic osteoarthritis.[13]

Based on the present study, several recommendations for 
further research may be elaborated. There is a clear need for 
future studies specifically comparing the use of medialized 
and lateralized RSA, as the present comparison was indirect in 
nature given that no comparative studies of this parameter have 
been published to date. Further clarification is needed to know 
to which extent there are significant differences in functional 
outcomes as well as in external rotation between both models. It 
is probable that differences on the implanted humeral side may 
have profound outcome implications, yet there has been no focus 
on this side of the joint in RSA outcome studies. In addition, 
the exact impact of the type of approach on the outcomes 
needs to be better delineated. In any further study utilizing 
more than one approach and type of prosthesis, the analysis of 
outcomes needs to be specified depending on both parameters. 
Furthermore, as the results of RSA may differ depending on the 
indications for surgery, disclosure of outcomes for indications 
is also warranted. Finally, there are two methodological 
recommendations regarding the presentation of studies to 
facilitate further meta-analyses. First, it is important from a 
methodological and statistical point of view to report the SD in 
all parameters collected. Second, further studies would have to 
use similar outcome-measurement tools. Most studies employing 
prostheses with medialized center of rotation used the Constant 
score, whereas studies utilizing lateralized prostheses used the 
ASES score. Other investigations employed the Simple Shoulder 
Test, the Oxford Shoulder score, or the UCLA Shoulder scale. 
This heterogeneity of outcome-measurement tools makes inter-
study comparisons highly difficult. Only ROM is systematically 
provided in the published studies, but more homogeneity is 
required to facilitate further meta-analyses.

CONCLUSIONS

Both types of prostheses (with medialized and lateralized 
center of rotation) clearly improved all the reported outcomes, 
but lateralized prostheses had more improvement in external 
rotation compared to medialized prostheses. All outcomes 
of RSA implanted for all types of indications significantly 
improved in the postoperative period, but those corresponding 
to revision of anatomic prosthesis, failed rotator cuff repair, and 
fracture sequelae demonstrated lower improvements compared 
with cuff tear arthropaty. The RSA is a surgical procedure with 
high patient satisfaction regardless of the type of prosthesis or 
the indication for surgery.
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