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Hypothesis: The reverse shoulder arthroplasty, as introduced by Grammont, has had many modifica-
tions over time. One of these modifications was reducing the neck-shaft angle (NSA) from 155 degrees to
135 degrees. Biomechanical studies indicated that lowering the NSA increases external rotation and
reduces abduction and the incidence of scapular notching. The purpose of this study was to compare
range of motion, functional outcome measures, and complications in patients undergoing reverse
shoulder arthroplasty, depending on the NSA, through a systematic review and meta-analysis.
Methods: A literature search was conducted (articles published from January 1985 to January 2020) in
the PubMed/MEDLINE, Embase, and CINAHL databases and the Cochrane library. All studies reporting
outcomes after primary reverse shoulder arthroplasty for osteoarthritis and rotator cufferelated disease
were included. Patients were divided into 2 groups: a medialized design (MD) with an NSA of 150-155
degrees and a lateralized design (LD) with an NSA of less than 150 degrees. Pooled effects were calculated
in the form of mean differences and 95% confidence intervals (CIs). Risk of bias was assessed using the
Risk Of Bias In Non-Randomized Studies - of Interventions tool for non-Randomized Controlled Trials and
the Risk Of Bias 2 tool for Randomized Controlled Trials.
Results: A total of 21 studies and 3134 arthroplasties were included: 1366 with an MD and 1678 with an LD.
The mean age was 73.0 years (MD 74.0 and LD 72.5). A direct comparative meta-analysis was not feasible,
and therefore, all data were compared using the minimal clinically important difference. The MD group
demonstrated a larger improvement in abduction (56.76�, 95% CI 37.03-76.49) than the LD group (48.52�, 95%
CI 28.27-68.78), however the LD group demonstrated a larger improvement in external rotationwith the arm
at the side (MD: 7.69�, 95% CI 0.01-15.37; LD: 16.14� 95% CI 7.18-25.09). When looking at the postoperative
range of motion, the MD group had more abduction than the LD group (MD: 136.28�, 95% CI 127.36-145.20;
LD: 127.77� 95% CI 117.02-138.52). Both designs had a comparable improvement in the Constant Murley score
(MD 42.04 points, LD 41.14 points). Lowering the NSA was accompanied by a decrease in dislocation rate
(MD: 4.6%; LD: 1.4%; P value .037) and notching rate (MD: 40.3%; LD: 17.3%; P value <.0001).
Conclusion: In our analysis, lowering the NSA decreases the amount of abduction but increases the
amount of external rotation. This change in range of motion is accompanied by less scapular notching
and dislocations. There is no clear impact on functional outcome measures.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Since the introduction of the reverse shoulder arthroplasty
(RSA) by Neer in the seventies, indications for RSA have continued
to expand.17 Nowadays, RSA is a common treatment option for
numerous conditions including rotator cuff tear arthropathy (CTA),
proximal humeral fractures, and rheumatoid arthritis. The original
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and poor functional outcomes.55 In 1985, Grammont et al23

introduced a new concept with the center of rotation residing
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two-thirds radius to a hemisphere to medialize the center of
rotation even further.17 Therefore, this design is also referred to as a
medialized design (MD).7

Nowadays, many surgeons consider the design by Grammont
et al as being the gold standard. Nevertheless, this design has
certain drawbacks, such as scapular notching.49 To address this
problem, manufacturers reduced the neck-shaft angle (NSA) from
155 degrees in the original design to as low as 135 degrees. These
newer designs are also referred to as lateralized designs (LD).7

Biomechanical studies indicated that lowering the NSA improves
range of motion (ROM) and reduces the incidence of scapular
notching.7,19,34,59 These biomechanical studies suggest an increase
in forward flexion, external rotation and adduction, as well as a
decrease in abduction.7,32 On the other hand, it is postulated by
some that the dislocation rate increases.2,16,45 However, this has not
been confirmed in cadaveric or cohort studies.

Despite the widespread use of the original Grammont design as
well as implants with a smaller NSA, there remains a paucity of
comparative data on postoperative ROM, functional outcome
measures, and complication rates. Consequently, the influence of
the NSA on these outcomes is still debatable. To our knowledge, no
meta-analyses have been published comparing the standard design
of Grammont et al to a design with a lowered NSA.14,48

We hypothesized that the original design by Grammont et al
results in reduced ROM and comparable functional outcome mea-
sures and complications, compared with a design with a smaller
NSA. In this review, we want to provide a meta-analytical com-
parison of both designs.

Materials and methods

Protocol and registration

This study was conducted in accordance with the preferred
reporting items for systematic reviews and meta-analyses guide-
lines.40 The reviewwas registered at our institutional review board.

Search strategy

We conducted a literature search in following databases:
PubMed/MEDLINE, Embase, CINAHL, and the Cochrane library.
“Humeral head inclination” and “reverse total shoulder arthro-
plasty” were used as key words. The search included all articles
published before the first of January 2020. Only articles published
after 1985 were included because this was the year the design by
Grammont et al was first introduced.17 The reference lists of
included articles were screened for studies of interest missed by the
initial search.

Inclusion and exclusion criteria

Type of subjects
Studies were included if the patients had had a primary RSA for

1 of the following indications: CTA, rheumatoid arthritis and other
forms of arthritis, primary glenohumeral osteoarthritis, and
massive rotator cuff tear with or without pseudoparalysis.

Studies were excluded if the arthroplasty had 1 or more of the
following indications: tumors, revision arthroplasties, acute prox-
imal humeral fractures, postfracture sequelae, infections, locked
anterior dislocation and chronic dislocation, and osteochon-
drodysplasia. Studies with a mixed study population, containing
the aforementioned exclusion criteria, were excluded. Revision,
fractures, and fracture sequelae were excluded based on available
literature reporting worse functional outcomes and higher
complication rates.28,47
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Type of interventions
All studies using a design derived from the original design by

Grammont et al were included. Short-stem arthroplasty and other
designs (eg, Kessel arthroplasty) were therefore excluded.10,39

Patients with previous rotator cuff repair or shoulder-stabilizing
surgery (both open and arthroscopic) were included. Arthroplasty
with glenoid grafting for glenoid bone defect and arthroplasty with
bony increased offset (BIO) were not seen as a confounder and were
therefore included.8

Tendon transfers (eg, latissimus dorsi transfer) were seen as a
confounder and excluded from the analysis. Studies were excluded
if the NSA of the used arthroplasty was blinded.

Study characteristics
We included studies in English, German, and Dutch language.

Studies were included if the follow-up had aminimal duration of 24
months. In case of longer follow up, the data with the largest
amount of arthroplasties were included. Level I up to level IV
studies were eligible for inclusion.

Meta-analyses, systematic reviews, clinical practice guidelines,
medical conference abstracts, letters to the editor, cadaveric
studies, biomechanical studies, surgical technique descriptions, and
case reports were excluded.

Outcome measures

The primary outcome measure is the ROM. ROM, except for
internal rotation with the arm at the side, had to be reported as
degrees of active motion. Internal rotation with the arm at the side
had to be reported either in degrees or as the highest vertebral level
that could be reached by the thumb. ROM had to be measured by a
physician or independent researcher. The following planes of mo-
tion were recorded: forward flexion (FF), external rotation with the
arm at the side (ER), external rotationwith the arm in 90 degrees of
abduction (ERA), internal rotation with the arm at the side (IR),
internal rotationwith the arm in 90 degrees of abduction (IRA), and
abduction (AB).

Complications and functional outcome measures were recorded
as secondary outcome measures. Complications included the
following: scapular notching, infection, dislocation, aseptic loos-
ening, radiological lucencies around the glenoid component,
radiological lucencies around the humeral component, neuro-
praxia, and periprosthetic fractures (both traumatic and stress
type). Functional outcome measures included the following: the
Constant-Murley score, the American Shoulder and Elbow Sur-
geons scoring system, the Simple Shoulder Test, the visual analogue
scale for pain, the Disabilities of the Arm Shoulder and Hand score,
the Subjective Shoulder Value, the Western Ontario Osteoarthritis
of the Shoulder index, the Oxford Shoulder Score, and the Univer-
sity of California Los Angeles shoulder score.4,13,21,31,35,37

Study selection

The online search was performed independently by 2 reviewers
(H.G. and V.G.). In case of doubt about inclusion, authors 5 and 6 (V.B.
and O. LH.) were consulted. During primary identification, title and
abstract were checked for reverse-type arthroplasty, presence of
primary and secondary outcome measures, and type of study. These
articles were then cross-referenced for duplicates. After primary
identification, author one (L.H.) screened title and abstract for in-
clusion and exclusion criteria. If the abstract was not clear, the entire
text would be screened for the outcome of interest. The results of the
screening and reasons for exclusion were registered and checked by
author 2 (N.S.). In case of doubt, authors 5 and 6 would be consulted.
If the study did notmention the primary outcome of interest (ROM in
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any plane), it was excluded from further analysis. After screening,
full-text screening was conducted by authors one and 2 to check for
eligibility. In case of disagreement, authors 5 and 6 would be con-
sulted. Articles with overlapping study populations were checked for
eligibility, and only the best suitable articlewould be included. In case
of missing data, the author would be contacted for more information.
If neither the article nor author could provide the necessary data,
then the article would be excluded from further analysis.

Risk of bias

For determination of risk of bias, the Risk Of Bias In Non-
Randomized Studies - of Interventions tool by Cochrane was used
for non-Randomized Controlled Trials (RCTs) and the Risk Of Bias 2
tool for RCTs.51,52 Both authors one and 2 assessed risk of bias, and in
case of disagreement, author 5 and 6were consulted. Amore intense
rehabilitation protocol was defined as a confounder and BIO and
glenoid grafting as cointerventions. Risk of bias was classified as low,
moderate, serious, or critical. Studies classified as critical would be
excluded from the analysis. Those classified as serious were dis-
cussed by all the authors whether to include it in the final analysis.

Data collection and statistical methods

Data collection
All data were registered in an Excel database (Microsoft Excel,

2010) and exported for statistical analysis in Stata (StataCorp. 2015.
Stata Statistical Software: Release 14; StataCorp LP, College Station,
TX, USA) or SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for
Windows, version 24.0.; IBM Corp., Armonk, NY, USA) as needed.
For study eligibility, a data collection form was used based on the
data collection form for RCTs and non-RCTs by Cochrane and
adapted to our necessities.27

The following information was extracted from each study when
available (1) overall eligibility and study characteristics (level of
evidence, type of study, study design, location of the study, inclu-
sion and exclusion criteria used, amount and types of patient
groups, distribution of age, distribution of sex, and patients lost to
follow-up), (2) intervention (amount of patients, amount of
arthroplasties, type and manufacturer of the arthroplasty, goal of
the study, inclusion period, duration of follow-up, amount of pa-
tients and/or arthroplasties per patient group, follow-up per pa-
tient group, and confounders), (3) outcomes (ROM as previously
defined, type and amount of complications, type and score of
functional outcome measures).

Statistical methods
We divided patients into 2 groups as per the type of arthro-

plasty: the MD group was defined as NSA of 150 degrees or more,
and the LD group was defined as an NSA lower than 150 degrees.
For primary and secondary effect measures, we conducted a sub-
group analysis based on preoperative indication. A subgroup
analysis was not performed if there was insufficient data or if the
sample size was too small (less than 2 studies and/or forty
patients).

A meta-analysis was performed using themean difference using
a random effects model for ROM and functional outcomemeasures.
For ROM, the difference was calculated between both groups
(DROM) to determine if the threshold for minimal clinically
important difference (MCID) was reached.50 Cutoff values for the
MCID are as follows: abduction 7 degrees, forward flexion twelve
degrees, and external rotation 3 degrees. Complications were
compared using a Chi-square of Fisher exact test as needed. Alpha
level was set at 0.05. Continuous outcomes are presented as mean
difference and 95% confidence intervals (CIs). Dichotomous
104
outcomes are presented as percentage of patients and amount of
patients compared with each respective group.

Heterogeneity was assessed using I2. An I2 less than 60% was
used as a cutoff for homogeneity.27 Standard deviation was calcu-
lated from the CI if available. We did not impute standard deviation
if no other estimate of variance was available besides confidence
interval.

Results

Literature search

PubMed/MEDLINE, Embase, CINAHL, and the Cochrane library
each yielded 1657, 19, 2, and 0 studies, respectively (Fig. 1).40 We
identified 58 supplementary studies through screening of refer-
ences, for a total of 1736 studies. Identification through screening of
title and abstract excluded 1343 studies and another 232 studies
after more thoroughly screening. One hundred sixty-one articles
were assessed for eligibility, after which 125 more were excluded.
Sixteen studies were excluded because of “other reasons,” for
example, articles that dealt with anatomic shoulder arthroplasty.
Twenty-two authors were contacted for further clarification, and 2
of them were able to provide the necessary data. Twelve articles
were discussed between the first and second authors until they
reached an agreement on inclusion or exclusion. Fifteen studies did
not provide necessary data (eg, CI interval) for a quantitative
analysis or was the author able to provide them and were therefore
excluded. Eventually, 21 studies were included in the
meta-analysis.

Study characteristics

The total amount of included arthroplasties was 3134: 1366 in
the MD group and 1678 in the LD group (Table I). Mean follow-up
was 43.8 months (range 24-110.4). Most data were collected
approximately 24 months after surgery, with an exception of the
study by Favard et al,15 where data were collected at least 5 years
after surgery. The mean age was 73.0 years (range 66.2-77). Of the
remaining 21 studies, 30.0% of the population was men. Mean
follow-up was 46.0 months (range 24-110.4) in the MD group and
41.4 months (range 24-45) in the LD group, and mean age was 74.0
(range 66.2-75.8) in the MD group and 72.5 (range 71-74.7) in the
LD group. In the respective groups, 34.5% and 30.2% of the patients
were men.

The studies by Boutsiadis et al9 and Friedman et al20 were Level
II prognosis studies (Table II). We included 1 level I treatment study
by Gobezie et al.22 All other studies were treatment studies based
on retrospective cohort analyses of prospectively collected data-
bases. The overall level of evidence was III or IV with an exception
of those by Boutsiadis et al, Friedman et al, and Gobezie et al.

Risk of bias

The authors had a discrepancy in risk of bias in 6 studies. After
discussion, a consensus was reached for all articles. Eight articles
were classified as low risk of bias, eleven as moderate risk of bias,
and 2 as a serious risk of bias. Most articles with a moderate risk of
bias had either a risk of bias in outcome measurement or in the
description of indications. The study by Katz et al29 had a serious
risk of bias primarily because the design of the arthroplasty
changed within the course of inclusion (bias due to deviations of
intended interventions). The study did have an impact on compli-
cation rate, increasing the amount of glenoid loosening but was still
included in the final analysis because there was no impact on our
primary outcome (ROM). The study by Morris et al41 had a serious
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Figure 1 Flowchart based on the PRISMA statement. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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risk of bias because of irregularities causing a risk of bias in all
fields. It was not excluded because it did not cause skewing of the
outcome measures.

Primary and secondary outcome measures

There was a lack of studies with a direct comparison of both
designs. Hence, a direct comparison of both primary and secondary
outcome measures was not possible. Results were therefore
calculated separately per design.

Range of motion
Individual outcomes for ROM are reported in Table III. In the MD

group we found a statistically significant improvement of AB
(56.76�), FF (71.30�), and ER (7.69�). No significant improvement of
IRA (5.20�) and ERA (16.62�) was found (Table IV). In the LD group,
we found a statistically significant progression in all reported
planes of motion (FF 67.41�; AB 48.52�; ER 16.14�).

In the CTA subgroups, the overall results are similar to those of
the entire group. In the MD-CTA subgroup, however, there was no
significant improvement in ER (10.01�, 95% CI -0.51 to 20.54)
anymore.

The threshold for MCID was reached for both postoperative AB
(DROM8.51�) and improvement in AB (DROM8.24�), where theMD
group had more AB. The threshold was also reached for improve-
ment in ER (DROM 8.45�) with the LD group having more ER. In the
CTA subgroup, the MD group has, similarly, more postoperative AB
(DROM 7.88�) and a larger improvement in AB (DROM 7.1�)
compared with the LD group. However, the LD group has more
105
postoperative ER (DROM 8.58�). The MCID for postoperative ERwas
not calculated because the MD group did not have a significant
progression.

Functional outcome measures
In both groups, there was a statistically significant improvement

in the American Shoulder and Elbow Surgeons scoring system,
Constant-Murley score, visual analogue scale for pain, and Simple
Shoulder Test: 44.11, 42.04, 5.60, and 3.93 points in the MD group,
respectively, and 43.47, 41.14, 6.08, and 4.98 points in the LD group,
respectively (Table V). For the CTA subgroups, only the Constant-
Murley score could be calculated, and we found a similar
improvement in both groups (MD: 43.38; LD: 41.49).

Complications
More radiological lucencies around the glenoid (4.4% vs. 2.0%)

and humeral component (12.3% vs. 1.5%) were found in the MD
group vs. the LD group (Table VI). This difference was only statis-
tically significant for the humeral component (P value <.00001).
There seems to be a higher incidence of aseptic loosening of the
glenoid in the LD group (5.8%) than that of theMD group (2.9%), but
this difference was not statistically significant. The incidence of
scapular notching is significantly higher in the MD group (40.3%)
than in the LD group (17.3%; P value <.00001). The total amount of
fractures is comparable in both designs. There were more disloca-
tions in the MD group (4.6%) compared with the LD group (1.4%;
P value .037).

In the CTA subgroups, most results are comparable to the
entire group, except for radiological lucencies around the



Table I
Study characteristics.

Source Level of
evidence

Type of
study

Study design No. of
arthroplasties
(n)

No. of
patients
(n)

Follow-
up
(mo)

Age (yr) Amount
male (n)

Type of prosthesis

Favard
(2011)15

Level IV Treatment
study

Case series with
no comparison
group

484 464 54 76,1 123 Delta III Reverse Shoulder Prosthesis and Aequalis Tornier
Reversed

Young
(2011)57

Level IV Treatment
study

Case series with
no comparison
group

18 16 45,6 70,1 2 Aequalis Tornier Reversed

Hattrup
(2012)25

Level IV Treatment
study

Case series with
no comparison
group

19 16 37 70,0 5 Delta III Reverse Shoulder Prosthesis and Trabecular Metal
Reverse Shoulder System and Aequalis Tornier Reversed
and Encore Reverse

Castricini
(2013)11

Level IV Treatment
study

Case series with
no comparison
group

80 80 60 72,5 21 Delta III Reverse Shoulder Prosthesis

Wiater
(2014)54

Level III Treatment
study

Retrospective
comparative
study

101 101 24 71,95
72,47*

66 Delta III Reverse Shoulder Prosthesis and Trabecular Metal
Reverse Shoulder System and Aequalis Tornier Reversed

Morris
(2015)41

Level III Treatment
study

Retrospective
comparative
study

68 68 37,68 71,3 68,5x 29 Aequalis Tornier Reversed

Kiet (2015)30 Level III Treatment
study

Retrospective
comparative
study

53 53 25,2 n/a n/a Trabecular Metal Reverse Shoulder System

Athwal
(2015)5

Level III Treatment
study

Case series with
no comparison
group

40 40 34 74,0 17 Aequalis Tornier Reversed

Rhee (2015)46 Level III Treatment
study

Retrospective
comparative
study

62 62 24 66,2 68,9y 12 Aequalis Tornier Reversed

Katz (2016)29 Level IV Treatment
study

Case series with
no comparison
group

140 134 45 72,0 34 Arrow Prime Reverse

McFarland
(2016)36

Level IV Treatment
study

Case series with
no comparison
group

42 42 36 71,0 19 Encore Reverse

Bacle (2017)6 Level IV Treatment
study

Case series with
no comparison
group

191 186 39,9 75,0 41 Delta III Reverse Shoulder Prosthesis and Aequalis Tornier
Reversed

Müller
(2018)42

Level III Treatment
study

Retrospective
comparative
study

89 86 60 73,8 71,5k 6 SMR Reverse Shoulder System

Merolla
(2018)38

Level III Treatment
study

Retrospective
comparative
study

74 74 24 75,8 74,7z 10 Aequalis Reversed II and Aequalis Ascend Flex Convertible
Shoulder System

Boutsiadis
(2018)9

Level II Prognosis
study

Retrospective
study

46 46 39 77,0 9 Aequalis Tornier Reversed and Aequalis Ascend Flex
Convertible Shoulder System

Alentorn-Geli
(2018)3

Level III Treatment
study

Retrospective
comparative
study

16 16 35,1 72,5 11 Comprehensive Reverse Shoulder System

Friedman
(2019)20

Level II Prognosis
study

Retrospective
study

1332 1332 44,5 72,2 475 Equinoxe Reverse System

Oh (2019)44 Level III Treatment
study

Retrospective
comparative
study

80 80 31,4 72,1 15 Comprehensive Reverse Shoulder System

Franceschetti
(2019)18

Level III Treatment
study

Retrospective
comparative
study

59 59 24,9 69,9 22 Aequalis Ascend Flex Convertible Shoulder System

Van Ochten
(2019)53

Level IV Treatment
study

Case series with
no comparison
group

27 27 110,4 73 1 Delta III Reverse Shoulder Prosthesis

Gobezie
(2019)22

Level I Treatment
study

Randomized
controlled trial

68 68 38 73 23 Univers Revers

* Cemented vs. uncemented cohort.
y Cohort with 20 degrees of retroversion vs. zero degrees of retroversion.
z Aequalis Reversed II cohort vs. Aequalis Ascend Flex cohort.
x Cohort with no previous opioid abuse vs. with previous opioid abuse.
k Cohort with 36-mm glenosphere vs. 44-mm glenosphere.

L. Holsters, N. Sadeghi, H. Gendera et al. JSES Reviews, Reports, and Techniques 1 (2021) 102e112
glenoid (MD: 13.9%; LD: 10.5%) and humerus (MD: 0%; LD 0%),
which were not significantly different anymore. There were not
enough patients in other subgroups to perform a statistical
comparison.
106
Discussion

Different NSAs are used in different implant designs for RSA. The
primary goal of this study was to perform a meta-analysis on ROM



Table II
Type of arthroplasty. Type, manufacturer, and inclination of included arthroplasties.

Group MD NSA
(�)

No. of
arthroplasties
(N ¼ 1366)

Group LD NSA
(�)

No. of
arthroplasties
(N ¼ 1768)

Delta III Reverse Shoulder Prosthesis (DePuy) 155 750 Comprehensive Reverse Shoulder System (Zimmer-Biomet) 147 96
Aequalis Tornier Reversed (Wright Medical) 155 336 Encore Reverse (DJO Surgical) 135 44
Aequalis Reversed II (Wright Medical) 155 36 Arrow Prime Reverse (FH Ortho) 135 140
Trabecular Metal Reverse Shoulder System

(Zimmer-Biomet)
150 124 Aequalis Ascend Flex Convertible Shoulder System (Wright

Medical)
145 119

SMR Reverse Shoulder System
(LimaCorporate)

150 89 Equinoxe Reverse System (Exactech) 145 1332

Univers Reverse (Arthrex) 155 31 Univers Revers (Arthrex) 135 37

LD, lateralized design; MD, medialized design; NSA, neck-shaft angle.
The amount of arthroplasties in group A is higher than the amount of arthroplasties in the quantitative synthesis because some studies only reported demographics before
exclusion of patients.32,44

L. Holsters, N. Sadeghi, H. Gendera et al. JSES Reviews, Reports, and Techniques 1 (2021) 102e112
after RSA with a different NSA. The most important findings of this
study are an increased abduction in the MD (Fig. 2) but, on the
contrary, an increased external rotation in the LD (Fig. 3). In patients
with CTA, no significant improvement in external rotation is to be
expected with an MD RSA compared with the preoperative status.

Because of a lack of direct comparative clinical studies between
the different designs, a direct statistical comparison was not
feasible. Therefore, we compared both designs using the MCID
(Table IV). MCID has been determined as 3 degrees for ER, twelve
degrees for FF, and 7 degrees for AB.50

Both the improvement and postoperative AB in the MD group
exceed the MCID compared with the LD group (DROM 8.24� and
8.51�, respectively). In an MD with an NSA larger than 150 degrees,
the humeral component is placed more inferior and medially. As a
consequence, the acromiohumeral distance increases, and the
amount of abduction increases.32 This is confirmed by biome-
chanical studies and suggested by the systematic review by
Samitier et al48 where the MD had 15.8� more postoperative AB
compared with the LD. The increase in AB in these studies is
accompanied by a decrease in adduction. As adduction was not
reported in the included studies, we could not confirm this.

The LD group had a bigger improvement in ER (DROM8.45�) and
more postoperative ER (DROM 2.08�) compared with the MD
group. The postoperative ER exceeds the MCID in favor of the LD
group. Both Samitier et al48 and Erickson et al14 support this with
the LD having 17� and 9.9� more postoperative ER, respectively.
This is can be explained by biomechanical studies suggesting a
larger impingement-free excursion in external rotation, and both
the posterior deltoid and remaining rotator cuff having a more
optimal moment arm.7,24,26 The increased moment arm of the
remaining rotator cuff is partly caused by an increased origin-to-
insertion distance, increasing the muscle tension of the remaining
rotator cuff. However, this distance, and therefore themoment arm,
decreases with increasing abduction. These findings are also
confirmed in the CTA subgroup analysis where the MD group did
not significantly improve in ER, and the LD group exceeded the
MCID for postoperative ER (DROM 8.58�) compared with the MD
group. We believe this subgroup to be the best representation of
the biomechanical impact of implant design because rotational
functionmostly originates from the design and deltoidmuscle lever
arm. We would therefore suggest using techniques such as a la-
tissimus dorsi transfer or lateralization of the glenoid (BIO or other
techniques) in patients with a preoperatively impaired external
rotation in combination with an MD RSA .

Both improvement in FF (DROM 2.98�) and postoperative FF
(DROM 4.17�) did not reach the threshold of a MCID. Regardless of
significancewe concluded that the NSA does not clinically influence
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FF. Therefore, we could not confirm findings by other reviews
suggesting an increased FF in the MD.14,48

In biomechanical studies, a substantial improvement in IR is
described for the LD.7,32 In our study, this could not be confirmed
because the reported data were too heterogeneous to perform an
analysis. Because IR is just as important for clinical function as ER, we
would therefore strongly recommend the adaptation of a more
uniform and validated method of measurement. Furthermore, we
believe that measuring the ROM in a single plane of motion does not
provide the best translation into clinical function. Movement of the
upper limb takes place inmultiple planes of motion at the same time
and is often combined with a rotational movement. The adaptation
of techniques measuring the functional workspace would therefore
provide a more realistic and more reproducible result.43

In our analysis, we found an improvement of all summarized
functional outcome measures in both groups. The scores between
both groups did not reach an MCID.50 Overall results were com-
parable with those described by Samitier et al.48 In the CTA sub-
group, where we would expect the largest impact of implant
design, we could not confirm an MCID between designs. Func-
tional outcome measures are not only influenced by ROM but also
by pain and other parameters. We therefore believe this discrep-
ancy with ROM is because the analyzed functional outcome
measures do not offer the best representation of actual clinical
function.

As the humeral component is placed more inferiorly in an MD,
the acromiohumeral distance increases. One consequence is more
AB compared with an LD, but this comes at the expense of more
scapular notching. Both in the overall group (MD 40.3%; LD 17.3%;
P value <.00001) and in the CTA subgroups (MD 44.4%; LD 11.3%;
P value <.00001), the MD group had significantly more notching.
This is a confirmation of results published by others with a notching
rate of about 50% in an MD and 0-5% in an LD.2,19,59 In the CTA
subgroup, the amount of notching increases in the MD group
(44.4%) but decreases in the LD group (11.3%). Other reviews have
confirmed that patients with CTA have a shortened scapular neck
length, which increases the risk of notching.19 Early results sug-
gested that scapular notching had no impact on outcome; however,
a more recent review found a deterioration in functional outcomes
and increased glenoid loosening in a midterm follow-up.19

In some studies, it was suggested that an LDwould bemore prone
to dislocation because of decreased deltoid muscle tension.2,12,16,33,45

However, in our study, there were significantly more dislocations in
the MD group (MD: 4.6%; LD: 1.4%; P value .037).

Some studies have suggested the MD to be more at risk for
acromial stress fractures because of an increased tension of the
deltoid muscle, whereas others suggested this position to reduce



Table III
Individual results e range of motion.

Study Sample
size (n)

ER pre ER post FF pre FF post AB pre AB post ERA pre ERA post IRA pre IRA post

Group MD
Favard et al. (2011)15 484 4.9 ± 17.6 10.6 ± 18.8 69.3 ± 34 128.6 ± 32.6 N/A N/A 23.5 ± 23.3 42.1 ± 30.2 N/A N/A
Young et al. (2011)57 18 15 ± 26 19.7 ± 18.3 77.5 ± 30.7 138.6 ± 32.5 N/A N/A 16.9 ± 23.3 46.1 ± 28.1 N/A N/A
Hattrup et al. (2012)25 17 23.8 ± 23.2 53.4 ± 28.2 72.4 ± 45.6 137.6 ± 33.7 63.8 ± 48.9 134.7 ± 40.7 N/A N/A N/A N/A
Castricini et al. (2013)11 80 17 ± 11 37 ± 37 100 ± 20 150 ± 29 81 ± 19 133 ± 35 N/A N/A N/A N/A
Wiater et al. (2014)54

(1 e Cemented)
37 7.3 ± 21.3 19.7 ± 19.3 52.4 ± 25.1 119.3 ± 22 N/A N/A N/A N/A N/A N/A

Wiater et al. (2014)54

(2 e Uncemented)
64 22.1 ± 23.5 26.5 ± 21 73.3 ± 33.2 131 ± 18.5 N/A N/A N/A N/A N/A N/A

Morris et al. (2015)41

(1 e No opioid abuse)
36 9 ± 13 27 ± 16 43 ± 51 147 ± 29 42 ± 49 145 ± 30 N/A N/A N/A N/A

Morris et al. (2015)41

(2 e Opioid abuse)
32 8 ± 16 32 ± 16 40 ± 37 142 ± 30 38 ± 36 126 ± 39 N/A N/A N/A N/A

Kiet et al. (2015)30 53 N/A 38 ± 23 N/A 136 ± 31 N/A 129 ± 34 N/A N/A N/A N/A
Athwal et al. (2015)5 40 N/A 23 ± 16 N/A 141 ± 14 N/A N/A N/A N/A N/A N/A
Rhee et al. (2015)46

(1 e 20 degrees of retroversion)
30 46 ± 24.5 47.2 ± 8.4 65.3 ± 35.5 127.5 ± 22.8 N/A N/A 58.5 ± 30.1 74.3 ± 14.3 N/A N/A

Rhee et al. (2015)46

(2 e 0 degrees of
retroversion)

32 44.7 ± 24.5 43.9 ± 7 71.1 ± 34.6 120.6 ± 29.6 N/A N/A 58.8 ± 27.1 70.3 ± 18.7 N/A N/A

Bacle et al. (2017)6 191 9 ± 14 10 ± 16 81 ± 43 138 ± 26 N/A N/A 39 ± 21 44 ± 25 N/A N/A
Müller et al. (2018)42

(1 e 36-mm glenosphere)
33 24 ± 19 19 ± 17 83 ± 39 125 ± 30 N/A N/A 41 ± 21 51 ± 25 31 ± 23 39 ± 17

Müller et al. (2018)42

(2 e 44-mm glenosphere)
35 29 ± 19 19 ± 24 87 ± 36 130 ± 18 N/A N/A 29 ± 20 56 ± 21 25 ± 18 33 ± 14

Merolla et al. (2018)38

(1 e Aequalis II Reversed)
36 15 ± 13.3 30 ± 9.9 65 ± 31.9 142 ± 21.1 57 ± 29.4 131 ± 19.9 N/A N/A N/A N/A

Boutsiadis et al. (2018)9

(1 e Aequalis Tornier)
13 14 ± 20 14 ± 13 63 ± 21 148 ± 7 N/A 134 ± 8.5 N/A N/A N/A N/A

Boutsiadis et al. (2018)9

(3 e Aequalis Tornier-BIO)
11 5 ± 20 24 ± 12 74 ± 35 158 ± 4 N/A 145 ± 7 N/A N/A N/A N/A

Gobezie et al. (2019)22

(2 e 155 degrees NSA)
31 29 ± 15 30 ± 14 69.3 ± 27.6 111.9 ± 28.6 76 ± 50 135 ± 17 N/A N/A N/A N/A

Group LD
Hattrup et al. (2012)25 2 20 ± 28.3 40 ± 14.1 80 ± 84.9 140 ± 28.3 80 ± 84.9 130 (42.4) N/A N/A N/A N/A
Katz et al. (2016)29 140 20 ± 25.8 29 ± 16.7 73 ± 31.6 132 ± 26.1 61 ± 26.8 108 (24.7) 30 ± 25.8 54 ± 23.6 N/A N/A
McFarland et al. (2016)36 42 16.8 ± 11.6 19.2 ± 12.6 88.6 ± 36.3 116.6 ± 26.2 91.9 ± 33.8 116.2 (26.7) 41.8 ± 23.6 63.1 ± 21.5 21.1 ± 28.9 23.9 ± 28.5
Alentorn-Geli et al. (2018)2 16 10 ± 13.1 53.7 ± 34.4 86.8 ± 18.9 160 ± 22.5 N/A n/a N/A N/A N/A N/A
Merolla et al. (2018)38

(2 e Ascend Flex Reversed)
38 0 ± 21.3 32 ± 23.1 83 ± 29.1 142 ±17.2 74 ± 26.5 131 (16.7) N/A N/A N/A N/A

Boutsiadis et al. (2018)9

(2 e Ascend Flex Reversed)
10 �8 ± 21 31 ± 13 53 ± 22 149 ± 8 N/A 134 (9) N/A N/A N/A N/A

Boutsiadis et al. (2018)9

(4 e Ascend Flex Reversed-BIO)
12 14 ± 20 30 ± 16 80 ± 35 152 ± 8 N/A 129 (11) N/A N/A N/A N/A

Alentorn-Geli et al. (2018)3 16 10 ± 13.1 53.7 ± 34.4 86.8 ± 18.9 160 ± 22.5 N/A N/A N/A N/A N/A N/A
Friedman et al. (2019)20 1332 18 ± 21.8 36.1 ± 17.2 85.6 ± 38.1 141.7 ± 23.6 72.3 ± 34.6 118.5 ± 28.8 N/A N/A N/A N/A
Oh et al. (2019)44

(1 e individualized
retroversion)

52 37.3 ± 21.1 52.3 ± 15.9 97.5 ± 49.8 141.9 ± 14.6 N/A N/A N/A N/A N/A N/A

Oh et al. (2019)44

(2 e fixed retroversion)
28 27.5 ± 22.3 38.9 ± 16 96.4 ± 43.2 128.9 ± 28.2 N/A N/A N/A N/A N/A N/A

Franceschetti et al. (2019)18

(1 e BIO-RSA)
30 16 ± 11 40 ± 18 81 ± 29 135 ± 25 65 ± 29 119 ± 26 N/A 64 ± 26 N/A N/A

Franceschetti et al. (2019)18

(2 e RSA)
29 15 ± 11 32 ± 20 78 ± 31 136 ± 21 67 ± 28 118 ± 19 N/A 61 ± 20 N/A N/A

Gobezie et al. (2019)22

(1 e 135 degrees NSA)
37 28 ± 14 29 ± 10 78 ± 47 132 ± 19 N/A N/A N/A N/A N/A N/A

AB, abduction; ER, external rotation with the arm at the side; ERA, external rotation with the arm in 90 degrees of abduction; FF, forward flexion; IRA, internal rotation with the
arm in 90 degrees of abduction; N/A, not available; post, postoperative value; pre, preoperative value.
Data are shown as a mean ± standard deviation.
For Merolla et al, standard deviation was calculated using the confidence interval.45
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the same tension.56,58 We could not confirm either hypothesis.
However, in both our study and in other reviews, the LD seemed to
be less at risk for acromial stress fractures (MD 1.7%; LD 0.9%;
P value .5405). For example, in the review by Alentorn-Geli et al,2 an
incidence of acromial fractures of 2.3% was reported in the MD vs.
0.6% in the LD.
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Strengths and limitations

To our knowledge, this is the first meta-analysis on functional
outcomes after RSA with a different NSA. In comparison with other
reviews, we have a larger sample size in the LD group (1678
arthroplasties) and an equal sample size in both designs and as a



Table IV
Summary of range of motion.

Plane of motion No. of studies ROM (degrees [95% CI]) Heterogeneity No. of studies ROM (degrees [95% CI]) Heterogeneity DROM

I2 (%) P value I2 (%) P value

Group MD Group LD
FF post 14 149.79 (143.95, 155.64) 0.0 .755 10 145.21 (138.86, 153.55) 0.0 .981 4,58
FF dif 12 71.30 (60.25, 82.34) 0.0 .905 10 67.41 (54.66, 80.16) 0.0 .691 3,89
AB post 9 136.28 (127.36, 145.20) 0.0 .894 7 127.77 (117.02, 138.52) 0.0 .985 8,51*
AB dif 7 56.76 (37.03, 76.49) 0.0 .773 6 48.52 (28.27, 68.78) 0.0 .990 8,24*
ERA post 5 60.84 (45.14, 76.54) 0.0 .872 3 60.55 (38.55, 82.55) 0.0 .991 0,29
ERA dif 5 16.62 (�0.29, 33.53) 0.0 .989 N/A N/A N/A N/A N/A
ER post 14 31.20 (25.09, 37.32) 0.0 .664 10 33.28 (24.86, 41.69) 0.0 .986 �2,08
ER dif 12 7.69 (0.01, 15.37) 0.0 .984 10 16.14 (7.18, 25.09) 0.0 .816 �8,45*
IRA dif 4 5.20 (�12.98, 23.38) 0.0 .988 N/A N/A N/A N/A N/A

Group MD-CTA Group LD-CTA
FF post 11 152.43 (146.30, 158.56) 0.0 .752 3 148.26 (138.27, 158.24) 0.0 .913 4,17
FF dif 8 79.31 (65.55, 93.06) 0.0 .679 3 76.33 (59.66, 93.00) 1.7 .397 2,98
AB post 8 137.71 (128.13, 147.28) 0.0 .806 3 129.83 (118.21, 141.45) 0.0 .940 7,88*
AB dif 5 61.31 (34.61, 88.01) 0.6 .403 2 54.21 (27.70, 80.72) 0.0 .982 7,1*
ERA post 3 51.32 (23.50, 79.14) 0.0 .931 N/A N/A N/A N/A N/A
ERA dif 3 13.91 (4.51, 23.21) 0.0 .858 N/A N/A N/A N/A N/A
ER post 10 24.05 (15.22, 32.87) 0.0 .985 3 32.63 (17.73, 47,54) 0.0 .995 �8,58*
ER dif 8 10.01 (�0.51, 20.54) 0.0 .791 3 24.78 (10.34, 39.22) 0.0 .850 N/A
IRA dif N/A N/A N/A N/A N/A N/A N/A N/A N/A

AB, abduction; CTA, cuff tear arthropathy; dif, difference; ER, external rotation with the arm at the side; ERA, external rotation with the arm in 90 degrees of abduction; FF,
forward flexion; IRA, internal rotation with the arm in 90 degrees of abduction; LD, lateralized design;MD, medialized design; post, postoperative value; ROM, range of motion.
Range of motion (ROM) is shown as mean (95% confidence interval). DROM: difference in range of motion.

* Value greater than the minimal clinical important difference.

Table V
Summary of functional outcome measures.

Functional
outcome measure

No. of studies ROM (degrees [95% CI]) Heterogeneity

I2 (%) P value

Group MD
ASES e difference 4 44.11 (29.54, 58.68) 0.0 .987
CMS e difference 10 42.04 (38.75, 45.32) 0.0 .922
VASP e difference 6 �5.60 (�6.92, �4.27) 0.0 .612
SST e difference 3 3.93 (�0.43, 8.30) 65.9 .053

Group MD e CTA
CMS e difference 5 43.38 (39.68, 47.09) 0.0 .697

Group LD
ASES e difference 5 43.47 (30.09, 56.84) 0.0 .999
CMS e difference 4 41.14 (35.35, 46.92) 32.1 .195
VASP e difference 7 �6.08 (�7.99, �4.17) 56.6 .018
SST e difference 4 4.98 (2.95, 7.00) 0.0 .915

Group LD e CTA
CMS e difference 3 41.49 (34.93, 48.05) 45.6 .118

ASES, American Shoulder and Elbow Surgeons scoring system; CMS, Constant
Murley score; CTA, cuff tear arthropathy; LD, lateralized design; MD, medialized
design; VASP, VAS score for pain.
ROM is shown as mean (95% confidence interval).

Table VI
Summary of complications.

Complication Group MD Group LD

Radiological lucencies around glenoid component 4.4 (15/341) 2.0 (4/1
Radiological lucencies around humeral component 12.3 (42/341) 1.5 (3/1
Aseptic loosening of glenoid component 2.9 (13/450) 5.8 (15
Neupraxia 2.1 (7/338) 2.8 (5/1
Scapular notching 40.3 (220/546) 17.3 (69
Infections 2.5 (13/513) 2.1 (7/3
Perioperative fractures 0.1 (1/687) 1.4 (3/2
Traumatic fractures 2.0 (13/648) 3.2 (7/2
Acromial/scapular stress fractures 1.7 (12/718) 0.9 (2/2
Dislocations 4.6 (29/636) 1.4 (3/2

CTA, cuff tear arthropathy; LD, lateralized design; MD, medialized design.
Data are shown as % (n/N).

* Statistically significant.
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consequence, a larger comparative value.2,14,48,49,59 However, the
overall risk of bias of the included articles is low to moderate and
there was a low heterogeneity. We acknowledge that there is a dif-
ference in experience between both implants, where there the MD
has advantage. In addition, more recent studies with an MD could
potentially have better results because of the learning curve, and the
entire group can therefore be skewed because of the older studies.

The studies were grouped based on NSA into a medialized or
lateralized design. However, the implant can also be lateralized
using a glenoid bone graft (BIO), lateralized glenosphere, or other
means of lateralization. This was taken into account for risk of bias
as a cointervention but not for the statistical analysis. We did not
distinguish between inlay or onlay humeral implant design. Further
research is necessary to determine the impact of each of these
parameters.

Conclusion

This analysis confirms that lowering the NSA decreases the
amount of abduction and increases the amount of external rotation
P value Group MD e CTA Group LD e CTA P value

96) .2246 13.9 (5/36) 10.5 (4/38) .7325
96) <.00001* 0 (0/36) 0 (0/38) 1
/259) .05603 1.9 (2/104) 0 (0/38) 1
84) .7612 1.5 (1/68) N/A N/A
/398) <.00001* 44.4 (64/144) 11.3 (11/97) <.00001*

39) .8182 2.2 (2/89) 7.9 (3/38) .1578
17) .045* 0 (0/157) 0 (0/38) 1
17) .302 2.5 (4/157) 5.3 (2/38) .3319
17) .5405 3.2 (5/157) 2.6 (1/38) 1
16) .037* 3.4 (3/89) 2.1 (2/97) .6714



Figure 2 MD postoperative abduction. MD, medialized design.

Figure 3 LD postoperative external rotation with the arm at the side. LD, lateralized design.
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with the arm at the side. There is no effect on forward flexion. This
alteration is accompanied by a decrease in the rate of dislocations
and scapular notching. In patients with a rotator cuff tear
arthropathy, no improvement in external rotation is to be expected.
To determine the clinical benefit of these alterations, it is necessary
tomeasure ROM as the amount of functional workspace rather than
a single plane of motion.
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