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Review Article
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Background and Objective: Reverse shoulder arthroplasty has become a common orthopaedic 
procedure, with a growing number of cases annually for multiple indications, such as rotator cuff arthropathy, 
osteoarthritis, or fractures of the proximal humerus, to reduce pain and restore shoulder mobility. Prosthesis 
design and various recent improvements aim to enhance range of motion (ROM) and stability and to limit 
component loosening and other potential complications. Many of these well-known issues could theoretically 
be improved by glenoid, humeral, or combined component lateralization. The objective of this article is 
to provide an up-to-date literature overview, present available options, and discuss the rationale behind 
lateralization of certain components, as well as their combined impact on outcomes of reverse shoulder 
arthroplasty.
Methods: PubMed and Scopus databases from 2003 to 2023 were searched and screened for studies, 
including systematic reviews, on the influence of glenoid, humeral, and combined component lateralization 
that served for narrative review of rationale behind such design.
Key Content and Findings: Currently, a number of computer simulations, anatomic studies, and limited 
clinical references aim to support the rationale behind glenoid augmentation, variable humeral neck-shaft 

angle (NSA), or humeral tray design.
Conclusions: The utility of lateralization has not yet been clinically established. Randomized, long-term 
clinical outcome studies are still needed to reach a verdict going beyond surgeon preference and case-specific 
indications.
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Introduction

Reverse total shoulder arthroplasty (rTSA) has become 
a common orthopaedic procedure since introduction of 
the design proposed by Grammont in the 1980s and the 

first United States Food & Drug Administration (FDA) 
approval in November 2003 for the treatment of rotator 
cuff arthropathy. Its popularity and incidence grew with 
its successful application for a myriad of indications, such 
as glenohumeral arthritis; inflammatory arthritis; massive, 
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irreparable rotator cuff tears; instability; fractures of the 
proximal humerus; avascular necrosis; glenoid and humeral 
bone loss; shoulder instability; sequelae of brachial plexus 
injuries; infections; and revision surgeries (1-8). Analyses of 
rTSA by Wagner et al. (9) using linear and Poisson models 
demonstrate substantial projected volume increases of 88% 
and 353%, to an estimated 119,994 and 289,193 procedures, 
respectively, by the year 2025 in the United States. 

Early attempts at a prosthesis in which the sphere was 
placed on the glenoid side and the socket on the humeral 
side were associated with glenoid component failure 
caused by increased stress on the scapular component 
from a lateralized center of rotation (COR) (10). The later, 
groundbreaking Grammont prosthesis had a medialized and 
lowered COR, which reduced stress on, and the subsequent 
loosening of, the glenoid component. However, it did not 
prevent other complications, such as scapular notching and 
limited external and internal rotation. 

Lateralization is a design aspect of TSA that continues 
to be developed and analyzed. Like any design, the use 
of lateralization of either the glenoid sphere or of the 
humeral tray and polyethylene can have an effect upon 
many parameters. This type of implant adaptation has 
theoretical advantages, such as increased range of motion 
(ROM), improved stability, and decreased rate of scapular 
notching. However, lateralization has also been associated 
with increased shear forces across the baseplate interface, 

leading to failure, and increased the stress on the scapula, 
resulting in acromial stress fractures (11,12). Consequently, 
the clinical implications of lateralization of the humeral 
and the glenoid side of rTSA continue to be analyzed both 
in laboratories and clinically, and long-term outcomes are 
awaited.

The aim of this article is to provide a narrative review 
of the rationale behind lateralization of the glenoid side 
components and lateralization of the humeral components 
and their effect upon results of rTSA. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://aoj.amegroups.org/article/
view/10.21037/aoj-23-9/rc).

Methods

This narrative review is based on literature review and 
the authors’ expertise in this area. Our literature search 
was performed in PubMed and Scopus for supporting 
data, available as of May, 2023, using relevant keywords  
(Table 1). However, this was not a systematic review and 
does not comprehensively cover all published literature on 
this topic.

Discussion

The purpose of rTSA is to eliminate or reduce pain and 

Table 1 The search strategy summary

Items Specification

Date of search May 19, 2023

Databases and other sources searched PubMed, Scopus

Search terms used Shoulder, arthroplasty, reverse, lateralization, glenoid, humeral

Timeframe 2003–2023

Inclusion and exclusion criteria Inclusion criteria:

Original article on the topic of lateralization in reverse total shoulder arthroplasty

Peer-reviewed article

Article written in English

Exclusion criteria:

Poster or abstract at annual meeting, or master’s thesis without subsequent peer-reviewed 
publication of an article

Article written in language other than English

Selection process Selection conducted independently by first author

https://aoj.amegroups.org/article/view/10.21037/aoj-23-9/rc
https://aoj.amegroups.org/article/view/10.21037/aoj-23-9/rc
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to improve function of the shoulder (13). Elements of the 
prosthesis must replace the worn and defective parts of the 
glenohumeral joint. Prosthesis construction and design 
may predispose to dislocations and limited ROM and can 
be associated with several complications, such as scapular 
notching, fractures of the acromion, nerve injuries, and 
loosening of the baseplate (14,15).

Lateralization of the COR was designed to address some 
of these complications, most notably scapular notching and 
ROM, although it has been thought potentially to improve 
external rotation (16,17). Scapular notching, a complication 
unique to rTSA, usually occurs within 6 months after the 
procedure (18). It is caused by the humeral component 
impinging the inferior and posterior part of the neck of 
the scapula (19-23). In early studies, scapular notching was 
a prevalent finding in rTSA, but its clinical relevance was 
unclear (24,25). Subsequent studies of the impact of scapular 
notching suggested that notching can lead to implant failure. 
Spiry et al. found that, in patients with grade 3 or 4 notching, 
implant survivorship was 60% at 10 years and 43% at 15 
years postoperatively (26). Clinical results measured with 
patient-reported outcomes (the Constant Score and the 
American Shoulder and Elbow Surgeons Score) and ROM 
were, in a meta-analysis of 11 studies by Jang et al., found to 
be negatively affected (27). However, the authors recognized 
that their review was limited by deficiencies and variability 
in the existing literature, which was inconsistent in terms of 
implant design, especially as it relates to lateralization of the 
glenoid or different neck-shaft angles (NSAs) of the humeral 
components in different studies.

Increased lateralization on the glenoid side of rTSA 
can lead to unwanted effects, such as higher torque and 
shear forces on the glenoid and, potentially, loosening of 
the baseplate. Over the years, a number of improvements 
have been made in attempts to overcome this issue of 
baseplate loosening. The use of peripheral locking screws 
in the baseplate has been shown to provide more rigidity 
to the baseplate-glenoid interface. In one study, there was 
a 10.6 times greater risk of loosening associated with the 
use of all peripheral non-locking screws than with locking 
screws (28,29). In some cases, glenoid sphere disassociation 
occurred when the sphere was not seated properly on the 
Morse taper of the baseplate; consequently, some systems 
provided a central hole in the glenoid sphere where a handle 
could be screwed into the sphere to verify that it was fully 
seated on the baseplate. This feature also became important 
if the baseplate-to-sphere connection needed to be broken 
when revising the implants. On the humeral side, a major 

advancement was the realization that the NSA of the 
baseplate upon the humeral stem was a critical factor, not 
only in reducing notching, but in reducing the incidence of 
instability of rTSA (29-31). 

Glenoid lateralization

Options that affect lateralization of the glenoid component 
include the use of a glenosphere design with a lateralized 
offset, bone grafting the space between the baseplate and 
the natural glenoid [bony increased offset-reverse shoulder 
arthroplasty (BIO-RSA)], and use of an augmented glenoid 
component.

The lateral-offset glenosphere was designed to prevent 
scapular notching. Glenosphere lateralization also allows 
a more anatomic placement of the humerus, which may 
lead to improved tensions of the deltoid and rotator cuff 
muscles and, consequently, improved strength, lower risk of 
dislocation, and better ROM, especially external rotation. 
It is important to note, however, that moving the COR of 
the glenosphere refers to the sphere and not to the true 
COR of the glenoid. Most glenoids have substantial bony 
erosion, making the true COR medialized to begin with, so 
that a lateralized glenoid component may be bringing the 
COR of the glenosphere closer to the true COR. Similarly, 
when conducting studies in which the glenoid is reamed to 
a flat surface, this cannot technically be called moving the 
COR medially; rather, the glenoid surface has been moved 
medially. This distinction makes it difficult, when discussing 
the COR on the glenoid side, to compare one study with 
another. 

Moving the COR of the rTSA sphere away from the 
glenoid surface was demonstrated by Gutiérrez et al. (32) 
and confirmed in a cadaveric study by Tashjian et al. (33) 
to be the most important factor in potentially increasing 
impingement-free abduction. A retrospective review by 
Werner et al. (34) demonstrated that patients with glenoid 
lateralization of 6–8 mm had significantly improved active 
internal rotation after 1 year compared with those with 
less glenoid lateralization. Two studies have shown that 
glenospheres with a 10-mm offset led to increased ROM 
without causing impingement (35,36). In a prospective 
multicenter study, Hasan et al. analyzed early results of 
a reverse shoulder prosthesis of a single design with a 
lateralized glenosphere and concluded that rTSA with a 
lateralized glenosphere improves active ROM and patient-
assessed function in carefully selected cases of cuff-tear 
arthropathy and/or pseudoparalysis, as well as in cases of 
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failed prosthetic shoulder arthroplasty (37). The authors 
noted that patients with the greatest preoperative active 
external rotation deficits demonstrated the greatest gains 
postoperatively with this implant configuration (37).

Another option for lateralizing the surface of the glenoid 
involves using a concentric or customized glenoid bone 
graft to make up for medialization of the glenoid sphere 
design or for moving the glenoid surface laterally. However, 
performing a bone graft on the native glenoid can be a 
challenging procedure when there are severe deformations, 
with reported rates of graft resorption as high as 40% 
(38,39). Hypothetically, this approach should provide better 
ROM, less notching, and fewer glenoid component failures. 

A retrospective comparative cohort study by Collin et al. (40)  
compared the results of traditional rTSA and BIO-RSA 
performed by a single surgeon with a single medialized 
glenoid implant design. Results showed no clinically 
meaningful improvements in ROM, Constant scores, and 
scapular notching of BIO-RSA compared with traditional 
rTSA at 2-year follow-up. Greiner et al. (41) compared 

the clinical outcomes of bony lateralization of the glenoid 
using 1-cm autologous bone graft (BIO-RSA) with those of 
standard rTSA. The lateralized group showed statistically 
significant improvements in external rotation in patients 
without major teres minor degeneration. Another study 
by Athwal et al. comparing standard rTSA and BIO-RSA 
showed no substantial differences in ROM, strength, or 
validated outcomes scores between the two groups and a 
significantly lower rate of scapular notching in the BIO-
RSA cohort (42).

Augmented baseplates are used mainly in glenoids with 
bone loss that do not require bone grafting, although 
in larger glenoid defects it has been suggested that they 
can be successfully implanted, with complication rates at  
5 years equivalent to those in patients without augments (43).  
Metal augmentation baseplates can also serve as a form 
of lateralization, as the glenoid will be lateralized in line 
with the thickness of the baseplate. Van de Kleut et al. (44) 
compared 2-year follow-up results of BIO-RSA and metal-
augmented baseplates. The authors did not observe any 
significant differences between the two groups except for 
increased active internal rotation in the BIO-RSA group. 
Levin et al. analyzed 171 patients with glenoid bone 
loss who underwent rTSA with and without augmented 
baseplates with greater than 5-year follow-up and found 
improved outcome scores and ROM in patients with 
augments, with no difference in rate of complications (45).  
As when the glenoid face is moved laterally with bone 
grafting, the increased stress on the bone-implant interface 
may lead to baseplate failure (46). Other concerns regarding 
augmented glenoid components are cost and that they are 
not available for use in every currently marketed implant 
system.

Humeral lateralization 

Lateralization of the humeral component can more 
accurately be called humeral offset, which is the angle at 
which the implant sits to the humeral tray on the surface of 
the humeral cut, and whether it is recessed more shallowly 
vs. more deeply in the proximal humerus (47) (Figure 1). 
The former is considered a onlay humeral tray, and the latter 
is called an inlay humeral tray configuration. Although these 
terms are commonly used to describe the position of the 
humeral tray, if an onlay component is placed deeper in the 
humerus at the time of surgery, it effectively becomes more 
of an inlay prosthesis biomechanically. 

Another feature of the humeral component that has 

A BInlay Onlay

Figure 1 Illustrations of inlay (A) and onlay (B) humeral tray 
design used in reverse shoulder arthroplasty prostheses. The 
position of the humeral tray in reverse shoulder arthroplasty 
prostheses is described as an inlay when it is recessed within the 
proximal humerus after reaming and as an onlay when the tray rests 
more prominently on the humeral stem. Illustration: Tim Phelps, 
MS, FAMI, © 2020 JHU AAM, Department of Art as Applied to 
Medicine, The Johns Hopkins University School of Medicine. 
Used by permission.
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been shown to have a substantially positive effect on 
clinical results is the NSA of the humeral tray to the 
humeral stem. The initial prosthesis designs available 
on the market had an NSA of 155 degrees, typical of a 
traditional Grammont design. Although these 155-degree-
NSA implants were innovative and provided patients with 
excellent pain relief, they were associated with high rates 
of prosthesis instability and scapular notching (30,31,48). 
For the Grammont style of prosthesis with a large NSA 
and a medialized glenoid component, the instability rate 
has been shown to be as high as 17% and the notching 
rate as high as 72% (30).

An implant with an NSA of 135 degrees was subsequently 
developed, but its lateralized glenoid sphere had a high 
glenoid failure rate of 12% (49). A cadaveric study by Giles 
et al. (50) demonstrated that humeral lateralization was the 
only parameter that improved joint and muscle loading but 
glenosphere lateralization resulted in increased loads, and 
that overstuffing with polyethylene inserts that are too thick 
should be avoided.

Gutiérrez et al. (32) noted that an NSA of 130° had 
the largest impact on decreasing the adduction deficit. 
A smaller NSA would in theory allow for a better ROM 
by preventing the humeral component from striking the 
glenoid rim and the rest of the scapula, although scapular 
notching occurs mostly in external rotation (51). Gobezie 
et al. (52) compared humeral inclinations of 135° and 155° 
in a randomized controlled trial of 100 primary reverse 
shoulder arthroplasties. Major findings of the study were 
no differences in postoperative forward flexion or external 
rotation after rTSA using humeral inclinations of 135° and 
155° with a neutral glenosphere, but there was a higher 
incidence of scapular notching in the 155° group. The 
authors noted that the lack of improvement in external 
rotation and the 21% rate of scapular notching in the 135° 
group may be explained by use of a neutral glenosphere 
without lateral offset; on this basis they currently use a 
lateralized glenosphere with a 135° prosthesis in most 
cases. A systematic review by Erickson et al. (53) revealed 
significantly greater external rotation in the 135° NSA 
group (33° vs. 20.5° in a 155° NSA group).

The impact of positioning of the humeral tray (Figure 1) 
on outcomes of rTSA is a longstanding controversy, and 
our review identified few studies comparing the outcomes 
of rTSA procedures for designs differing by tray type only. 
Meshram et al. (54) found no significant differences in 
patient-reported outcome measures and ROM outcomes, 
at minimum 2-year follow-up, between inlay and onlay tray 

designs in rTSA with a lateralized glenosphere and NSA of 
135° for osteoarthritis and glenoid bone deficiency. Polisetty 
et al. (55) reported no differences in clinical outcomes and 
low rates of scapular notching between onlay- and inlay-style 
humeral stem prostheses following rTSA with lateralized 
glenosphere and 135° NSA done at two institutions. 
Significantly greater improvement in external rotation 
for the onlay design was reported by Merolla et al. (56),  
but the compared systems also differed in NSA and 
glenosphere COR location. In a study by Beltrame et al. (57), 
the onlay design resulted in better active external rotation, 
extension, and adduction; however, this was compared with 
an inlay tray with a different NSA angle (145° for onlay and 
155° inlay), which may also have affected the final outcome. 
A recent systematic review and meta-analysis by Larose 
et al. (58) showed no clear superiority of inlay or onlay 
tray design and only subtle differences in patient-reported 
outcome measures showing improvement for inlay implant 
and ROM improvement for the onlay implant.

Combined lateralization

Great  interest  has  been shown in  the  combined 
lateralization effect of different elements of the prosthesis. 
Computer templates considering factors that might affect 
impingement-free ROM showed that the best results came 
from a combination of a 135° NSA and 5 mm of glenoid 
lateralization (59). The authors of that study were aware 
that such configuration would still need clinical verification 
with consideration of soft tissue balance. A systematic 
review by Nunes et al. (60) showed that while lateralization 
of rTSA results in similar clinical outcomes, the risk of 
scapular notching is lower compared with a medialized 
rTSA. Nelson et al. (61), in their 1-year follow-up study, 
demonstrated a lower incidence of scapular notching and 
heterotrophic ossification along with a trend for better 
clinical outcomes for a lateralized design with 6- or 10-mm 
COR offset and 135° NSA angle than for a Grammont-style 
design with a 2.5-mm medial COR offset and a 155° NSA. 
In a recent study by Zitkovsky et al. (62), lateralization with 
a 10-mm lateral offset COR and 135° NSA implant resulted 
in lower incidence of scapular notching and less likelihood 
of heterotopic ossification.

Lateralization may lead to some potential complications. 
Acromial stress fractures occur in about 7% of rTSAs (63). 
The effect of implant positioning on acromial stresses was 
demonstrated in a cadaveric study by Wong et al. (64); 
glenosphere lateralization significantly increased stress on 
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the acromion. Cuff et al. (22) reported the 10-year survival 
rate free of revision for rTSAs with glenoid lateralization 
as 91%. Because low rates of notching may be attributable 
to shorter-term follow-up rather than to the few long-term 
observations available for medialized designs, more long-
term studies need to be conducted.

Conclusions

The current literature supports both traditional and 
lateralized rTSA designs, which can be successfully used to 
relieve pain and, to a large extent, restore shoulder function. 
Every design modification, including lateralization of 
specific elements, requires additional long-term studies to 
demonstrate clinical results and raise awareness of potential 
complications.

Author commentary

While there have been several biomechanical studies on the 
effects of lateralization of the glenoid side and the humeral 
side in rTSA, the effects of these factors upon the clinical 
result remain inconclusive. In some ways it is reassuring 
that pain relief and shoulder function are increased 
regardless of whether the glenoid side or the humeral side 
is lateralized. Despite computer modeling and other means 
of estimating ROM with various implants, in the final 
analysis, none of them can predict the effect of lateralization 
of the implants because none of the models takes into 
account soft tissue constraints. The authors of the present 
review prefer a minimally lateralized glenoid component 
(2 mm) with a lateralized (onlay) humeral component. 
The primary benefit of a medialized or slightly lateralized 
glenoid component and a lateralized humerus is that it is 
the most biomechanically efficient design configuration 
and maximizes the deltoid abductor moment arm and also 
increases deltoid wrapping (17,65,66). 

This combination of lateralization of either the glenoid 
or humeral components has several theoretical advantages. 
First, the subscapularis tendon is not reattached in 
most cases, and the configuration of the rTSA does not 
depend upon subscapularis attachment for stability (67). 
Second, this construct allows the patient more external 
rotation, as there is no limitation from reattachment of a 
shortened subscapularis tendon. Increased external rotation 
theoretically allows the humerus to prevent impingement 
against the acromion and superior glenoid as the arm is 
raised and, thus, allows greater elevation of the arm. Finally, 

the patient is allowed early ROM without fear of instability 
because there is no subscapularis repair warranting 
protection, thus minimizing immobilization.
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