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Background: Reverse shoulder arthroplasty (RSA) was developed in the late twentieth century to
provide a stable arthroplasty option for patients with rotator cuff deficiency arthropathy. Since its
inception, there have been changes in materials, design, and positioning. One of the persistent
clinical issues has been difficulty with internal rotation (IR) and the associated difficulty with
behind the back activities. Implant design, positioning, and the available soft tissues may influence
IR after RSA. The purpose of this systematic review is to assess factors that impact IR following
RSA.
Methods: The literature search, based on PRISMA guidelines, used 4 databases: Pubmed, Embase, Web
of Science, and Cochrane Central Register of Controlled Trials. We included clinical trials that compared
different implantation and design modifications and assessed IR.
Results: Of the 617 articles identified in the initial search, 46 satisfied the inclusion criteria. The
articles explored multiple factors of RSA and their effects on IR, including humeral and glenoid
components and muscle function and integrity. Among humeral factors affecting rotation, there
was a broad consensus that: IR decreases as retroversion increases, humeral neck-shaft angle less
than 155� improves IR, lateralized humeral offset does not improve IR, and shallow cups improve
IR. Insert thickness was not associated with a reproducible effect. Of the studies evaluating the
effect of glenoid components, there was majority agreement that glenosphere lateralization
improved IR, and there were mixed results regarding the effects of glenosphere size and tilt.
Others included one study in each: glenoid overhang, retroversion, and baseplate. One study found
an association between teres minor insufficiency and improved IR, with mixed results in the
presence of fatty infiltration in both teres minor and subscapularis. Most studies noted sub-
scapularis repair had no effect on IR.
Conclusion: Prosthetic variables affecting IR are not widely studied. Based on the existing literature,
evidence is conflicting. More research needs to be undertaken to gain a greater understanding regarding
which factors can be modified to improve IR in RSA patients.

© 2022 The Authors. 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/).
In 1985, Grammont et al17 developed a novel reverse shoulder
arthroplasty (RSA) prosthesis, utilizing a hemisphere on the glenoid
and a socket in the proximal humerus. Originally used for the
treatment of rotator cuff arthropathy, its clinical indications have
been expanded to include proximal humeral fractures in the
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elderly, neoplasms, refractory glenohumeral instability, irreparable
rotator cuff tears, and pseudoparalysis.15,48

The original Grammont style of RSA includes a humeral
inclination of 155� with a medialized center of rotation.8

However, in the long term, this medialization often resulted
in scapular notching, and limited improvement of internal and
external rotation.3,42 This limitation can be quite disabling as it
poses potential issues with fundamental activities of daily
living such as perineal care.12

The purpose of this studywas to review the current literature on
RSA implantation factors that influence shoulder internal rotation
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Figure 1 Process of article recruitment for systematic review.
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(IR) after RSA. Very few papers focus solely on the effect of RSA on
IR. This review will provide a synthesis of the current literature for
the numerous factors affecting IR in RSA.

Materials and methods

The literature search was conducted from June 5, 2020 to July
15, 2020, following PRISMA guidelines. Studies not published in
English were excluded. Four databases were used: Pubmed,
Embase, Web of Science, and Cochrane Central Register of
Controlled Trials. We utilized search terms “reverse shoulder
arthroplasty OR reverse total shoulder OR reverse shoulder
prosthesis” in the title AND “internal rotation” in the abstract to
find articles in the time period ending at July 15, 2020. No
contact was made with study authors to identify additional
studies due to the desire to find and use data already published
in journals.

The inclusion criteria included comparison of different ad-
justments made to both prosthesis design and/or implantation
technique. This included alterations to both the glenoid and
humeral components and tendon repairs. Additionally, mention
of shoulder IR measurement needed to be included. This
included terms such as hand to back pocket, toileting ability, or
patient’s ability to reach the highest vertebrae. Exclusion
criteria included systematic reviews, studies focusing on revi-
sion surgery, animal studies, comparative surgical procedures,
novel surgical methods for a specific pathology, internal and
external rotation mentioned as a single data point, and con-
ference abstracts. The articles had to have compared experi-
mental variables as it relates to IR (eg, how 2 different implant
designs impacted IR).

Results

The search terms yielded 617 articles. Once the inclusion and
exclusion criteria were applied, 46 articles remained to be used in
the systematic review (Fig. 1).
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Humeral components

Retroversion
From the literature search, 4 humeral component variables were

studied to determine their effects on IR (Table I). These included
retroversion, humeral neck-shaft angle, humeral offset, and cup
depth. In terms of retroversion, an overwhelming majority of
studies that examined this variable found that IR decreases as
retroversion increases.5,19,22,25,26,35,37,41 Of the examined studies,
only 1 mentioned that retroversion had no significant difference in
IR.7

Neck-shaft angle
For the humeral neck-shaft angle, 1 article mentioned IR of the

shoulder was more stable at 155�.35 However, 4 articles found IR
improved at shaft angles below 155�.24,39,46,51 The difference be-
tween 145� and 135� was unclear.24,51 Two studies did not find a
difference between 145� and 155�.4,31

Humeral offset
There were 8 studies that examined the changes humeral offset

has on IR. IR was not influenced by humeral lateralization in 6
studies.21,23,38,43,45,46 Of the 2 articles that disputed this, one found
posterior offset increased IR,6 while another found lateralization
increased IR.11

Humeral cup depth
Of the 46 studies, only one mentioned the effects of cup depth

on IR, noting IR improved with a shallow cup.27

Glenoid components

In terms of glenosphere implantation and design, 7 different
aspects were investigated in the articles that specifically evaluated
the effects on IR (Table II). This included lateralization, diameter,
overhang, retroversion, tilt, baseplate position/ design, and insert
thickness.

Lateralization
Of studies examining lateralization, 7 of 13 found that laterali-

zation of the glenosphere improved IR.5,24,27,28,30,44,50 Of the 6
whose results did not agree with the majority, 3 looked specifically
at boney increase-offset RSA (BIO-RSA), which increases gleno-
sphere lateralization through the use of a bone graft. These studies
found BIO-RSA did not improve IR when compared to standard
RSA.2,14,27 The other 3 articles found lateralization of the gleno-
sphere had no significant effect on active IR.29,32,38

Glenosphere diameter
In terms of glenosphere diameter, 2 studies found a diameter of

42mm increased IR.45,46 One study found no difference34; however,
others found that an increased diameter decreased passive IR.29,44

Terrier et al44 found a 36 mm and 42 mm diameter glenosphere
made it difficult for the completion of hand to back-pocket motion
as a measurement of IR, with a 42 mm offering a slight
improvement.

Inferior overhang
Only 1 study examined the effects of overhang changes in im-

provements to IR. This study found that IR improved in patients
with at least 6 mm of overhang.39

Glenosphere version
Similar to overhang, glenosphere retroversion also had only

1 investigation. The study conducted by Keener et al24 in 2018



Table I
Humeral components and their effect on IR.

Humeral component changed Change to IR Study, yr Study type

Retroversion Inverse relationship Berhouet (2013)5 Cadaver
Gulotta (2012)19 3D model
Jeon (2016)22 Retrospective
Kim (2019)25 3D model
Kontaxis (2017)26 3D model
Oh (2020)35 Retrospective
Rhee (2015)37 Retrospective
Stephenson (2011)41 Cadaver

No difference Boer (2017)7 Retrospective
Humeral neck-shaft angle 155 more stable IR Oh (2014)36 Cadaver

Below 155 improved IR Keener(2018)24 Retrospective
Rol (2019)39 Prospective
Virani (2013)46 3D model
Werner (2017)49 3D model

Offset Lateralization no change Henninger (2014)21 Biomechanical
Kalouche (2009)23 Retrospective
Rojas (2019)38 Retrospective
Tashjian (2015)43 Biomechanical
Verdano (2018)45 Retrospective
Virani (2013)46 3D model

Lateralization increases IR Berhouet (2015)6 Biomechanical
Posterior offset no change Chan (2017)11 Biomechanical

Cup depth IR improved when shallow Kr€amer (2016)27 Cadaver

IR, internal rotation; 3D, 3-dimensional.

Table II
Glenoid components and their effect on IR.

Changes to glenoid component Change to IR Study, yr Study type

Lateralization Improves IR Berhouet (2013)5 Cadaver
Keener (2018)24 Retrospective
Kr€amer (2016)27 Cadaver
L€adermann (2020)28 3D model
Li (2013)30 3D model
Terrier (2013)44 3D model
Werner (2018)50 3D model

BIO-RSA not better than tRSA Athwal (2015)2 Prospective
Collin (2018)14 Retrospective
Greiner (2015)18 Prospective

NS effect Langhor (2015)29 Cadaver
Merolla (2019)33 Retrospective
Rojas (2019)38 Retrospective

Diameter 42 mm increases IR Berhouet (2013)5 Cadaver
Virani (2013)46 3D model

No difference Müller (2018)34 Retrospective
Inverse relationship Langhor (2015) Cadaver

Terrier (2013)44 3D model
Overhang Improved Rol (2019)39 Prospective
Retroversion Greater retroversion greater IR Keener (2018)24 Retrospective
Tilt Inferior tilt, improved IR Li (2013)30 3D model

Decreased IR Werner (2018)50 3D model
Baseplate NS between 25-29mm Chae (2014)10 Biomechanical
Insert thickness Reduces when over 6mm Tashjian (2015)43 Biomechanical

Increases releative to IR Henninger (2012)20 Biomechanical
No difference with high or low constraints Abdulla (2017)1 Cadaver

IR, internal rotation; 3D, 3-dimensional; RSA, reverse shoulder arthroplasty; tRSA, traditional reverse shoulder arthroplasty.

M. Lauria, M. Hastings, M.J. DiPaola et al. JSES Reviews, Reports, and Techniques 2 (2022) 431e436
found that a greater glenosphere retroversion resulted in
greater IR. Two articles reported the impact of glenosphere on
IR. Li et al30 in 2013 found inferior tilt improved IR. Mean-
while, Werner et al50 in 2018 found inferior tilt of the gleno-
sphere decreased IR. Chae et al10 in 2014 found that a
baseplate of 25-29 mm had similar IR.

Finally, studies on insert thickness yielded variable results. One
study stated that thickness over 6 mm reduced passive IR,43 while
another found that increased insert thickness resulted in an in-
crease relative IR.20 This study used spacers to increase thickness.
Abdulla et al1 in 2017 reported when placed with shallow or deep
cup inserts, there was an insignificant change in IR compared to
433
the standard but a significant difference between the high and low
constraints.
Soft tissue envelope

Two muscles showed a relationship to IR: teres minor and
subscapularis (Table III). IR improved when teres minor function
was absent.39 Additionally, 2 studies found contradictory results
regarding whether fatty infiltrate of the teres minor improved
IR.32,40 Regarding the subscapularis, the majority of studies found
subscapularis repair had no effect on IR,9,13,35,38,47 while 1 study



Table III
Muscle status effects on IR.

Muscle Changes to muscle Change to IR Study, yr Study type

Teres minor Repair Dec IR Rol (2019)39 Prospective
Fatty Less, better IR Simovitch (2007)40 Prospective
infiltrate NS Merolla (2020)32 Retrospective

Subscapularis Repair No effect Bonnevialle (2020)9 Retrospective
Clark (2012)13 Retrospective
Oh (2020)35 Retrospective
Rojas (2019)38 Retrospective
Vourazeris (2017)47 Retrospective

Improved IR Friedman (2017)16 Database analysis
Fatty NS Merolla (2020)32 Retrospective
Infiltrate Wiater (2015)51 Prospective

IR, internal rotation.
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noted an effect.16 Additionally, results were contradictory regarding
the effect of fatty infiltration on IR.32,51
Discussion

Since the advent of the reverse total shoulder arthroplasty
procedure decreased IR and behind the back movement has
emerged as a common patient complaint. We sought to analyze the
existing literature for factors affecting IR.

Of the component changes found, only 4 categories had a
strong consensus of studies in agreement. The inverse relation-
ship between humeral retroversion and IR had 8 out of 9 studies
with similar results. These studies included experiments on ca-
davers, 3-dimensional models, and retrospective clinicals. Ber-
houet et al6 found that instead of an increase in IR when
retroversion increases, there is an increase in external rotation.
Additionally, for the humeral neck-shaft angle, 4 out of 5 studies
agreed that an angle below 155� improved IR.24,39,46,49 The angles
compared in these studies included 135�, 145�, and 155�. Both
Keener et al24 and Werner et al49 did not find a significant dif-
ference between 135� and 145�. Although Mellano et al31 dis-
agreed with the majority, his disagreement could have been due
to the fact that the study was focused on comparing medialized
and lateralized center of rotation rather than the humeral neck-
shaft angle as a single entity. The offset of the humeral compo-
nent does not affect IR, while the lateralization of the glenosphere
improves IR. The final category that had majority of the studies in
agreement was the lack of effect on IR when the subscapularis was
repaired.

Unfortunately, biomechanical studies noting improved IR by
changing a single variable do not always translate to real-world
clinical improvement in IR. This is most likely due to a variety of
variables that act synergistically and are difficult to model. We are
currently working on the development of a better computer model
to more closely replicate in vivo conditions.

While there is literature pertaining to the aforementioned
categories, this does not hold true for other aspects of RSA com-
ponents that might influence IR. There is little or no literature on
cup depth, glenoid overhang, glenoid retroversion, and glenoid
baseplate size. Therefore, conclusions on their effects on IR cannot
be made. This lack of investigation could be due to the relative
newness of the procedure. Evaluation of glenoid diameter, tilt,
insert thickness, and fatty infiltrate of the teres minor yielded
contradictory results in the limited literature available. These
differences could also be due to the variation in another compo-
nent of an RSA between the studies, resulting in lack of control
between studies. For example, in the assessment of glenoid tilt,
the 2 available studies used different degrees of humeral
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retroversion, one used the patient’s natural retroversion,50 while
the other kept a 20� constant.30 The different results observed
may be due to the change in retroversion not the glenoid tilt.

One of the greatest limitations of this study is that many of
the papers included are single variable studies utilizing
different types of modeling. In reality, multiple variables likely
interact to affect IR as well as other aspects of outcome. The
development of better biomechanical and simulated computer
models that more closely replicate in vivo conditions will help
improve our understanding of how to improve IR as well as
other aspects of outcome.

Conclusion

In our literature review, we found numerous RSA design and
technique factors that had variable outcomes on IR. A majority of
studies agree that humeral retroversion causes decreased IR, neck-
shaft angle below 155� improves IR, lateralization of the humerus
has no change on IR, lateralization of the glenosphere improves IR,
and subscapularis repair has no effect on IR. Given the relative
paucity of studies as well as the contradictory nature of some of the
findings, the impact of prosthetic placement and design on IR
merits further investigation.
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