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Reverse Shoulder Arthroplasty with (or without) subscapularis repair:

does it affect range of motion and/or articular stability?

ABSTRACT

Background: The aim of this bibliographic review is to assess the results between the
repair and non-repair of the subscapularis tendon in reverse shoulder arthroplasty,

regarding range of motion and joint stability.

Methods: Literature search performed in PUBMED using the QUERY “Reverse Shoulder
arthroplasty” AND “subscapularis repair”, limited to January 1st, 2015 until 16 January
16th, 2021. The inclusion criteria were studies with adult patients submitted to reverse
shoulder arthroplasty, comparing subscapularis repair or non-repair, and reporting

range of motion and stability as an outcome.

Results: Most of the studies did not find significant differences between the repair and
the non-repair of the subscapularis for most of the assessed outcomes. However,
lateralization or medialization of the centre of rotation of the prosthesis was identified
as an important variable when not repairing the subscapularis, where lateralized

prostheses showed a decreased dislocation rate.

Conclusion: Most studies did not find significant advantages in repairing the
subscapularis when considering range of motion. When the subscapularis is not
repaired, lateralized prostheses may provide lower dislocations rates. There is not yet
sufficient evidence to demonstrate the indication or contraindication for repair of the

subscapular tendon.

Key words: Reverse Shoulder Arthroplasty, Subscapularis Repair, Stability, Range Of

Motion.
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INTRODUCTION

Reverse shoulder arthroplasty was initially proposed for the treatment of end-stage
rotator cuff arthropathy(1,2). Expanding indications have gradually been suggested in
primary and secondary arthritis(2,3), fractures of the proximal humerus and its
sequelae(2-5), tumoral resection(2), massive rotator cuff tears(2—4,6,7), other painful
cuff arthropathies(3,5,8) or arthroplasty revision(2—-4). Good to excellent functional
outcomes have been reported(2), especially regarding active elevation(2), external
rotation(2), and abduction(2). Nevertheless, some complications can occur, such as
neurologic injury, dislocation, periprosthetic fracture, hematoma, infection, scapular

notching, mechanical baseplate failure, and acromial fracture(3,4,9-11).

Despite this, concerns have been raised regarding limited range of motion after reverse
shoulder arthroplasty(12,13). Studies have demonstrated that possible causes may be
related to impingement(14), prostheses design(5), medialization of the glenosphere or
the humerus(5) and management of the subscapularis tendon(15,16). A recent study
has demonstrated better outcomes regarding range of motion with the lateralization of
the centre of rotation of the prosthesis. Inferior placement of the glenosphere and a
varus humeral neck shaft were also shown to reduce the adduction deficit and

impingement and thus improving range of motion(5,16,17).

The subscapularis is an active internal rotator of the humeral head(15,16,18) and its
tendon is released during the deltopectoral approach (tenotomy or

osteotomy)(8,15,16).

In the literature, systematic reviews have approached this subject focusing on different
clinical outcomes, such as dislocation rates(19) or functional scores(19,20).
Notwithstanding, there is still limited evidence regarding the effect of subscapularis
management during reverse shoulder arthroplasty (repair or no-repair) in shoulder

range of motion — specifically internal rotation.
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The objective of this study is to perform a bibliographic review of studies comparing the
repair of the subscapularis with the non-repair in reverse shoulder arthroplasty focusing

on outcomes related to range of motion and stability.

METHODS

A literature search was performed in PUBMED using the QUERY “Reverse Shoulder
arthroplasty” AND “subscapularis repair”, limited to January 1st, 2015 until January
16th, 2021. 140 articles were found, and a full-text reading was performed. Articles that
fulfilled the following inclusion criteria were selected: adult patients submitted to
reverse shoulder arthroplasty and comparison of subscapularis repair or non-repair and
reporting range of motion as an outcome (active forward elevation, external rotation,
internal rotation, abduction). After the application of the inclusion and exclusion criteria
and reading of the articles, 26 articles were considered relevant to which reference will
be made in the following paragraphs, throughout this review Joint stability was also

analysed in this literature review.

SUBSCAPULARIS MUSCLE AND TENDON

The subscapularis muscle has important actions in the shoulder. First, it provides
internal rotation(4,5,18,19,21) but it is also very important in abduction, adduction,
extension, and flexion of the shoulder(4,5,18,21,22). It provides different actions
according to the activated portion: the upper two thirds on the tendon — the tendinous
portion — are responsible for internal rotation and abduction(18,22). This portion is
innervated by the superior subscapular nerve, derived from the brachial plexus
8(receiving fibres from the fifth cervical nerve, C5)(18,21). When the lower third
contracts — the muscular portion — adduction occurs(18,22). The lower portion is
innervated by the inferior subscapular nerve, also derived from the brachial plexus

(receiving fibres from the sixth cervical nerve, C6)(18,21). The stability of the

Miguel Leonardo Costa dos Santos
Lcosta_santos@hotmail.com



glenohumeral joint depends also on the subscapularis tendon forces, together with the

posterior rotator forces(22).

“TO REPAIR OR NOT TO REPAIR? THAT IS THE QUESTION!”

Subscapularis tendon management is a source of controversy in reverse shoulder
arthroplasty. Some authors suggested that the repair of the subscapularis may improve
reverse shoulder arthroplasty stability(15,16), and range-of-motion(15,16) while
decreasing joint dead space(15). Nevertheless, other studies did not find significant
differences in these outcomes when the subscapularis was not repaired(22) and some
authors even suggest that subscapularis repair may create a biomechanically
unfavourable condition due to the change in the joint centre of rotation after reverse
shoulder arthroplasty(15). Subscapularis repair has also been associated with limited

external rotation and impairment in daily living activities(15).

EFFECT ON RANGE OF MOTION

Subscapularis repair can be important for some authors, and they suggest that it should
be performed because of is its role in shoulder internal rotation, one of the main
movements in many activities of daily living, such as tucking in a shirt in the back of the
pants or clothing attach on the back(20). A successful subscapularis tendon repair can
enhance a better range of motion and strength on internal rotation(12,23,24). For these
authors, a routine repair of the tendon is advised in every case of reverse shoulder
arthroplasty(25) and may be performed by transosseous(26,27) or end-to-end

repair(27).

On the other hand, repairing the subscapularis may antagonize deltoid and posterior
cuff, limiting elevation and external rotation, increasing surgery time, and more post-

surgery protection is required(23,25). It may also contribute to coracoid
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impingement(23,25). Besides that, there is no well documented evidence of better
outcomes or healing rates(23,25). Subscapularis repair was also associated with a higher

rate of reoperations (52,9% vs 0%, with a P val. =0,01)(4).

Vourazeris et al(15) have studied the outcomes in patients submitted or not to
subscapularis repair(15). In this study, with 202 patients, no statistically significant
differences in the outcome scores were found (Shoulder Pain and Disability Index
(SPADI) Score(28), American Shoulder and Elbow Surgeons Shoulder (ASES) Score(28)
and University of California — Los Angeles (UCLA) Shoulder Rating Score(29))(15). They
also did not find any advantages regarding range of motion or strength whether the
subscapularis was repaired or not(15). After these results they have concluded that
repairing the subscapularis had no effect in any of the measured range of motion
outcomes, (active external rotation, passive external rotation, active forward elevation,
active internal rotation, active abduction, external rotation)(15). In lateral designs,
repair might not be necessary because the lateralization of the centre of rotation
increases the subscapularis tension, making it difficult for external rotation and

abduction.(15).

Friedman et al(24), in their comparative study of subscapularis repairing or not, have
shown that the subscapularis repaired cohort was associated with better outcome
scores according to Simple Shoulder Test (SST)(28,30) and Constant Murley
scores(31,32), and was significantly more effective at improving active internal and
external rotation(24), but less active abduction score and passive external rotation
score(24). These results show that positive outcomes, regarding both range of motion
and outcome scores, are achievable both with and without subscapularis repair(24).
These results are more associated with the lateralization of the centre of rotation of the
prostheses, and Friedman et al showed that good outcomes are achieved with or
without subscapularis repair, with a lateralized prosthesis(24). So, these authors report
no differences between repairing or not, but better outcomes with a lateralized

prosthesis instead of a medialized Grammont style prosthesis(24).
Rol et al(12) have also concluded that the subscapularis repair was not associated with
better internal rotation outcomes(12). They associated limited internal rotation to the
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impingement related to the reduced space around the glenosphere, to allow a normal

rotation around the humerus(12).

Franceschetti et al(22) have developed a field study in Italy comparing the repair and
non-repair of subscapularis(22). They achieved similar results as Vourazeris(15) and
Friedman(24), regarding Constant Murley(31,32) and Visual Analogue Scale (VAS) scores
(no differences between groups), but they have demonstrated that the abduction value
was higher in the non-repairing group and the internal rotation value was significantly
higher in the repairing group(22). Regarding external rotation, the non-repairing group
have achieved higher values, but the difference was not statistically and functionally
significant(22). No differences were found regarding forward flexion(22). They have also
considered the hypothesis of a higher value of post-operative pain in the repairing

group, due to tendon scarring and increased tension on the sutured tendon(22).

Werner et al(16) have demonstrated that the isolated repair of the subscapularis had no
significant effect on American Shoulder and Elbow Surgeons Shoulder (ASES) score(28)
in reverse shoulder arthroplasty(16). On the other hand, when combined with the
glenosphere lateralization (instead of medialization, in the Grammont-style prostheses)
resulted in a less improved American Shoulder and Elbow Surgeons Shoulder (ASES)(28)

score, when comparing with non-repairing group or medialization group(16).

In the systematic review conducted by Malahias et al(33), regarding range of motion,
three out of four studies (of which two were also analysed in this review(8,15)), reported
that there were no significant differences between repair or not repair. Regarding
internal rotation, one of the studies(24) demonstrated a significantly higher
improvement in the repair group, but the other ones found no significant
differences(33). Additionally, no differences were found regarding external rotation(33).
Although subscapularis repair was proven safe and effective for the augmentation of
reverse total shoulder arthroplasty(33), it did not offer any additional clinical or
functional benefit in range of motion and joint strength of patients treated with
lateralized reverse total shoulder arthroplasty(33). Therefore, it may not be routinely

performed in patients who have a preoperatively sufficient subscapularis tendon(33).
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In another systematic review with metanalysis developed by Matthewson et al (19), of
seven studies, (three of them explored in this review(15,16,24)), it has been
demonstrated that even though there is some weak evidence of some advantages in
subscapularis repair, the functional outcomes are similar both in subscapularis repairing
or not, in reverse shoulder arthroplasty(19). One of the studies have demonstrated
better score in Constant Murley evaluation(31,32), improved internal and external
rotation on the subscapularis repair group, which was supported by another study
analysed in this review(24). Yet, in this study(24), there were only used lateralized centre

of rotation prostheses.

EFFECT ON JOINT STABILITY

In the medialized centre of rotation prostheses, “Grammont-style”, the centre of
rotation is moved to the glenoid face, reducing the load on the baseplate-glenoid
interface, and increasing the moment arm of the deltoid(15). This improves active
elevation(15) with better outcomes on de daily living activities(15). However, dislocation
rates are a concern, so Vourazeris et al, in their study(15) investigated whether the
subscapularis repair can be beneficial to increase the joint stability(15). Nevertheless,
they did not find statistically relevant differences between subscapularis repairing or not
concerning joint stability and dislocations rates(15). Vourazeris et al(15) advised that
subscapularis repair should be effective in medial humeral-medial glenosphere designs
(Grammont style). However, in lateral humeral or glenosphere designs, the

subscapularis repair is exempt and can be left up to the surgeon(15).

In the study developed by Friedman et al(24), no difference was noted in the
complication rates, scapular notching rates, or scapular notching grades between
patients with subscapularis repair and those without repair(24). They have also
concluded that a lateralized centre of rotation prostheses is associated with decreased
deltoid wrapping and more tension on rotator cuff, contributing for better stability(24).

In their study, there were no differences between both subscapularis repair and not
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repair groups, but they advised that those results may not be the same in medial centre

of rotation prostheses “Grammont-style”(24).

Another study developed last year by Oh(34) et all came across the identical results of
those developed by Friedman(24) and Vourazeris(15). These authors concluded that the
subscapularis repair is not influential in the joint stability, in cases of a lateralized
shoulder arthroplasty(34). Lateralizing the centre of rotation extends the moment arms
of both external and internal rotation, when compared with a medialized centre of
rotation(34), restoring the conjugate force between the subscapularis and infraspinous
muscle, regardless the reparation or not of subscapularis tendon(34). Beyond that,
lateralization of centre of rotation decreases deltoid wrapping and gives more tension
to the rotator cuff, increasing the joint stability(34). This way, joint stability can increase
with the lateralization of the centre of rotation, but is independent of the subscapularis
repair(34). It should be noted that these authors carried out a study only with prostheses

with lateralized centre of rotation, varying only the lateralization degree(34).

Regarding joint stability, Franceschetti et al(22) did not find any significant differences
between repair or not repair the subscapularis tendon. However, they can claim that
the prosthesis model used in their study, with the lateralized centre of rotation can offer
better stability outcomes than the traditional Grammont design, as it would increases
the rotator cuff tendon tension, promoting better stability(22). Therefore, in the
Grammont design, as there is less deltoid tension and greater risk of impingement,
subscapularis repair can be advised to stabilize the prosthesis, preventing the

dislocation(22).

When comparing dislocation and/or instability rates, Werner et al(16) could not find any
differences between groups(16). They concluded, then, that subscapularis repair is
beneficial when conjugated with glenosphere lateralization, otherwise they found no
advantages in individualized subscapularis repair in medial glenosphere prostheses(16).
In lateralized glenosphere prostheses, they have demonstrated that the repair of
subscapularis can translate to substantially less clinical improvement(16). They have also
concluded that, for these types of prostheses, the subscapularis repair does not improve

stability. In fact this combination may be prejudicial to shoulder function(16).
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In a systematic review of comparative trials, developed by Malahias et al(33), using five
studies, of which four of them were also analysed in this literature review(8,15,16,24),
these authors concluded that the subscapularis repair did not offer any clinical or
functional advantages in lateralized reverse total shoulder arthroplasty, even though
this procedure was suggested by some authors to improve the joint stability and
decrease post-operative dislocations(33). Thereby, these authors do not support the
subscapularis repair as routine use for patients under reverse shoulder arthroplasty with
a preoperatively sufficient subscapularis tendon, because it does not decrease the

dislocations rate(33).

In their systematic review, Matthewson et al(19) suggested that subscapularis repair
significantly reduces the risk of dislocation in cases of medialized prostheses(19). In
lateralized prostheses, there were no difference between groups regarding stability(19).
This kind of prostheses appear to be protective against dislocation, when compared with
medialized prostheses(19). However, the benefits of a lateralized centre of rotation
should still be weighed against the potential increased risk of component loosening and

revision surgery secondary to increased joint reaction forces(19).

Cheung et al(35), in their study, have identified lack of subscapularis repair as an
independent factor of instability after reverse total shoulder arthroplasty(35). They have
demonstrated that a successful subscapularis repair would decrease the probability of
prosthesis dislocation(35). Therefore, they supported the repair of subscapularis
tendon, whenever possible, to improve the prosthetic stability(35). Nevertheless, they
have used medialized centre of rotation prostheses in their study, which may limit the

extrapolation of their results to other prosthetic designs.

This bibliographic review has several limitations. This study is subject to selection bias,
due to the non-systematic methodology that may have not identified all the relevant
bibliography. The information retrieved from the included studies may have also been
biased by the non-systematic data analysis. Nevertheless, an extensive review of the
queried articles was performed to minimize these biases. The heterogeneity of the
articles is also an important factor, regarding the groups of patients in each study, the

types of prostheses used, and the outcomes reported. In this study, it was not possible
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to compare data statistically because it is not a meta-analysis resulting from a systematic
review. Another limitation of this review is that it was carried out based mostly on
retrospective comparative studies. There is still not enough detail to be able to

concretely analyse the intended outcomes (range of motion and joint stability).
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CONCLUSION

Through the consulted and analysed bibliography, we can conclude that many authors
did not find significant evidence of the superiority of subscapularis repair in reverse
shoulder arthroplasty, both in terms of joint stability, functional level, and range of

motion.

Although it was not the main aim of this study, through this review it was also possible
to suggest that the repair of the subscapular tendon is more effective when used
concomitantly with the use of prostheses with medial rotation centre, “Grammont-
style”. With the lateralized rotation centre, some authors do not see benefit in repairing
the subscapular tendon, and there are even some authors that advise against the

reparation in this type of prostheses.

However, there is still insufficient data to conclude which cases can benefit from simple

subscapularis tenotomy and the ones that should be repaired.
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If you are submitting an unsolicited manuscript, please read the manuscript guidelines
carefully to check that your paper meets the criteria for submission, then click the
‘Create Account' link and follow the on-screen instructions.

Manuscript guidelines

Articles are accepted for exclusive publication in EFORT Open Reviews and must not be
previously published or under consideration elsewhere.

Review Articles

Review Articles should summarise the current state of understanding on a topic within
the fields of orthopaedics and traumatology.

The journal’s focus is on instructional review articles, which discuss and synthesize the
key, recent, peer-reviewed literature on the topic. The aim is that readers may quickly
gain an overview of current knowledge and practice in the field. Review articles should
display sufficient originality in their analysis of the field and recommendations for
practice, and should not merely repeat or paraphrase existing literature — all submitted
articles are screened for similarity to published works, including the author’s own
previous publications. Your expert assessment of the most relevant literature may also
cover current debates and advise on future directions. lllustrative figures, including
annotated radiographs, images and diagrams should be included to aid understanding.

Systematic Reviews

In addition to instructional review articles, EOR publishes systematic reviews, which are
more extensive analyses that critically assess all published studies on a topic, according
to clearly defined search criteria.

Systematic Reviews must meet the requirements of the PRISMA guidelines for
systematic reviews and meta-analyses. Authors are required to complete the PRISMA
checklist and submit this with their manuscript. You can find the checklist here. Authors
should include a statement such as below in the abstract and the 'Materials & Methods'
section of their manuscript:

‘The review process was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.’

Although not an obligatory requirement, the journal encourages registration of
Systematic Reviews with PROSPERO (International Prospective Register of Systematic
Reviews). If registered, authors should include the registration number in the abstract
and the 'Materials & Methods' section of their manuscript.
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The abstract should be structured into Purpose, Methods, Results and Conclusions and
be limited to a maximum of 250 words.

File type

The article text should be supplied as a Word DOC or RTF. Please use continuous line
numbering in your main document file (in Word 2010, go to Page Layout>Line
Numbers>Continuous). See additional guidelines on figure and table files below.

Word count

Review articles should be as concise as possible - we recommend a maximum word
count of 4000 words.

Authorship

Each paper should have a maximum of 6 authors, and each author must have
contributed substantially to the review. The corresponding author provides final
approval for publication. Each author is required to complete an ICMJE conflict of
interest form prior to publication.

Cover letter
You are required to submit a cover letter with your manuscript.
Key points to include:

e Editor's name (you can find this on the Editorial Board page)
e Your manuscript's title
e Statement that your paper in part or in whole has not been previously published
and is not currently under consideration by another journal
e Brief description of the research you are reporting in your paper, why it is
important, and why you think the readers of EFORT Open Reviews would be
interested in it
e Your contact information
e Conflict of interest statement
If you need further help to write your cover letter, you can download and use our sample
cover letter template here. This will download a Word document.
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Title page

To ensure anonymity in peer review, the title page should be supplied separately from
the body of the article, which should not contain any identifying information. The title
page should contain the full title of the manuscript, author name(s) and affiliation(s),
and the name, postal and email addresses of the corresponding author.

Abstract and keywords

For narrative, instructional Review Articles, the abstract should summarise the content
and main conclusions of the article into 3—6 bullet points, and should be limited to a
maximum of 250 words.

For Systematic Reviews, the abstract should be structured into Purpose, Methods,
Results and Conclusions and be limited to a maximum of 250 words. Keywords should
be supplied for every article, based upon 3-8 key terms that might be used when
searching for the article online.

Figures and tables

Each review article should include a small number of figures or images toillustrate points
(techniques, materials, procedures and so on) that are discussed in the text, in order to
aid readers' understanding. For any figures that are reproduced from previously
published material (including websites), permission must be requested from the
copyright holder, and confirmation of permission must be provided to the EOR Editorial
Office. It is the author's responsibility to request permission to reproduce figures.

Figures should be submitted as separate files, and should not be embedded in the Word
doc. Tables should be embedded in the Word doc. All figures and tables must be clearly
cited in the text, and figure legends should be listed at the bottom of the main text file.

Each figure should have a figure legend, and figures should be numbered consecutively.

Each table should have a short, descriptive heading, and tables should be numbered
consecutively. Tables should be supplied using proper table formatting with columns
and rows.

As far as possible, figures should be provided as original source files, and should not be
embedded within another document. Images may be supplied as JPEG or TIFF files at
300dpi or higher; line art may be supplied as EPS files at 800 dpi or higher.
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Conclusions

Articles should usually finish with a Conclusions section. This should be more than simply
a repetition of the body text, and should provide clear recommendations based on the
literature and the authors' experience (as appropriate). Bullet points may be used for
succinct expression of recommendations. This section may also briefly discuss the need
for ongoing study and future directions.
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in full by the authors, and should only cite published work. All references must be cited
within the body of the article. The majority of references should refer to peer-reviewed
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Vancouver system, whereby references are numbered according to the order of citation
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We recommend The Charlesworth Group, who provide academic editing services to help
authors refine their language and clarify information in their texts, cover letters, and
other materials needed to communicate clearly. If you would like to use this service
please follow this link.

Audio, video and multimedia material

Audio and video clips and other complementary multimedia material are very much
encouraged. Multimedia material should be of the highest possible quality. For further
guidelines or advice on inclusion of multimedia material, please contact the Managing
Editor.
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