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Abstract The reverse shoulder arthroplasty emerged as a
potential solution for those patients who could not be
managed effectively with a conventional total shoulder
arthroplasty. Grammont revolutionized the design by medial-
izing and distalizing the center of rotation and utilizing a large
convex glenoid surface and concave humeral component with
a neck-shaft angle of 155°. This design has been highly
successful in cuff deficient shoulders, and indications continue
to broaden. Many mid-term studies have improved upon the
early encouraging results. Long-term studies are starting to
emerge, demonstrating good survivorship, but progressive
functional and radiographic deterioration continue to be
concerning. Careful patient selection and attention to appro-
priate technique are required to reduce the current high rate of
complications. New prosthesis designs are continuing to
develop to address some of these limitations.
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Introduction

Historically, shoulder surgery has aimed to restore or replicate
the anatomy of the glenohumeral joint and the rotator cuff.
The conventional total shoulder arthroplasty (TSA)
achieves this goal and for many patients significantly
improves function and reduces pain. The prosthesis is
unconstrained and therefore relies on a well functioning
rotator cuff to restore shoulder function. Attempts to
achieve this goal in patients with large or massive cuff
tears have achieved only limited success [1, 2]. This
encouraged investigation into alternate prostheses to address
cuff deficient shoulders.

The shoulder relies on intrinsic (rotator cuff) and extrinsic
(deltoid being most critical) musculature for normal function-
ing. With large cuff tears, the normal force couple associated
with forward elevation or attempted abduction is disrupted
[3]. This results in unopposed deltoid contraction and a
resultant force vector which superiorly displaces the humeral
head toward the acromion and coracoacromial arch, and in
some cases causes a “pseudoparalytic” shoulder. Over time
with a massive tear, this action can produce permanent
proximal migration of the humeral head with painful
acromial erosion and/or glenohumeral arthritis.

Results of conventional total shoulder arthroplasty in this
setting have been unsatisfactory due to eccentric glenoid
loading and early failure. This mechanism of failure was
described by Franklin et al. [4] who reported 50% glenoid
loosening secondary to a “rocking horse” phenomenon. To
avoid early glenoid loosening, hemiarthroplasty was con-
sidered the most appropriate prosthesis for rotator cuff tear
arthropathy. Pain scores were generally improved, however
concerns continued regarding the limited functional
improvements in some patients and progressive glenoid
erosion [5, 6].
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Constrained prostheses were developed to better control
the proximal migration in cuff deficient shoulders [7, 8].
These early designs allowed the humeral head to articulate
within a constrained concave glenoid socket component.
Despite some encouraging results, these prostheses had very
high complication rates especially from component loosen-
ing secondary to interface stresses inherent to the constrained
design [9]. Most of the early designs were abandoned. Semi-
constrained designs with a glenoid hood to limit proximal
migration suffered a similar fate.

As alternate designs were sought, the positions of the
traditional “ball and socket™ articulations were swapped and
the concept of the reverse shoulder arthroplasty (RSA)
evolved. Early designs, such as the Kessel [10] and Fenlin
[11] prostheses, relied on preserving the centre of rotation
lateral to the glenoid articulation. Unfortunately this
resulted in similar problems with early glenoid loosening
and failure due to glenoid component interface stresses
[12].

In 1987, Professor Paul Grammont introduced a new
reverse prosthesis with an improved biomechanical design
[13]. The principles of his design were inherent prosthetic
stability, convexity of the (weightbearing) glenoid component,
glenosphere center at or within the glenoid neck, and a
medialized and distalized center of rotation.

Stability

With rotator cuff insufficiency, the RSA design must
prevent humeral proximal migration despite a proximally
directed resultant joint force vector created by a dominant
deltoid contraction. Conventional TSA has a shallow
glenoid component which cannot resist proximal migra-
tion and dislocation if the force vector is greater than 30°
from the centerline [14, 15]. The RSA reduces this risk by
a semi-constrained design, with congruent articulating
surfaces achieving concentric motion. A large deep
humeral concave component with a non-anatomic neck-
shaft angle of 155° further aids stability. Consequently, the
resultant force vector can subtend an angle of at least 45°
from the centerline without risk of dislocation [14, 15]. It
should also be noted that the intrinsic stability of the
prosthesis is not necessarily improved with larger pros-
theses. It relies on an increase in the ratio between the
depth and diameter of the concave humeral component
[16], amongst other factors.

Center of rotation at the scapular neck
Grammont’s design was different to previous RSA designs
in it eliminated the glenosphere neck and subsequently

medialized the centre of rotation to at or medial to the
prosthesis-bone interface. The consequence was to reduce

@ Springer

the shear forces and increase compressive forces across this
interface, solving the early design problem of early
loosening of the glenoid component. The inevitable
consequence of eliminating the neck was that humeral
adduction caused inferior impingement, thought to
contribute to inferior scapular notching [17]. The clinical
significance and long term impact of this phenomenon are
still not clear.

Medialization and distalization of the centre of rotation

The location of the center of rotation(COR) affects range of
motion until impingement, deltoid tension, the lever arm of
the deltoid as well as the torque at the baseplate-bone
interface [18]. In a modern RSA with inferior baseplate
positioning and the COR shifted from the humeral head
center to glenosphere center, the lever arm length is
approximately doubled, and as a consequence the efficacy
of the deltoid for abduction is approximately doubled [15].
Furthermore, as a consequence of COR medialization, more
anterior and posterior deltoid fibers can be recruited to
improve abduction strength. The other consequence of
doubling the deltoid lever arm length is that the same deltoid
excursion produces a lesser arc of motion. Thus strength is
reduced after approximately 90° of abduction [15].

Indications

Indications for RSA have continued to evolve since the
Grammont RSA was developed more than 20 years ago.
Essential mechanical criteria for a successful RSA include
having a functional deltoid and being able to achieve stable
glenoid baseplate fixation. Initially, cuff tear arthropathy,
massive cuff tear with arthritis and massive irreparable cuff
tear were considered appropriate indications. The senior
author (GW) has gradually changed his practice toward an
increased use of the reverse prosthesis (Fig. 1). This was
motivated by the poor results observed in some indications
with unconstrained shoulder arthroplasties. By auditing
outcomes at our institution, we demonstrated that the results
of unconstrained prostheses were not satisfactory for certain
indications. These included: (1) any kind of degenerative or
inflammatory joint disease with cuff deficiency, (2) static
humeral instabilities with associated glenohumeral arthritis,
(3) primary or secondary arthritis with large or massive cuff
tears or superior glenohumeral subluxation, (4) cuff tear
arthropathy, (5) rheumatoid arthritis and (6) fracture
sequelae or post-traumatic arthritis in cases of nonunion
or severe malunion of the greater tuberosity.

This encouraged us to broaden our indications (Table 1). We
now consider RSA in primary glenohumeral arthritis in three
specific circumstances, depending on the age and motivation
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Fig. 1 Relative use of total and reverse shoulder arthroplasty at Centre
Orthopédique Santy, Lyon, France from 1995 to 2005

of the patient. These include: (1) static posterior subluxation
with bi-concave glenoid (we have observed failures of
unconstrained prostheses performed concomitantly with gle-
noid reconstruction), (2) fatty infiltration of infraspinatus and/
or subscapularis greater than Goutallier stage two, and (3)
associated cuff tear involving at least two tendons. We have
also changed to the reverse prosthesis in fracture sequelae
cases if the patient is older than 70 years. For the same
reasons, three or four-part fractures in elderly patients with
poor bone quality and very thin greater tuberosities were
progressively more commonly treated with a reverse prosthe-
sis. Similarly, patients with tumors necessitating tuberosity
resection achieve better function with a RSA. These some-
times younger patients are warned that the prosthesis is only
designed for a return to gentle activities of daily living, with
no sports or strenuous activities allowed.

RSA has also become our first option for revision of
shoulder arthroplasty with cuff deficiency. In cases of
revision TSA, when a glenoid reconstruction with bone
graft is necessary (even if the cuff is still present), in our
experience the RSA is a good solution. The metallic
uncemented base plate allows a safer and better reconstruc-
tion than a cemented polyethylene component, with the
base plate acting as a compression plate to stabilize the
graft. The bone graft is under compressive load as opposed
to shear forces in unconstrained prostheses, thereby
enhancing graft healing.

Results

Grammont’s reverse shoulder prosthesis, initially implanted
for cuff tear arthropathy, has been shown to give good short
to medium term results [19], reliably restoring overhead
function and relieving pain [17, 20-22]. Significant
functional improvements have been demonstrated in large
cohorts. Wall et al. [23] investigated 240 RSAs at mean
40 months post operatively and demonstrated mean
elevation of 137°, a Constant score improvement from

22.8 to 59.7 post operatively and a satisfaction rate over
93%. The improvements in active rotation are more limited,
which are closely related to remaining cuff function,
especially teres minor [24]. RSA combined with latissimus
dorsi and teres major tendon transfer has been developed to
improve external rotation and spatial control in patients
with no functional teres minor and infraspinatus [25]. Early
results are promising [26].

Massive cuff tear and cuff tear arthropathy

Several studies [23, 27] have demonstrated that cuff tear
arthropathy and massive cuff tear are the most reliable
indications for RSA. In the largest long term study, Favard
et al. [28¢] retrospectively reviewed 527 arthroplasties in
506 patients performed between 1985 and 2003. Survivor-
ship free of revision was 89% at 10 years, with survivorship
to a Constant score less than 30 of 72% at 10 years.
Functional results started to decline after 8 years, which is
similar to the findings in Guery’s study [29], which
demonstrated deteriorating function and increasing pain
after 6 years. Causes for this deterioration appear to be
more complex than simply age related deltoid weakening. It
may be related to minimal amounts of loosening which is
not yet visible on radiographs [29], or posterior extension
of the cuff tear to involve teres minor with loss of active
external rotation in abduction. Further study is required to
clarify the cause of this reduction in function at long-term
follow-up. Based on these findings, RSA is still usually
reserved for patients over the age of 70 years.

Table 1 Summary of indications for reverse shoulder arthroplasty

Cuff arthropathy

Massive irreparable cuff tear

Primary osteoarthritis (OA) with:

* an irreparable cuff tear greater than an isolated supraspinatus tear
« static posterior subluxation and biconcave glenoid (controversial)

« fatty infiltration of infraspinatus or subscapularis of Goutallier stage
2 or greater (controversial)

Sequelae of fracture

Displaced three or four part neck of humerus fractures
in patients >75 years

Revision arthroplasty:

* Failed hemiarthroplasty or total shoulder arthroplasty
with cuff deficiency

* In some cases to allow more reliable glenoid reconstruction
with bone grafting

Tumors
Rheumatoid Arthritis
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Rheumatoid arthritis

The results of unconstrained implants in patients with
rheumatoid arthritis have been disappointing, largely
secondary to rotator cuff dysfunction and proximal humeral
migration. One long-term study demonstrated 100% prox-
imal migration irrespective of cuff status at time of surgery
[30]. We have previously advised against the use of RSA in
rheumatoid arthritis due to concerns regarding infection and
glenoid failure [29]. There is increasing evidence demon-
strating good short and medium term outcomes [31-35]. In
our series of 18 cases with minimum 2 year and average
3.8 year follow-up, Constant scores increased from 23 to
65, and 94% of cases were very satisfied or satisfied with
the outcome of their surgery [31]. The major complication
observed was an increased risk of intra and post-operative
fracture (22%), involving the acromion, scapula spine,
coracoid or greater tuberosity. We did not observe any
infection or instability in our series, however, other studies
have demonstrated a higher infection rate. One study [32]
noted there was no negative correlation between disease
severity and outcome. Inserting a smaller cemented stem is
recommended to allow accurate positioning of the meta-
physeal component without risking humeral fracture. We
believe RSA is ideally suited to this population regardless
of cuff integrity and can be performed safely, but still advise
caution as the longer term results are unknown.

Acute proximal humerus fractures

Complex three and four part neck of humerus fractures
frequently occur in elderly patients with poor quality bone
and multiple underlying comorbidites. Hemiarthroplasty
has commonly been recommended in the acute setting
[36, 37]. Unfortunately, greater and lesser tuberosity
complications can result in an unsatisfactory functional
outcome [38, 39]. Despite anatomic positioning, bone
grafting and comprehensive fixation, tuberosity resorption
or displacement often occurs with consequent poor out-
comes. Reverse shoulder arthroplasty may offer a more
predictable result, without relying on tuberosity healing.
Less intensive rehabilitation protocols allow earlier motion
and return to function [40].

Multiple recent studies have considered the outcomes of
RSA for acute proximal humeral fracture. Bufquin et al.
[41] demonstrated satisfactory mobility and functional
improvement in 43 consecutive patients with mean
follow-up of 22 months, despite tuberosity migration in
19 (53%). Cazeneuve et al. [42] evaluated 36 patients with
fractures with a mean follow-up of 6.6 years, expressing
concern that Constant scores began declining over time. In
the French Multicenter study [43], 15 cases from 457 were
identified as indicated for fracture. The results of 11 at
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mean 46 months were compared with 139 hemiarthroplas-
ties performed for fracture by the same authors. Mean
elevation and Constant score differences were not statisti-
cally different, but the RSA group achieved a more
consistent outcome. 50% of the hemiarthroplasty group
did not achieve 90 degress elevation, compared with only 1
case (9%) in the RSA group. One RSA patient suffered a
dislocation requiring revision.

In summary, the RSA in acute fractures has been shown to
produce acceptable outcomes, which are comparable to
hemiarthroplasty. Functional outcomes appear less dependent
on tuberosity healing. In elderly patients with a predictably
high tuberosity complication rate with hemiarthroplasty, RSA
is likely to achieve a more reliable result, but longer-term
follow-up studies are required.

Revision and fracture sequelae

RSA performed for revision of a failed shoulder arthro-
plasty or sequelac of a proximal humeral fracture is a
technically challenging procedure, with few long term
studies published. Wall et al. [23] investigated 28 patients
with posttraumatic arthritis and 45 revision arthroplasties
with 42 and 40 months follow-up respectively. Constant
scores improved from 19.7 to 53 and 19.7 to 52.2, and
elevation ranges were 115° and 118° respectively. These
outcomes were significantly worse than the other groups
studied, but represent a large functional gain, with 89% stating
they were very satisfied or satisfied with the outcome. Failed
hemiarthoplasties had similar improvements but lower base-
line values when compared with failed TSAs. Complications
of revision surgery (36.7%) were also significantly higher
compared with primary surgery (13.3%). Boileau et al. [27]
presented similar functional and subjective results, and a
42% revision rate for the revision group. Despite these rates,
we believe that the complex nature of these patients justify
the continued use of RSA.

Complications

Zumstein et al. [44¢] reviewed the complication rates from
21 cohort studies with follow-up greater than 24 months.
There were 188 complications in 782 cases (24%). The most
common was instability (4.7%), followed by infection (3.8%).
The rate of notching was 35%, but in this study, was
considered a postoperative problem rather than a complication.

Notching
Notching of the scapular neck is a radiological finding related

to abutment of the medial edge of the humeral component of a
RSA. Nyffeler et al. [45] suggested polyethylene debris and



Curr Rev Musculoskelet Med (2011) 4:183-190

187

osteolysis may play a role in its development. Notching rates
vary widely in the available literature, from 0% to 96% [15,
17, 44, 46-48]. Nevertheless, causal factors and clinical
significance remain controversial.

Multiple large studies have investigated these issues. In an
early cohort, Sirveaux et al. [17] suggested notching may be
related to glenoid loosening and Simovitch et al. [48] reported
that scapular notching was associated with a poorer clinical
outcome. In contrast, Levigne et al. [46]noted that notching
did not correlate with clinical outcome, but is more common
in superior tilted and high positioned baseplates. In his long
term study [28¢], Favard et al. observed progressive radio-
graphic changes and more frequent large notches with long-
term follow-up, but no correlation with the Constant score.

In attempting to reduce notching, Nyffeler et al. [49]
investigated the biomechanical relevance of baseplate posi-
tioning, concluding that placing the glenosphere distally
significantly improved adduction and abduction range.
Gutierrez et al. [50] simulated various design options,
concluding that the most effective methods of avoiding
adduction impingement was provided by a humeral neck-
shaft angle of 130°, followed by inferior glenosphere
position, a 10 mm lateral offset center of rotation, inferior
tilt of the glenosphere and a 42 mm diameter glenosphere.
Valenti et al. [47] recently published the results of 76 patients
implanted with a new prosthesis with a center of rotation
8.5 mm lateralized, and a humeral neck cut of 135° built up
to 155° with polyethylene. No notching and no glenoid
loosening was reported at mean follow-up 44 months.

Another method of lateralizing the center of rotation is by
use of bone autograft from the humeral head, the bony

Fig. 2 Postoperative x-ray of a 78 year old man who underwent a bony
increased offset (BIO)-RSA for cuff tear arthropathy with subscapularis
insufficiency

increase-offset or BIO-RSA [51]. This design has the benefit
of lateralizing the prosthesis but maintaining the center of
rotation within bone. At minimum 2 years, all grafts had
healed, significant improvements in shoulder mobility were
noted, and notching was observed in 9 of 42 cases. We also
recommend BIO-RSA in cases with subscapularis insuffi-
ciency to improve prosthesis stability (Fig. 2).

Infection

Infection is one of the most devastating complications of
shoulder arthroplasty. The predisposing factors in RSA
include a large subacromial potential space and a large
prosthesis surface area. RSA infection rates range from 1%
to 15% in published series [23, 44, 52], with Zumstein’s
systematic review reporting a deep infection rate of 3.8%.
As expected, this was increased in the revision group (5.8%
vs 2.9%). The common pathogens implicated are similar for
both RSA and TSA, and include Propionibacterium acnes
(P acnes), coagulase-negative Staphylococcus and
Staphylococcus aureus [53]. P acnes, a gram-positive
anaerobe, is thought to be a common organism in shoulder
infection as it colonizes axillary sebaceous glands. Previ-
ously considered a contaminant, it is implicated as the
pathogen in up to 75% of shoulder revision arthroplasty
infections [54]. Diagnosis may be delayed as clinical signs
are often subtle, inflammatory markers are often normal
and cultures may not be positive for 2 weeks [55]. To
improve diagnostic yield, aerobic and anaerobic cultures
should be performed and incubation period prolonged
(minimum 10 days) [55]. Management of an infected
RSA is problematic due to patient age, previous surgery
and the patient may not be medically suitable for further
revision surgery. Therefore, often these patients end up with
life-long suppressive antibiotics or resection arthroplasty.

Instability

Instability is a common and devastating complication of the
RSA, with dislocation rates reported between 0 and 30%
[17,22-24, 52, 56—61]. Zumstein’s recent systematic review
[44+] of 782 RSAs revealed instability as the most common
postoperative complication, with a mean incidence of 4.7%.
Of those whose indication was revision of previous TSA or
hemiarthroplasty, incidence was significantly higher at 9.8%.
There are many proposed causes, but there is a lack of
knowledge regarding the significance of each. These include
number and nature of prior procedures, surgical approach,
bone deficiency, subscapularis insufficiency, mechanical
factors (deltoid tension, impingement) and uncommonly
trauma [62].

The deltopectoral approach was used for 97.3% of all
dislocations in Zumstein’s review [44e], suggesting the
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superolateral approach has a much lower rate of instability.
Large anterior and inferior releases are required, including
the subscapularis tendon and the glenoid insertion of the
glenohumeral ligament. Edwards et al. [63] reviewed 138
RSAs performed via a deltopectoral approach. All seven
dislocations (5.1%) occurred in patients with an irreparable
subscapularis tendon, leading to the conclusion that an
attempt to repair the subscapularis should be made in every
case, even in the case of severe fatty infiltration, muscle
atrophy, and bone loss.

Shortening of the humerus and failure to restore
adequate tension of the deltoid contributes to instability in
the presence of insufficiency of the normal anterior-inferior
restraints. This is particularly important in cases of revision
and fracture sequelae utilizing a deltopectoral approach.
Guttierrez et al. [50] biomechanically validated this concern
by examining the stability of various in vitro articulations,
concluding that compressive force is the most significant
intrinsic stability factor, followed by socket depth; with
glenosphere size playing a much lesser role. Favre et al.
[62] used a mechanical testing machine to assess the effect
of component positioning in preventing anterior disloca-
tion. They proposed that the humeral component version is
the critical factor for intrinsic stability and that it should be
implanted in neutral or slight anteversion. They also
showed that the glenosphere version is much less signifi-
cant and instability increases if implanted in more than
10° of retroversion. The most appropriate humeral version
for function and stability continues to be debated. We have
found version not to be correlated with risk of dislocation,
however we routinely implant in 0° to 20° of retroversion.
In cases of significant humeral bone loss, we recommend
obtaining scaled contralateral radiographs to determine
appropriate prosthesis height and minimize risk of dislocation
[64].

Acromial insufficiency

Surprisingly good RSA results can be achieved despite
preoperative acquired or congenital acromial pathology.
Acromial insufficiency was identified in 41 (9%) of 457
RSAs implanted at five French centers between 1992 and
2003 [65]. 23 presented with an os acromiale, 17 had
fracture or fragmentation of the acromion and one had a
pseudarthrosis of the scapular spine. Despite deltoid induced
acromial tilt in most patients, postoperative range of motion,
Constant scores and subjective results were not diminished. In
contrast, postoperative spine fractures (4 patients or 0.8% in
this study), generally have poor results [65, 66]. They often
occur in the first year, and results of attempted internal
fixation have been unsatisfactory. We recommend early
conservative treatment with an abduction splint for
6 weeks.
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Conclusion

The RSA represents the most significant advance in shoulder
arthroplasty in recent decades. It results in excellent pain relief
and highly satisfactory functional improvements in patients
for whom conventional arthroplasty has previously yielded
less satisfactory outcomes. Indications continue to evolve and
the number of prostheses implanted globally is rapidly
expanding. Surgeons need to be aware not only of potential
benefits but also of complications and ongoing concerns
regarding the longevity of this prosthesis. As such, we
typically recommend not implanting RSAs in patients less
than 70 years old.

Disclosure No conflicts of interest relevant to this article were reported.
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