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Abstract Since its introduction in the USA in 2003,
reverse total shoulder arthroplasty (RTSA) has been
used with increasingly frequency as surgeons have ob-
served the remarkable improvement in pain, range of
motion, and function associated with this implant.
RTSA was initially used exclusively for elderly, low
demand individuals with end-stage rotator cuff tear ar-
thropathy. However, RTSA is now being increasingly
successfully employed for the management of irrepara-
ble rotator cuff tears, glenohumeral osteoarthritis with
an intact rotator cuff, acute proximal humerus fractures,
the sequelae of proximal humerus fractures, neoplasms
of the proximal humerus, inflammatory arthropathy,
young patients and failed anatomic total shoulder
arthroplasty and hemiarthroplasty. While long-term out-
comes are pending, short- and mid-term follow-up re-
sults suggest that in experienced hands, RTSA may be a
reasonable treatment for many previously difficult to
treat pathologies within the shoulder.
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humerus fracture . Revision shoulder arthroplasty .
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Introduction

While anatomic total shoulder arthroplasty (TSA) has predict-
ably good long-term results in glenohumeral osteoarthritis [1],
TSA fails rapidly in the presence of rotator cuff dysfunction
due to superior edge loading, the Brocking horse glenoid^
phenomenon, and accelerated glenoid loosening [2]. There
has thus always been interest in an alternative prosthesis that
can provide pain relief, range of motion, function, and longev-
ity in the absence of a functional rotator cuff. While several
reversed polarity shoulder prostheses were developed histori-
cally [3], none achieved predictably good outcomes until Paul
Grammont developed his design in 1985 [4]. Although widely
used in Europe subsequently, this style of reverse total shoul-
der arthroplasty (RTSA) implant was not approved by the
Food and Drug Administration until 2003 [4]. Since then, this
prosthetic design has achieved widespread usage and accep-
tance [5]. The principles of the design include a semi-
constrained, reverse polarity articulation with a medialized
center of rotation to reduce shear forces on the baseplate,
and distalization of the humerus to optimize deltoid lever
arm [4]. While subsequent designs have been slightly altered
[6], many of the overall principles remain constant. The re-
versed polarity and constrained design provide a stable ful-
crum to allow the deltoid to elevate the humerus in the absence
of the rotator cuff [7]. Thus, the RTSA can achieve excellent
pain relief and predictably restores active forward elevation
(AFE), even in pseudo-paralytic patients [7]. A recent study
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even demonstrated that 85 % of patients who undergo RTSA
are able to return to recreational athletic activities [8].

Initially, the RTSA was indicated for elderly, low-demand
patients with rotator cuff tear arthropathy and glenohumeral
arthritis with rotator cuff deficiency [6, 9–11]. However, as
surgeon experience with the prosthesis has grown, surgeons
have observed the predictable improvements in pain, range of
motion, and function provided by the prothesis [12]. In addi-
tion, while early reports described high complication rates [13,
14], as surgeon experience has grown, more recent studies
have demonstrated the vast majority of complications to be
minor, with major complications being infrequent [15–18].
The procedure has also been demonstrated to be cost-
effective [19•]. Surgeons have thus expanded indications
[18, 20] to include a variety of pathologies such as irreparable
rotator cuff tears [21], glenohumeral osteoarthritis with an
intact rotator cuff [22], acute proximal humerus fractures
[23], the sequelae of proximal humerus fractures [24], neo-
plasms of the proximal humerus [25•], inflammatory arthrop-
athies [26, 27], young patients [28•, 29], and failed TSA and
hemiarthroplasty (Table 1) [34, 35]. Indeed, the expansion of
RTSA indications has been sufficiently large to lead to sub-
stantial increases in the overall incidence of shoulder
arthroplasty [5, 36–38]. The purpose of this review is to dis-
cuss the expanding role of RTSAwithin shoulder surgery.

Massive, irreparable rotator cuff tears
without glenohumeral degeneration

Massive, irreparable rotator cuff tears have traditionally pre-
sented a treatment challenge for shoulder surgeons. Outcomes
with arthroscopic debridement [39], partial repair [40], and
tuberoplasty [41] are unpredictable. Traditionally, TSA fails
rapidly due to accelerated glenoid loosening [2].While tendon
transfers can be successful, they are only indicated in very

specific, infrequently encountered, clinical scenarios [42].
RTSA has thus become a popular option in this clinical setting
[20, 21, 28•, 43]. In the largest described series for this specific
indication, Mulieri and colleagues presented a series of 72
shoulders that underwent RTSA for a massive irreparable ro-
tator cuff tear without degenerative changes within the
glenohumeral joint and noted significant improvements in
range of motion (mean final AFE of 134°), functional out-
comes (mean final American Shoulder and Elbow Surgeons
score [ASES] 75.4), and pain (mean final visual analogue
score for pain of 1.9), with a 20 % complication rate and a
10 % revision rate at 54-months mean follow-up [21]. Several
more recent series including heterogeneous cuff-deficient in-
dications have confirmed these results [28•, 43]. Collectively,
these authors have concluded that RTSA provides a reliable
surgical option in this patient population [21, 28•, 43].

While one comparative study suggested that RTSA may
provide more improvement in AFE, strength, and functional
outcome scores than TSA, in this study, these procedures were
performed for different indications and thus these results may
not be directly comparable [44] Other comparable studies
suggest outcomes between TSA and RTSA to be similar, al-
though RTSA consistently provides inferior rotational motion,
particularly internal rotation [17, 45, 46]. Other authors have
argued that in patients with pre-operative external rotation lag
signs, post-operative active external rotation can be improved
with the addition of a latissimus dorsi transfer [47].

Glenohumeral osteoarthritis with an intact rotator cuff

Because of the propensity for the late development of rotator
cuff dysfunction after TSA [48, 49], RTSA has been consid-
ered as an option in select patients with glenohumeral osteo-
arthritis and intact rotator cuff [22]. In particular, RTSA could
be considered in elderly patients with imaging demonstrating

Table 1 Representative Outcomes from recent series of RTSA performed for indications other than rotator cuff tear arthropathy or a massive
irreparable rotator cuff tear

Outcomes of reverse shoulder arthroplasty for alternative indications

Author Year Indication N F/U, years AFE ASES Constant Complications Re-operations

Mizuno [30] 2013 Glenohumeral OA 27 4.5 152° NA 76 % 15 % 4 %

Sebastiá-Forcada [31•] 2014 Acute PHFx 31 2.4 120° NA 56 % 6 % 3 %

Raiss [32•] 2014 Sequelae of PHFx 32 4.0 110° NA 46 % 41 % 28 %

De Wilde [33] 2011 Tumor 14 7.7 157° NA 76 % 21 % 14 %

Patel [34] 2012 Revision arthroplasty 31 3.4 108° 66 NA 10 % 10 %

Young [26] 2011 Inflammatory arthritis 18 3.8 139° NA 65 % 33 % 0 %

Muh [28•] 2013 Mixed (Young patients) 67 3.1 134° 72.4 NA 15 % 11 %

Unless otherwise specified, results are displaced as arithmetic means

N number of shoulders, F/U length of follow-up, AFE active forward elevation, ASESAmerican Shoulder and Elbow Surgeons Score,NA not available,
OA osteoarthritis, PHFx proximal humeral fractures
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an intact rotator cuff but with clinical suspicion for rotator cuff
dysfunction, as evidenced by loss of AFE or weakness in
external rotation. These patients may have limited preopera-
tive strength and limited post-operative rehabilitation potential
within the rotator cuff. No published series are available to
date to review outcomes for this patient population.

RTSA is more commonly used in for glenohumeral osteo-
arthritis with an intact rotator cuff when fixation of the glenoid
component is questionable. Steen and colleagues performed a
retrospective cohort analysis of 24 consecutive patients who
underwent RTSA for glenohumeral osteoarthritis with an in-
tact rotator cuff due to improper glenoid trial seating or per-
sistent posterior subluxation. These patients were matched
with 96 patients who underwent TSA. No differences in range
of motion, standardized functional outcomes, or revision rates
were demonstrated between groups, although radiographic
loosening of the glenoid component was more common in
the TSA group. However, RTSA was over $7,000 most ex-
pensive than TSA due to the cost of the implant. From these
results, the authors concluded that if the surgeon is in doubt
with regards to the outcome of a TSA due to the glenoid
component, conversion to an RTSA is a reasonable option
[22].

In particular, recently, some authors have advocated that
RTSA may be preferable in the setting of a biconcave,
retroverted glenoid, classified as the BB2 glenoid^ within the
Walch system [50]. In a retrospective case review, Walch and
colleagues analyzed 92 TSAs performed for a B2 glenoid at a
mean follow-up of 77 months and observed a 21 % rate of
glenoid loosening, which was positively correlated with pos-
terior wear and subluxation [51]. Chin and colleagues con-
firmed these findings, demonstrating 48% glenoid component
radiolucencies at mean 60-months follow-up in 37 B2
glenoids that underwent TSA [52]. Mizuno and colleagues
analyzed 27 RTSA performed for a glenohumeral osteoarthri-
tis with an intact rotator cuff in the setting of a B2-type glenoid
with a mean follow-up of 54 months, finding significant im-
provement in range of motion (mean final AFE of 152°) and
functional outcomes (mean final Constant score of 76 points),
with a 15 % complication rate and a 4 % re-operation rate
[53•]. Based upon these results, some authors have advocated
that the RTSA should be the preferred treatment in the setting
of an advanced B2-type glenoid deformity [51, 53•, 54].

Acute proximal humerus fractures

RTSA is increasingly being used as an acute treatment for
proximal humerus fractures [37, 38, 55, 56]. Bufquin and
colleagues performed prospective cohort study of 43 patients
who underwent RTSA as the acute treatment of a three- or
four-part proximal humerus fracture with a reasonable of mo-
tion (final meanAFE of 97°), functional outcomes (final mean

Constant score of 66 %), and a 21 % rate of major complica-
tions (complex regional pain syndrome, neurologic injuries,
and instability) [57]. Ross and colleagues performed a retro-
spective review of 29 shoulders that underwent RTSA for
three- or four-part proximal humerus fractures with a mean
follow-up of 55 months with excellent pain relief, range of
motion (mean final AFE 130°), and functional outcomes
(mean final ASES 89), and with a 3 % complication rate and
a 0 % reoperation rate [58•]. Sebastiá-Forcada and colleagues
performed a prospective, randomized clinical trial comparing
31 patients who underwent hemiarthroplasty and 31 patients
who underwent RTSA for complex proximal humeral frac-
tures in patients over the age of 70, finding significantly better
AFE, University of California-Los Angeles Scores, and
Constant scores in the RTSA group. In the RTSA group, there
was only a single re-operation, while in the hemiarthroplasty
group 19 % of the patient required later conversion to RTSA,
which unfortunately did not improve their outcomes to the
those observed with primary RTSA [31•].

Several systematic reviews have also been performed [59,
60]. Gupta and colleagues performed a systematic review com-
paring open reduction and internal fixation, hemiarthroplasty,
and reverse total shoulder arthroplasty in the treatment of acute
proximal humerus fractures. While outcomes with all function-
al outcomes scores were better in open reduction and internal
fixation were better than RTSA, RTSA provided a lower re-
operation rate (12.7 vs. 5 %) [60]. RTSA also avoids outcome
heterogeneity related to tuberosity nonunion and resorption,
which is common with hemiarthroplasty. Ferrel and colleagues
also performed a systematic review but specifically examined
RTSA and hemiarthroplasty, finding that RTSA provided im-
proved AFE, but at the expense of decreased external rotation
and a higher complication rate as compared to hemiarthroplasty
[59]. Overall, these results suggest that RTSA is a promising
new option for acute proximal humerus fractures. The common
complications related to tuberosity healing seen with
hemiarthroplasty for acute proximal humerus fractures are less
frequent and have a less deleterious effect on functional out-
comes following RTSA. Hopefully, future prospective random-
ized clinical trials will compare non-operative treatment, open
reduction and internal fixation, and RTSA to allow a better
understanding for how RTSA best fits into current treatment
paradigms.

Sequelae of proximal humerus fractures

Avariety of complications can be encountered in the treatment
of proximal humerus fractures, including post-traumatic ar-
thropathy, screw perforation of the chondral surfaces due to
humeral head collapse, avascular necrosis, tuberosity non-
union, tuberosity malunion, tuberosity resorbtion, rotator cuff
dysfunction, rotator cuff tears, malunion of the head to the
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shaft, nonunion of the head to the shaft, and the development
of intractable stiffness [9, 24, 32•, 61, 62•]. Prior to the devel-
opment of the RTSA, these complications, collectively referred
to as Bfracture sequelae^, were often difficult to treat, especially
because they occur in combination not infrequently (Fig. 1).
As a result, many surgeons have incorporated RTSA into their
treatment algorithm for this challenging patient population
[9, 24, 32•, 61, 62•].

Boileau and colleagues first subdivided fracture sequelae
into four types and reported poor outcomes with
hemiarthroplasty for surgical neck nonunions and severe tu-
berosity malunions, both of which required tuberosity
osteotomy to gain access to the canal, and suggested that
RTSA may be a better option for these patients [24]. Boileau
and colleagues then first reported outcomes of the RTSA in
this setting in five elderly patients who had failed either con-
servative treatment or percutaneous pinning due to the devel-
opment of nonunion or malunion of the tuberosities, nonunion
of the surgical neck, osteonecrosis, and pre-existing
glenohumeral degeneration in the setting of a massive rotator
cuff tear. RTSA provided significant improvement in range of
motion (mean final AFE 123°), functional outcomes (mean
final Constant 61), with a 20 % complication and reoperation
rate [9]. The authors concluded that while the outcomes are
not as predictable as RTSA for the indication of rotator cuff
tear arthropathy, RTSA was a good option for this patient
population. More recently, Raiss and colleagues performed a
retrospective review of 32 patients who underwent RTSA for
the treatment of a surgical neck nonunion with mean follow-
up of 4 years, finding significant improvements in range of
motion (mean final AFE 110°) and functional outcomes
(mean final Constant 47), but with a 41 % complication rate,
a 34 % dislocation rate, and a 28% reoperation rate [32•]. The
authors attributed the high rate of instability with routine re-
section of tuberosities as part of their surgical approach and
advocated retention and fixation of the tuberosities to avoid
this issue [32•]. Hattrup and colleagues reported 20 patients
with mean follow-up of 44 months who underwent RTSA for
proximal humeral malunion (69 %) and osteonecrosis (15 %)
describing excellent pain relief, significant improvement in
range of motion (final AFE 137°), and functional outcomes
(mean final ASES 65), and a 19 % complication rate and a
10 % revision rate [61]. Hussey and colleagues reported upon
19 patients who underwent RTSA as revision of a failed open
reduction and internal fixation due to osteonecrosis (26 %),
intra-articular hardware perforation (21 %), and nonunion
(32 %) with a mean follow-up of 36 months and found signif-
icant improvement in pain, range of motion (mean final AFE
101) and functional outcomes (mean final ASES 50), although
with a 26 % complication rate and a 21 % revision rate [62•].
Similar to other authors, these surgeons advised that RTSA
performed for sequelae of proximal humeral fractures can
provide considerable improvement in pain, motion, and

function but that patients must be counseled that major com-
plications and re-operations are frequent and surgeons should
be aware that the procedure is technically demanding [62•].

Neoplasms of the proximal humerus

Resection of the proximal humerus, including the attachment
of the rotator cuff, is occasionally necessary to achieve clean
margins and obtain local oncologic control. In these settings,
patients had traditionally undergone fibular autografting,
proximal humeral replacement with a hemiarthroplasty, or
bulk proximal humeral osteochondral allografting, withmixed
functional results [63]. Because RTSA is less reliant upon the
rotator cuff, some tumor surgeons have begun reconstructing
proximal humeral resections with an RTSA [25•]. King and
colleagues recently reported upon the outcomes in two pa-
tients who underwent allograft prosthetic composite with a
long-stemmed RTSA and a proximal humeral allograft for
reconstruction after resection of an osteosarcoma in one pa-
tients and chondrosarcoma in the other patient. Although both
patients developed nonunions at the junction of the native
humerus and the allograft, with revision fixation at long-
term follow-up both patients had excellent range of motion
and functional outcomes [25•]. De Wilde and colleagues re-
ported mid-term outcomes (mean follow-up 7.7 years) in 14
patients who underwent of RTSA for proximal humeral tu-
mors, finding excellent range of motion (mean abduction
157°), and functional outcomes (mean Constant score
76 %), although 21 % of patients developed major complica-
tions and 14 % required component revision [33]. Kaa and
colleagues reported 16 patients who underwent RTSA for re-
section of a sarcoma or metastasis, with mixed results due to a
high complication rate, with a 30 % infection rate, a 20 %
prosthetic loosening rate, and a 10 % instability rate [64].
The authors concluded that this procedure offers superior
functional results to the hemiarthroplasty alternative but that
caution should be employed given the high complication rate
[64]. As experience with these reconstruction techniques in-
creases, RTSA will likely be used increasingly for this
indication.

Failed TSA and hemiarthroplasty

While anatomic total shoulder arthroplasty (TSA) has predict-
ably good long-term results in glenohumeral osteoarthritis [1],
by 15-years follow-up, 55–63 % of patients have developed
moderate to severe proximal humeral migration denoting ro-
tator cuff dysfunction [49, 65–67], which predisposes them to
glenoid loosening [65, 67]. Glenoid loosening remains the
most common indications for TSA revision [68]. In these
cases, loosening of the glenoid component also often involves
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significant glenoid bone loss that may be difficult to reliably
reconstruct with a TSA glenoid component. Prior to wide-
spread use of the RTSA, revision shoulder arthroplasty was
thus often plagued by limited range of motion and functional
outcomes. Boileau and colleagues first reported upon the use
of RTSA for revision arthroplasty in 19 cases, most (84 %)
for failed hemiarthroplasties performed for proximal humeral
fractures with significant improvements in range of motion
(mean final AFE 113°) and functional outcomes (mean final
Constant 46), but with a 47 % complication rate and a 42 %
revision rate [9]. Patel and colleagues reported upon 31 pa-
tients who underwent RTSA for a failed arthroplasty, of
which 35 % were for rotator cuff insufficiency, 19 % for
instability, 19 % for revision from a spacer placed for
periprosthetic sepsis. At a mean follow-up of 41 months,
the patients had significantly improved pain, range of mo-
tion (mean final AFE 108°), and functional outcomes (mean
final ASES 66), and with a 10 % complication rate and a
6 % revision rate [34]. Walker and colleagues reported upon
22 patients who underwent RTSA as a revision of a failed

TSA, 86 % of which were for an unstable TSA, with sig-
nificant improvements in pain, range of motion (mean final
AFE 130°), and function (mean final ASES 68), with a
23 % complication rate and a 0 % revision rate [35]. Most
recently, Wagner and colleagues reported 41 patients follow-
ed for a mean of 3.1 years who underwent RTSA as a
revision from a prior arthroplasty with concomitant glenoid
bone grafting for implant instability (44 %), glenoid loosen-
ing (24 %), and for revision from a spacer placed for
periprosthetic sepsis (20 %). While patients experienced sig-
nificant pain relief, improvement in motion, and improve-
ment in function, the authors noted a 24 % component re-
vision rate at 5-year follow-up and also noted a significantly
higher rate of revision when RTSAs with concomitant bone
grafting were compared to those that did not require bone
grafting [69•]. These authors, similar to previous authors,
reported that RTSA can provide satisfactory outcomes in
the setting of revision arthroplasty, but that re-operation
and component failure remain common even in experi-
enced hands.

Fig. 1 This 62-year-old female sustained a 4-part proximal humerus
fracture (Grashey anteroposterior and axillary radiographs shown in a
and b), underwent open reduction and internal fixation with fibular strut
allografting (c, d). Two-and-a-half years later, the patient presented with
increasing pain. On examination the patient was found to have 80° active
forward elevation and weakness in all planes of the rotator cuff.

Radiographs (e, f) demonstrated avascular necrosis and glenoid
osteophyte formation and an ultrasound demonstrated a full thickness
anterosuperior rotator cuff tear. The patient underwent removal of
hardware and reverse total shoulder arthroplasty (g, h) with restoration
of range of motion
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Inflammatory arthropathy

Patients with inflammatory arthropathy frequently have se-
vere osseous deformity, glenoid bone loss, and concomi-
tant or impending rotator cuff dysfunction, which makes
RTSA an attractive option in this patient population [18,
26]. In a recent series in which surgical indications were
compared between the first 240 RTSAs and the most re-
cent 240 RTSAs performed at a single center, with increasing
experience the RTSA was performed with increasingly fre-
quency for rotator cuff tear arthropathy and rheumatoid
arthritis and decreasing frequency for revision shoulder
arthroplasty [18]. Young and colleagues published the only
dedicated series the authors are aware of on the use of the
RTSA in the setting of rheumatoid arthritis. They reported
upon 18 RTSAs with a mean follow-up of 3.8 years who
experienced significant improvements in pain, range of
motion (mean final AFE 139°), and function (mean final
Constant 74). However, a 22 % rate of intraoperative or
post-operative fracture was noted. While no patient required
a revision, the authors advocated caution in this patient
population as the periarticular osteopenia leads to frequent
iatrogenic periprosthetic fracture [26].

Younger individuals

While RTSA has been demonstrated to be successful in
elderly individuals, many of the pathologies best addressed
by RTSA, including massive, irreparable rotator cuff tears,
failed TSA and hemiarthroplasty, and sequelae of proximal
humeral fractures, also occur in younger individuals. These
patients have often represented a particularly difficult-to-
treat patient population for shoulder surgeons. Select au-
thors have thus begun to use RTSA in patients under the
age of 60 in these scenarios [28•, 29]. Sershon and col-
leagues performed a short-term (2.8-years mean follow-up)
retrospective review of 36 shoulders in patients under the
age of 60 that underwent RTSA for failed rotator cuff
repairs (33 %), proximal humeral fracture sequelae
(31 %), failed prior arthroplasty (14 %), sequelae of prior
glenohumeral instability (11 %), and rotator cuff tear ar-
thropathy (11 %). These authors reported significant im-
provements in range of motion (final mean AFE of 121°)
and functional outcomes (final mean ASES score of 65.8).
The major complication rate was 17 %, of which 11 % of
patients required re-operation, and 25 % of patients were
counted as failures due to ASES scores below 50. The
authors concluded that while good outcomes can be
achieved in young patients who undergo RTSA, the prog-
nosis remains guarded and patients must be counseled that
major complications are common [29]. Muh and col-
leagues performed a short-term (37-months mean follow-

up) multicenter retrospective review of 67 patients under
the age of 60 (mean age of 52.2) who underwent RTSA
for a massive, irreparable rotator cuff tear (43 %), rotator
cuff tear arthropathy (16 %), and failed prior arthroplasty
(13 %), with 67 % of the entire patient population having
had prior surgery. These authors reported very similar re-
sults, with 81 % satisfaction, significant improvement in
range of motion (final mean AFE of 134°), functional
outcomes (final mean ASES of 72.4), a 15 % major com-
plication rate, and an 11 % reoperation rate. These authors
also arrived at a similar conclusion, that RTSA can be
successful in younger patients but that it would be
employed with caution because a it is associated with a
higher failure rate and lower satisfaction rate than RTSA
performed for rotator cuff tear arthropathy in elderly indi-
viduals [28•].

Conclusion

As experience has grown with RTSA and the predict-
able pain relief and restoration of active forward eleva-
tion it provides for elderly, low-demand patients with
end-stage rotator cuff tear arthropathy, this procedure
has been performed with growing frequency for an in-
creasingly broad range of indications. Recent publica-
tions have described success using the RTSA for irrep-
arable rotator cuff tears, glenohumeral osteoarthritis with
an intact rotator cuff, acute proximal humerus fractures,
the sequelae of proximal humerus fractures, neoplasms
of the proximal humerus, inflammatory arthropathy,
younger individuals, and failed anatomic total shoulder
arthroplasty and hemiarthroplasty. While complication
rates are considerable and in many of these settings
outcomes are inferior to those observed when RTSA is
performed for rotator cuff tear arthropathy, RTSA can
provide pain relief, restoration of range of motion, and
good functional outcomes for a wide variety of pathol-
ogies that were previously surgically difficult to treat
reliably. The long-term survivorship of the implant has
not yet been described, but short- and mid-term follow-
up results suggest that these results are durable.

Compliance with ethical standards

Conflict of interest Peter N. Chalmers declares that he has no conflict
of interest.

Jay D. Keener reports consultant fees from Arthrex and grants from
National Institutes of Health, outside the submitted work. He is on the
board of the Journal of Shoulder and Elbow Surgery.

Human and animal rights and informed consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

Curr Rev Musculoskelet Med (2016) 9:40–48 45



References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Raiss P, Bruckner T, Rickert M, Walch G. Longitudinal observa-
tional study of total shoulder replacements with cement: fifteen to
twenty-year follow-up. J Bone Joint Surg Am. 2014;96:198–205.

2. Franklin JL, BarrettWP, Jackins SE,Matsen FA. Glenoid loosening
in total shoulder arthroplasty. Association with rotator cuff deficien-
cy. J Arthroplasty. 1988;3:39–46.

3. Flatow EL, Harrison AK. A history of reverse total shoulder
arthroplasty. Clin Orthop Relat Res. 2011;469:2432–9.

4. Boileau P, Watkinson DJ, Hatzidakis AM, Balg F. Grammont re-
verse prosthesis: design, rationale, and biomechanics. J Shoulder
Elb Surg. 2005;14:147S–61.

5. Kim SH, Wise BL, Zhang Y, Szabo RM. Increasing incidence of
shoulder arthroplasty in the United States. J Bone Joint Surg Am.
2011;93:2249–54.

6. Frankle M, Siegal S, Pupello D, Saleem A, Mighell M, Vasey M.
The reverse shoulder prosthesis for glenohumeral arthritis associat-
ed with severe rotator cuff deficiency. Aminimum two-year follow-
up study of sixty patients. J Bone Joint Surg Am. 2005;87:1697–
705.

7. Gerber C, Pennington SD, Nyffeler RW. Reverse total shoulder
arthroplasty. J Am Acad Orthop Surg. 2009;17:284–95.

8. Garcia GH, Taylor SA, DePalma BJ, Mahony GT, Grawe BM,
Nguyen J, et al. Patient activity levels after reverse total shoulder
arthroplasty: what are patients doing? Am J Sports Med. 2015.

9. Boileau P, Watkinson D, Hatzidakis AM, Hovorka I. Neer Award
2005: the Grammont reverse shoulder prosthesis: results in cuff tear
arthritis, fracture sequelae, and revision arthroplasty. J Shoulder Elb
Surg. 2006;15:527–40.

10. Nolan BM, Ankerson E, Wiater JM. Reverse total shoulder
arthroplasty improves function in cuff tear arthropathy. Clin
Orthop Relat Res. 2011;469:2476–82.

11. Werner CML, Steinmann PA, Gilbart M, Gerber C. Treatment of
painful pseudoparesis due to irreparable rotator cuff dysfunction
with the Delta III reverse-ball-and-socket total shoulder prosthesis.
J Bone Joint Surg Am. 2005;87:1476–86.

12. Seebauer L. Total reverse shoulder arthroplasty: European lessons
and future trends. Am J Orthop. 2007;36:22–8.

13. Affonso J, Nicholson GP, Frankle MA, Walch G, Gerber C,
Garzon-Muvdi J, et al. Complications of the reverse prosthesis:
prevention and treatment. Instr Course Lect. 2012;61:157–68.

14. Cheung E, Willis M, Walker M, Clark R, Frankle MA.
Complications in reverse total shoulder arthroplasty. J Am Acad
Orthop Surg. 2011;19:439–49.

15. Chalmers PN, Rahman Z, Romeo AA, Nicholson GP. Early dislo-
cation after reverse total shoulder arthroplasty. J Shoulder Elb Surg.
2013.

16. Gupta AK, Chalmers PN, Rahman Z, Bruce B, Harris JD,
McCormick F, et al. Reverse total shoulder arthroplasty in patients
of varying body mass index. J Shoulder Elb Surg. 2013.

17. Kiet TK, Feeley BT, NaimarkM, Gajiu T, Hall SL, Chung TT, et al.
Outcomes after shoulder replacement: comparison between reverse
and anatomic total shoulder arthroplasty. J Shoulder Elb Surg.
2014.

18. Walch G, Bacle G, Lädermann A, Nové-Josserand L, Smithers CJ.
Do the indications, results, and complications of reverse shoulder
arthroplasty change with surgeon’s experience? J Shoulder Elb
Surg. 2012;21:1470–7.

19.• Renfree KJ, Hattrup SJ, Chang Y-HH. Cost utility analysis of re-
verse total shoulder arthroplasty. J Shoulder Elb Surg. 2013;22:
1656–61. This retrospective review of patient quality of life out-
comes and treatment cost with RTSA performed for rotator
cuff tear arthropathy demonstrates that RTSA is cost-effective
and is on-par with total knee arthroplasty and total ankle
arthroplasty in cost per quality-adjusted life-year.

20. Wall B, Nové-Josserand L, O’Connor DP, Edwards TB, Walch G.
Reverse total shoulder arthroplasty: a review of results according to
etiology. J Bone Joint Surg Am. 2007;89:1476–85.

21. Mulieri P, Dunning P, Klein S, Pupello D, Frankle M. Reverse
shoulder arthroplasty for the treatment of irreparable rotator cuff
tear without glenohumeral arthritis. 2010;92:2544–56. Available
from: http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?
dbfrom=pubmed&id=21048173&retmode=ref&cmd=prlinks.

22. Steen BM, Cabezas AF, Santoni BG, Hussey MM, Cusick MC,
Kumar AG, et al. Outcome and value of reverse shoulder
arthroplasty for treatment of glenohumeral osteoarthritis: a matched
cohort. J Shoulder Elb Surg. 2015.

23. Chalmers PN, Slikker W, Mall NA, Gupta AK, Rahman Z,
Enriquez D, et al. Reverse total shoulder arthroplasty for acute
proximal humeral fracture: comparison to open reduction-internal
fixation and hemiarthroplasty. J Shoulder Elb Surg. 2013.

24. Boileau P, Trojani C, Walch G, Krishnan SG, Romeo A, Sinnerton
R. Shoulder arthroplasty for the treatment of the sequelae of frac-
tures of the proximal humerus. J Shoulder Elb Surg. 2001;10:299–
308.

25.• King JJ, Nystrom LM, Reimer NB, Gibbs CP, Scarborough MT,
Wright TW. Allograft-prosthetic composite reverse total shoulder
arthroplasty for reconstruction of proximal humerus tumor resec-
tions. J Shoulder Elb Surg. 2015.This study reports the technique
for reconstruction of the proximal humerus with an RTSA al-
lograft prosthetic composite after proximal humeral oncologic
resection, with specific techniques to avoid frequent complica-
tions such as instability.

26. Young AA, Smith MM, Bacle G,Moraga C,Walch G. Early results
of reverse shoulder arthroplasty in patients with rheumatoid arthri-
tis. J Bone Joint Surg Am. 2011;93:1915–23.

27. Hattrup SJ, Sanchez-Sotelo J, Sperling JW, Cofield RH. Reverse
shoulder replacement for patients with inflammatory arthritis. J
Hand Surg. 2012;37:1888–94.

28.• Muh SJ, Streit JJ, Wanner JP, Lenarz CJ, Shishani Y, Rowland DY,
et al. Early follow-up of reverse total shoulder arthroplasty in pa-
tients sixty years of age or younger. J Bone Joint Surg Am. 2013;95:
1877–83. This multicenter, retrospective review of RTSA per-
formed in patients under the age of 60 demonstrates significant
improvements in range of motion and functional outcomes but
with a 19 % dissatisfaction rate and an 11 % reoperation rate.

29. Sershon RA, Van Thiel GS, Lin EC, McGill KC, Cole BJ, Verma
NN, et al. Clinical outcomes of reverse total shoulder arthroplasty in
patients aged younger than 60 years. J Shoulder Elb Surg. 2013.

30. Mizuno N, Denard PJ, Raiss P, Walch G. Reverse total shoulder
arthroplasty for primary glenohumeral osteoarthritis in patients with
a biconcave glenoid. J Bone Joint Surg Am. 2013;95:1297–304.

31.• Sebastiá-Forcada E, Cebrián-Gómez R, Lizaur-Utrilla A, Gil-
Guillén V. Reverse shoulder arthroplasty versus hemiarthroplasty
for acute proximal humeral fractures. A blinded, randomized, con-
trolled, prospective study. J Shoulder Elb Surg. 2014;23:1419–26.
This prospective, randomized clinical trial comparing RTSA
and hemiarthroplasty in the treatment of proximal humeral
fractures demonstrates significantly better active forward ele-
vation, significantly better functional outcomes, and a lower
revision rate in the RTSA group.

32.• Raiss P, Edwards TB, da SilvaMR, Bruckner T, LoewM,Walch G.
Reverse shoulder arthroplasty for the treatment of nonunions of the
surgical neck of the proximal part of the humerus (type-3 fracture

46 Curr Rev Musculoskelet Med (2016) 9:40–48

http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&id=21048173&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&id=21048173&retmode=ref&cmd=prlinks


sequelae). J Bone Joint Surg Am. 2014;96:2070–6.This retrospec-
tive review of outcomes of RTSA performed for surgical neck
nonunion reports a 34 % rate of post-operative instability and
advocates retetion and fixation of the tuberosities to avoid this
issue.

33. De Wilde L, Boileau P, Van der Bracht H. Does reverse shoulder
arthroplasty for tumors of the proximal humerus reduce impair-
ment? Clin Orthop Relat Res. 2011;469:2489–95.

34. Patel DN, Young B, Onyekwelu I, Zuckerman JD, Kwon YW.
Reverse total shoulder arthroplasty for failed shoulder arthroplasty.
J Shoulder Elb Surg. 2012;21:1478–83.

35. Walker M, Willis MP, Brooks JP, Pupello D, Mulieri PJ, Frankle
MA. The use of the reverse shoulder arthroplasty for treatment of
failed total shoulder arthroplasty. J Shoulder Elb Surg. 2012;21:
514–22.

36. Khatib O, Onyekwelu I, Yu S, Zuckerman JD. Shoulder
arthroplasty in New York State, 1991 to 2010: changing patterns
of utilization. J Shoulder Elb Surg. 2015;24:e286–91.

37. Khatib O, Onyekwelu I, Zuckerman JD. The incidence of proximal
humeral fractures in New York State from 1990 through 2010 with
an emphasis on operative management in patients aged 65 years or
older. J Shoulder Elb Surg. 2014.

38. Schairer WW, Nwachukwu BU, Lyman S. National utilization of
reverse total shoulder arthroplasty in the United States. J Shoulder
Elb Surg. 2014.

39. Liem D, Lengers N, Dedy N, Poetzl W, Steinbeck J, Marquardt B.
Arthroscopic debridement of massive irreparable rotator cuff tears.
Arthroscopy. 2008;24:743–8.

40. Heuberer PR, Kölblinger R, Buchleitner S, Pauzenberger L, Laky
B, Auffarth A, et al. Arthroscopic management of massive rotator
cuff tears: an evaluation of debridement, complete, and partial re-
pair with and without force couple restoration. Knee Surg Sports
Traumatol Arthrosc. 2015.

41. Park JG, Cho NS, Song JH, Baek JH, Rhee YG. Long-term out-
come of tuberoplasty for irreparable massive rotator cuff tears: is
tuberoplasty really applicable? J Shoulder Elb Surg. 2015.

42. Gerber C, Maquieira G, Espinosa N. Latissimus dorsi transfer for
the treatment of irreparable rotator cuff tears. J Bone Joint Surg Am.
2006;88:113–20.

43. Castricini R, Gasparini G, Di Luggo F, De Benedetto M, De
Gori M, Galasso O. Health-related quality of life and func-
tionality after reverse shoulder arthroplasty. J Shoulder Elb
Surg. 2013;22:1639–49.

44. Flurin P-H,Marczuk Y, JanoutM,Wright TW, Zuckerman J, Roche
CP. Comparison of outcomes using anatomic and reverse total
shoulder arthroplasty. Bull Hosp Jt Dis. 2013;71 Suppl 2:101–7.

45. Levy JC, Everding NG, Gil CC, Stephens S, GiveansMR. Speed of
recovery after shoulder arthroplasty: a comparison of reverse and
anatomic total shoulder arthroplasty. J Shoulder Elb Surg. 2014.

46. Triplet JJ, Everding NG, Levy JC, Moor MA. Functional internal
rotation after shoulder arthroplasty: a comparison of anatomic and
reverse shoulder arthroplasty. J Shoulder Elb Surg. 2014.

47. Shi LL, Cahill KE, Ek ET, Tompson JD, Higgins LD, Warner JJP.
Latissimus Dorsi and Teres major transfer with reverse shoulder
arthroplasty restores active motion and reduces pain for
posterosuperior cuff dysfunction. Clin Orthop Relat Res.
2015;473:3212–7.

48. van de Sande MAJ, Rozing PM. Proximal migration can be mea-
sured accurately on standardized anteroposterior shoulder radio-
graphs. Clin Orthop Relat Res. 2006;443:260–5.

49. Schoch B, Schleck C, Cofield RH, Sperling JW. Shoulder
arthroplasty in patients younger than 50 years: minimum 20-year
follow-up. J Shoulder Elb Surg. 2014.

50. Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of
the glenoid in primary glenohumeral osteoarthritis. J Arthroplasty.
1999;14:756–60.

51. Walch G, Moraga C, Young A, Castellanos-Rosas J. Results of
anatomic nonconstrained prosthesis in primary osteoarthritis with
biconcave glenoid. J Shoulder Elb Surg. 2012;21:1526–33.

52. Chin PC, Hachadorian ME, Pulido PA, Munro ML, Meric G,
Hoenecke HR. Outcomes of anatomic shoulder arthroplasty in pri-
mary osteoarthritis in type B glenoids. J Shoulder Elb Surg. 2015.

53.• Mizuno N, Denard PJ, Raiss P, Walch G. Reverse total shoulder
arthroplasty for primary glenohumeral osteoarthritis in patients with
a biconcave glenoid. J Bone Joint Surg Am. 2013;95:1297–304.
This retrospective review demonstrates that RTSA provides re-
liable improvements in pain, range of motion, and function with
a low re-operation rate for glenohumeral osteoarthritis with an
intact rotator cuff with a B2-type glenoid and the authors ad-
vocate this as the primary treatment for this glenoid morphol-
ogy over anatomic TSA.

54. Denard PJ, Walch G. Current concepts in the surgical management
of primary glenohumeral arthritis with a biconcave glenoid. J
Shoulder Elb Surg. 2013;22:1589–98.

55. Schairer WW, Nwachukwu BU, Lyman S, Craig EV, Gulotta LV.
Reverse shoulder arthroplasty versus hemiarthroplasty for treatment
of proximal humerus fractures. J Shoulder Elb Surg. 2015.

56. Rosas S, Law TY, Kurowicki J, Formaini N, Kalandiak SP, Levy
JC. Trends in surgical management of proximal humeral fractures
in the Medicare population: a nationwide study of records from
2009 to 2012. J Shoulder Elb Surg. 2015.

57. Bufquin T, Hersan A, Hubert L, Massin P. Reverse shoulder
arthroplasty for the treatment of three- and four-part fractures of
the proximal humerus in the elderly: a prospective review of 43
cases with a short-term follow-up. J Bone Joint Surg (Br).
2007;89:516–20.

58.• Ross M, Hope B, Stokes A, Peters SE, McLeod I, Duke PFR.
Reverse shoulder arthroplasty for the treatment of three-part and
four-part proximal humeral fractures in the elderly. J Shoulder Elb
Surg. 2014.This retrospective review of RTSA performed as the
acute treatment of 3- and 4-part proximal humerus fractures
demonstrates excellent pain relief, range of motion, and func-
tional outcomes with a very low complication and re-operation
rate.

59. Ferrel JR, Trinh TQ, Fischer RA. Reverse total shoulder
arthroplasty versus hemiarthroplasty for proximal humeral frac-
tures: a systematic review. J Orthop Trauma. 2015;29:60–8.

60. Gupta AK, Harris JD, Erickson BJ, Abrams GD, Bruce B,
McCormick F, et al. Surgical management of complex proximal
humerus fractures-a systematic review of 92 studies including
4500 patients. J Orthop Trauma. 2015;29:54–9.

61. Hattrup SJ, Waldrop R, Sanchez-Sotelo J. Reverse total shoulder
arthroplasty for post-traumatic sequelae. J Orthop Trauma. 2015.

62.• Hussey MM, Hussey SE, Mighell MA. Reverse shoulder
arthroplasty as a salvage procedure after failed internal fixation of
fractures of the proximal humerus: outcomes and complications.
Bone Joint J. 2015;97-B:967–72. This study reports upon 19
patients who underwent RTSA to revise da failed proximal
humeral open reduction and internal fixation, with significant
improvements in pain, motion, and function, but with a 21%
revision rate.

63. Kiss J, Sztrinkai G, Antal I, Kiss J, Szendroi M. Functional results
and quality of life after shoulder girdle resections in musculoskele-
tal tumors. J Shoulder Elb Surg. 2007;16:273–9.

64. Kaa AKS, Jørgensen PH, Søjbjerg JO, Johannsen HV. Reverse
shoulder replacement after resection of the proximal humerus for
bone tumours. Bone Joint J. 2013;95-B:1551–5.

65. Young AA, Walch G, Pape G, Gohlke F, Favard L. Secondary
rotator cuff dysfunction following total shoulder arthroplasty for
primary glenohumeral osteoarthritis: results of a multicenter study
with more than five years of follow-up. J Bone Joint Surg Am.
2012;94:685–93.

Curr Rev Musculoskelet Med (2016) 9:40–48 47



66. Raiss P, Schmitt M, Bruckner T, Kasten P, Pape G, Loew M, et al.
Results of cemented total shoulder replacement with a minimum
follow-up of ten years. J Bone Joint Surg Am. 2012;94:e1711–10.

67. Young A, Walch G, Boileau P, Favard L, Gohlke F, Loew M, et al.
A multicentre study of the long-term results of using a flat-back
polyethylene glenoid component in shoulder replacement for pri-
mary osteoarthritis. J Bone Joint Surg (Br). 2011;93:210–6.

68. Favard L, Katz D, Colmar M, Benkalfate T, Thomazeau H, Emily
S. Total shoulder arthroplasty—arthroplasty for glenohumeral ar-
thropathies: results and complications after a minimum follow-up

of 8 years according to the type of arthroplasty and etiology. Orthop
Traumatol Surg Res. 2012;98:S41–7.

69.• Wagner E, Houdek MT, Griffith T, Elhassan BT, Sanchez-Sotelo J,
Sperling JW, et al. Glenoid bone-grafting in revision to a reverse
total shoulder arthroplasty. J Bone Joint Surg Am. 2015;97:1653–
60.This retrospective comparative cohort study demonstrates a
24 % 5-year revision rate for RTSA performed as a revision
from a prior arthroplasty with concomitant bone grafting,
which was significantly higher than RTSA without bone
grafting.

48 Curr Rev Musculoskelet Med (2016) 9:40–48


	Expanding roles for reverse shoulder arthroplasty
	Abstract
	Introduction
	Massive, irreparable rotator cuff tears without glenohumeral degeneration
	Glenohumeral osteoarthritis with an intact rotator cuff

	Acute proximal humerus fractures
	Sequelae of proximal humerus fractures
	Neoplasms of the proximal humerus
	Failed TSA and hemiarthroplasty
	Inflammatory arthropathy

	Younger individuals
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



