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Abstract
Purpose Rheumatoid arthritis has been associated with poor clinical outcomes in hemiarthroplasty and unconstrained total shoulder
arthroplasty. The reverse shoulder arthroplasty can be utilized to address the shortcomings of hemiarthroplasty and unconstrained
total shoulder arthroplasty in the inflammatory arthritis patient population. The objective of the present study was to retrospectively
review clinical and radiographic outcomes of patients who underwent reverse shoulder arthroplasty for rheumatoid arthritis and
other inflammatory arthropathies and provide a comprehensive analysis to identify factors that may alter patient outcomes.
Methods We identified 91 primary reverse shoulder arthroplasties performed between 2006 and 2013 in patients with inflam-
matory arthritis. Seventy-five had at least two years of follow up with an average follow-up of 4.0 years. The average age at the
time of surgery was 70 years old. Peri-operative use of steroids, biologics, and methotrexate were reviewed. Outcomes evaluated
included revision and reoperation rates, complications, American Shoulder and Elbow Surgeons (ASES) scores, simple shoulder
test (SST) scores, component loosening, and scapular notching.
Results The two and five year implant revision-free survival was 99%. The two and five year re-operation-free survival was 97%.
Eighteen (24%) glenoid components required augmentation with corticocancellous autograft from the humeral head. There were
two cases of glenoid loosening with gross changes in position. Patients experienced significant pain relief with a 92% satisfaction
rate. Shoulder elevation and external rotation improved from 65 and 21 degrees pre-operatively to 138 and 45 degrees post-
operatively, respectively (p < .01). Average ASES and SST scores were 72 and 7.0, respectively. The use of prednisone,
DMARDs, or biologic medications had no significant impact on outcomes.
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Introduction

Rheumatoid arthritis (RA) can frequently cause significant
joint destruction, bone loss, and symptomatic inflammation
of the glenohumeral joint [1, 2]. Rheumatoid arthritis eventu-
ally involves the glenohumeral joint in 60–90% of patients
and is an indication for unconstrained total shoulder
arthroplasty (TSA) [3]. However, RA has been associated
with glenoid component loosening and poor clinical outcomes
in unconstrained TSA, which has been attributed to poor bone
stock and rotator cuff insufficiency [4–8]. Meanwhile,
hemiarthroplasty in patients with RA has been shown to pro-
vide less reliable pain relief and lower patient satisfaction
scores compared to TSA [4].

The reverse shoulder arthroplasty (RSA) offers several so-
lutions to the shortcomings of the unconstrained TSA in the
inflammatory arthritis patient population. The RSA can com-
pensate for rotator cuff insufficiency bymedializing the centre
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of rotation of the shoulder leading to improved deltoid me-
chanical advantage particularly in early abduction and forward
flexion [9]. Furthermore, the metal-backed glenoid compo-
nent can help optimize fixation in patients with poor glenoid
bone stock. However, there remains limited literature with
varying results regarding RSA in RA.

The objective of the present study was to retrospectively
review clinical and radiographic outcomes of patients who
underwent RSA for RA and other inflammatory arthropathies
and provide a comprehensive analysis to identify factors that
may alter patient outcomes.

Materials and methods

After obtaining institutional review board approval, we iden-
tified our study sample through our institutional total joint
registry that prospectively collects patient demographics, op-
erative details, complications, re-operations, implant revi-
sions, and clinical outcome scores on patients treated with
total joint arthroplasty [10]. The remaining information that
was not obtained through the registry was obtained through
the electronic health record.

Patient demographics

From 2006 to 2013, there were 91 primary RSAs performed at
our institution for patients who carried a diagnosis of inflam-
matory arthritis. Seven patients died prior to two years post-
operatively. Of the 84 patients alive two years post-operative-
ly, 75 (89%) had at least two years of follow-up.

Patient demographics as well as peri-operative use of ste-
roids, biologics, and methotrexate are summarized in Table 1.
Body mass index (BMI) was recorded at the time of surgery.
The mean follow-up was 4.0 years (range, 2.0–10.0) or until
revision surgery.

Surgical details

The surgeries were all performed through the deltopectoral
approach. There were four different implant systems used,
including three Encore Reverse Shoulder Prosthesis (DJO
Surgical, Austin, TX), one Delta III and 21 Delta Xtend
(Depuy Orthopedics, Warsaw, IN), 49 Comprehensive
Reverse Shoulder (Biomet), and one Aequalis Reversed
Shoulder (Tornier, Edina, MN). Eighteen (24%) glenoid com-
ponents required augmentation with corticocancellous auto-
graft from the humeral head. Cemented humeral components
were used in 23 (31%) arthroplasties. RSA was performed
when the rotator cuff or glenoid bone stock was determined
by the operating surgeon to be insufficient for unconstrained
TSA based on clinical, imaging, or intra-operative findings.

Clinical and radiographic assessment

Hard outcomes were assessed, including revision surgeries
defined as removal of any component, re-operations, and
complications. Clinical outcomes were available in all 74 pa-
tients who did not undergo revision surgery. Pain levels were
graded as none, mild, moderate with daily activities, moderate
at rest, or severe. The examining surgeon in clinic used goni-
ometers to assess shoulder motion. At last follow-up, addition-
al post-operative functional assessments including American
Shoulder and Elbow Society (ASES), Simple Shoulder Test
(SST), and patient satisfaction were available in 53 of 74
(72%) shoulders that had not undergone repeat revision sur-
gery. The patient satisfaction was obtained by directly asking
the patients if they were satisfied with the outcome of their
surgery.

The routine postoperative radiographic evaluation included
AP internal rotation and external rotation views, and axillary
views. The radiographs were examined for humeral stem loos-
ening or subsidence, as well as humeral subluxation or dislo-
cation. Humeral periprosthetic lucency was classified as 0
(none), 1 (< 1 mm wide, incomplete), 2 (1 mm wide, com-
plete), 3 (1.5 mm wide, incomplete), 4 (1.5 mm wide, com-
plete), or 5 (2 mm wide, complete) [11, 12]. Furthermore, “at-
risk” humeral components were identified if there was grade 4
or higher lucency, or a subsidence between immediate and late
post-operative radiographs. Subluxation was classified as
present (unstable) or not present (stable). Scapular notching
was recorded and classified based on the classification system
described by Sirveaux et al. [13]: type I, defect confined to
pillar; type II, contact with the lower screw; type III, defect

Table 1 Demographics (n = 75)

Variables Value

Arthroplasties 75

Follow-up (years) (mean, range) 4.0 (2.0–10.0)

Age (years) (mean, range) 70 (51–88)

Females 62 (83%)

Laborer 3 (5%)

BMI (kg/m2) 27 (17–49)

Smokers 2 (3%)

Diabetes mellitus 5 (7%)

Medications

Methotrexate 19 (25%)

Steroids 24 (32%)

Biologics 19 (25%)

Prior proximal humerus fracture 5 (7%)

Prior rotator cuff surgery 15 (20%)

Cemented humeral component 23 (31%)

Glenoid bone autograft 18 (24%)

2594 International Orthopaedics (SICOT) (2019) 43:2593–2600



extends over the lower screw, and type IV, defect extends
under baseplate. Plain radiographs and computed tomography
scan when available were reviewed for glenoid component
loosening.

Statistical analysis

Univariate analyses were performed in the evaluation of out-
comes associated with primary RSA in patients with inflam-
matory arthritis. The differences between dichotomous vari-
ables were tested using Fisher’s exact test. Due to the small
sample size, Wilcoxon rank-sum test was used to minimize
small sample-size bias. The Kaplan-Meier methodwas used to
assess implant survival, using the log-rank test and propor-
tional hazards regression to compare groups/comorbidities.
Univariate analysis identified the following four variables to
be predictors of ASES and SST scores (BMI), cemented hu-
meral component, postoperative pain, and if the patient was a
labourer. These four variables were used to construct a stan-
dard least-squares multivariate model with ASES and SST
scores as the dependent variables. Statistical significance
was set at a P value < 0.05.

Source of funding

No external source of funding was used for this study.

Results

Intra-operative findings, outcomes,
and complications

Significant glenoid bone loss was documented in the operative
report in 21 cases. There was superior bone loss in ten cases,
anterior bone loss in two cases, posterior bone loss in two
cases, and three cases with central glenoid erosion (Fig. 1a–
c). Sixty-four of 75 shoulders had significant rotator cuff tears.
There were four (5%) non-displaced intra-operative fractures
involving the greater tuberosity that occurred during implan-
tation. All four (5%) fractures healed on x-rays by the last
post-operative follow-up and did not have a significant impact
on post-operative clinical outcomes.

The implant survival, re-operations,
and post-operative complications

Follow-up data was available for all shoulders at a mean
follow-up of 4.0 years (2.0–10.0) or just prior to revision
surgery. Revision surgery was performed in one (1.4%) pa-
tient who sustained a displaced periprosthetic fracture involv-
ing the press-fit humeral component at 1.8 years postopera-
tively. The patient was treated with a revision RSA involving

an allograft prosthetic composite. The overall implant
revision-free survival at two and five years was 99% and
99%, respectively (Fig. 2). No variables analyzed had a sig-
nificant impact on the rates of revision surgery.

There were ten complications representing a 13% compli-
cation rate following primary RSA in patients with inflamma-
tory arthritis. There was only one post-operative complication
requiring a re-operation in addition to periprosthetic fracture,
but components were retained. Re-operation was performed
for a deep periprosthetic infection at 1.5 years post-operatively
that was treated with irrigation and debridement. The patient
had a total hip arthroplasty infection simultaneously, also re-
quiring irrigation and debridement, but component retention.
The patient was on Plaquenil and prednisone at the time of the
infection. The patient remained on antibiotic suppression
through the remainder of their life (1.5 years). The two and
five year re-operation-free survivals were both 97% (Fig. 3).
Besides the patient requiring revision surgery, no other pa-
tients suffered a post-operative periprosthetic humerus frac-
ture. Additional post-operative fractures included three (4%)
scapular spine fractures and three (4%) acromial fractures, all
of which were managed non-operatively and had no signifi-
cant effect on clinical outcomes. There were no additional
post-operative infections. No patient had any wound healing
complications. There were two cases of glenoid component
loosening, but both patients had minimal symptoms and did
not wish to undergo revision surgery.

Clinical outcomes

Overall, there was a significant improvement in the patients’
post-operative pain levels (p < 0.001), shoulder abduction
(p < 0.001), and shoulder external rotation (p = 0.001).
Furthermore, patients had good rates of satisfaction, as well
as ASES and SST scores (Table 2). Univariate analysis iden-
tified higher SST scores with increasing BMI (p < 0.02) and
with cemented humeral components (p < 0.02) (Fig. 4a–c).
Additionally, labourers were found to have lower post-
operative pain (p < 0.05) and higher ASES scores (p < 0.05).
No other variables, including use of prednisone, DMARDs, or
biologic medications, had a significant impact on post-
operative shoulder motion, function, or pain levels.
Multivariate analysis was performed using the standard least
squares with ASES and SST as the dependent variables. For
every unit increase in BMI, the SST score increased by 0.2 ±
0.07 points. (p < 0.01).

Radiographic outcomes

There were 2 (2.7%) grossly loose glenoid components with
obvious changes in position (Fig. 5a–c). Both patients had
minimal symptoms and did not wish to undergo revision sur-
gery. Neither of these patients was on prednisone,
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methotrexate, or a biologic drug. There were no cases of hu-
meral component loosening aside from the one revision case
in which a patient sustained a periprosthetic humeral fracture
resulting in loss of humeral fixation. There was no evidence of
radiolucencies around the humeral component in the remain-
der of the arthroplasties. Scapular notching was observed in 11
(15%) shoulders, while grade 3 or higher scapular notching
was demonstrated in four (5%) shoulders. No factors had a
significant influence overall on glenoid component loosening
or scapular notching.

Discussion

Glenohumeral joint destruction, concomitant rotator cuff in-
sufficiency, and the poor bone stock observed in patients with
RA contributes to proximal humeral migration, glenoid

loosening, and suboptimal outcomes when using anatomic
TSA in this population [6, 8, 14–16]. Recently, disease-
modifying antirheumatic drugs (DMARDs) and biologic
drugs have lessened the progression of the disease [17].
Nonetheless, many patients still develop end-stage
glenohumeral arthritis, often associated with massive rotator
cuff insufficiency and/or poor glenoid bone stock, leaving
RSA as the only reliable option [18, 19]. Given the paucity
of information examining the outcomes of the reverse pros-
thesis in RA, as well as the influence of various rheumatologic
medications, we sought to examine the radiographic and clin-
ical outcomes of patients with inflammatory arthritis treated
with RSA. Additionally, a comprehensive analysis was per-
formed to identify potential factors that may affect outcomes
including the use of DMARDs and biologic agents.

In this large cohort of patients with RA undergoing RSA,
patients experienced marked improvements in their pain and
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Fig. 1 Challenging case: a Pre-operative, b Initial post-operative, and c Final follow up (27 months post-surgery) x-rays of an 83-year-old female with
significant glenoid bone loss requiring structural bone grafting to the posterior glenoid taken from the humeral head

Fig. 3 Kaplan-Meier survival curve demonstrating a 2- and 5-year re-
operation-free survival of 97% ± 2% and 97% ± 2%, respectively.
Dashed line represents 95% confidence interval

Fig. 2 Kaplan-Meier survival curve demonstrating a 2- and 5-year revi-
sion-free survival of 99% ± 1% and 99% ± 1%, respectively. Dashed line
represents 95% confidence interval



shoulder motion. Despite the potentially higher risk for com-
plications in patients with RA, the patients in this cohort had >
95% implant survival at five years with low rates of compo-
nent loosening and infection. Overall, these findings suggest
that RSA is a reliable option for the treatment of symptomatic
glenohumeral destruction secondary to inflammatory arthritis
despite the high rates of complications reported in several
prior studies [2, 20, 21].

In contrast to our findings, several authors have reported
concerns regarding RSA in the rheumatoid population, partic-
ularly due to high rates of component loosening. In 2001,
Rittmeister et al. [2] reported outcomes on eight RSAs in
seven patients with RA and noted an unfavourable complica-
tion profile. There were three cases of glenoid loosening: one
case of septic loosening and two cases of aseptic loosening.
All arthroplasties were performed through a transacromial

approach, and there were three cases of failed osteosynthesis.
These findings were attributed to poor bone stock and quality
in patients with RA. Several other studies have also demon-
strated high rates of component loosening and revision sur-
gery in the rheumatoid population [20, 21]. More recently,
lower rates of component loosening have been observed even
in the setting of significant glenoid bone loss requiring bone
grafting [22–24]. The rates of component loosening published
in more recent studies parallel the low rates of humeral and
glenoid loosening observed in our study population, which
were 0% and 2.7%, respectively. It should be noted that frac-
tures involving the scapular spine (4%) and acromion (4%)
were relatively common in our series. This may be attributable
to the inherently poor bone stock secondary to the disease
itself or from prednisone use (32%) in this population. The
rates of acromion and scapular spine fractures observed in this
study parallel the rates seen in non-rheumatoid patients who
undergo RSA ranging from less than 1% to nearly 7%
[25–29]. The improved results in this series are likely multi-
factorial, including a combination of improved surgical tech-
nique and implant design, as well as medical control of the
underlying disease process.

Pharmacologic control of the inflammatory process
underlying the joint destruction likely contributes in a
large part to our field’s improved ability to surgically
manage shoulder joint destruction with the RSA. Lower
disease severity at presentation, better control, and pre-
vention of disease progression post-operatively, and im-
proved overall health of the patient has likely contrib-
uted to the improved surgical outcomes. As control of
the inflammatory destruction of the soft tissue stabilizers
around the joint improves, it undoubtedly improves the
performance of the reverse components and surgical
techniques.

Table 2 Clinical outcomes (n = 65)

Outcome measure Rating P value

aShoulder elevation < 0.01

Pre-operative 65o ± 5

Post-operative 138o ± 4
aShoulder external rotation < 0.01

Pre-operative 21o ± 2

Post-operative 45o ± 4

Pain (% none or mild) < 0.01

Pre-operative 1%

Post-operative 99%
aASES score 72 ± 2
aSimple shoulder test 7.0 ± 0.4

Satisfaction 69 (92%)

aValues reported as mean ± standard error
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Fig. 4 Case example: a Preoperative, b Initial post-operative, and c Final follow up (72 months post-surgery) x-rays of a 68-year female treated with a
reverse shoulder arthroplasty using a cemented humeral stem with excellent radiographic and clinical outcome



Several other studies in the rheumatoid population have
reported good clinical outcomes, potentially from better con-
trol of the disease process [24, 30–33]. In 2003, Woodruff
et al. [21] reviewed the results of 13 RSAs using the Delta
III prosthesis, and despite glenoid loosening in five shoulders
and humeral loosening in all cases, good clinical outcomes
were observed. Ekelund et al. [30] published in 2012 on 23
RSAs with a mean follow-up of 56 months. Significant im-
provements were noted in pain, function, and clinical outcome
scores. Though these results may be a manifestation of im-
proved disease control perioperatively, in this study, there was
no difference observed between patients on different medica-
tion regimens to control their disease. However, there were no
true control groups used for comparison and there was no
formal algorithm for pharmacologic management of disease.
Future outcomes in the inflammatory arthritis population will
likely be directly correlated with improved disease control.

While medical management can improve disease control,
one concern with the use of DMARDs, biologic medications,
prednisone, or patients with RA in general is a potentially
increased risk of infection and problems with wound healing.
Salt et al. [34] performed a retrospective, case-control study
and found male gender, RA, diabetes mellitus, obesity, gout,
and prednisone use to be risk factors for prosthetic joint infec-
tions in patients undergoing total hip, knee, or shoulder
arthroplasty. Morris et al. [35] performed a retrospective re-
view of 301 RSAs and found age < 65 and conversion to RSA
for failed hemiarthroplasty to be risk factors for prosthetic
joint infection. Meanwhile, RA was not associated with in-
creased rates of infection. In the present study, nearly 43%
of patients were on steroids, methotrexate, a biologic, or a
combina t ion the reo f . Desp i t e the use of these
immunomodulating medications, there were no wound
healing problems and there was only one (1%) prosthetic joint

infection with component retention, which is a similar infec-
tion rate compared to the rates observed in primary RSA for
other etiologies [36–39].

Despite improved disease control through pharmacologic
means, shoulder arthroplasty remains one of the primary treat-
ment options for symptomatic glenohumeral arthritis.
Hemiarthroplasty has been shown to lead to inconsistent pain
relief and poorer patient outcomes [21]. Anatomic TSA in
rheumatoid patients has been shown to lead to suboptimal
outcomes often times related to component loosening [4–8].
Although RA is not technically an absolute indication for
RSA, given the poor bone stock and frequently compromised
soft tissues, it is often preferred in this patient population. The
present study suggests that RSA is a reliable treatment option
for glenohumeral arthritis in patients with inflammatory arthri-
t is. The superiority over unconstrained TSA and
hemiarthroplasty may be related to the in-growth glenoid fix-
ation and biomechanics that can compensate for a torn or
tenuous rotator cuff.

There are several limitations to our study including limited
short-term follow-up, relatively small numbers, and other sim-
ilar inherent limitations of a retrospective study. The low num-
ber of events of interest limits the statistical power in our
analyses and therefore limits our ability to extrapolate clini-
cally significant factors for clinical outcomes. This is often a
weakness of the orthopaedic literature and warrants longer
follow-up and larger studies [40]. Furthermore, all of these
surgeries were performed at a tertiary care centre and referral
bias likely had an effect on the clinical profile of our patient
cohort [41]. Additionally, 11% of patients were lost to follow-
up and multiple implant systems were used in this study
adding additional confounding factors to the outcomes.
Lastly, because there were five different surgeons, there was
no established algorithm for treating the inflammatory arthritis
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Fig. 5 Complication example: a Pre-operative, b initial post-operative, and c final follow-up X-rays of a 78-year-old with glenoid loosening and
component displacement at most recent follow up (25 months post-surgery). Patient elected to not undergo revision surgery



patient, and the indications for RSAwere not standardized in
this patient population and were at the discretion of the indi-
vidual surgeon.

Conclusions

In concordance with recent literature on RSA in RA, our study
demonstrates that RSA can provide excellent pain relief and
function for patients with inflammatory arthropathies. There
were minimal complications with very good pain relief and
functional outcomes. However, the role of the reverse pros-
thesis and its indications in the setting of the DMARD and
biologic era has yet to be established. Studies such as this one
will potentially lay the framework for future evaluations of
specific medication regimens peri-operatively, as well as im-
plant choice in RA patients.
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