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Abstract: Background: Anatomical shoulder replacement for rheumatoid arthritis (RA) is complicated by a high incidence of 
rotator cuff tears and glenoid erosion. This can lead to poor function and early failure. Reverse shoulder arthroplasty (RSA) 
has gained popularity as an alternative. This systematic review attempts to further define the role of RSA in RA. 

Methods: A systematic review identified seven studies reporting outcomes of RSA in RA patients. Studies were critically 
appraised, and data on outcomes, complications and technical considerations were extracted and analysed. 

Results: One hundred and twenty one shoulders were included (mean follow up 46.9 months). Consistent improvements in 
the main outcome measures were noted between studies. Ninety five percent of patients described excellent to satisfactory 
outcomes. The minimum mean forward elevation reported in each study was 115 degrees. Symptomatic glenoid loosening 
(1.7%), deep infection (3.3%) and revision surgery (5%) rates were no higher than for a population of mixed aetiologies. 

Discussion: Previous concerns regarding high pre- and peri-operative complication and revision rates in RA patients were 
not shown to be valid by the results of this review. Although associated cuff tears are common and glenoid bone loss can 
increase the technical complexity of surgery, RSA provides consistent and predictable improvements in key outcome 
measures and the revision and complication rates do not appear to be higher than reported in a large population of mixed 
aetiologies. 

Conclusion: The contemporary literature shows that RSA is a safe, effective and reliable treatment option in RA patients. 
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INTRODUCTION 

 The glenohumeral joint is frequently affected in 
rheumatoid arthritis (RA) but the incidence is variably 
reported. Cuomo et al. found that 90% of patients with RA 
had some shoulder impairment. However, this report pre-
dates the significant improvements seen in the medical 
management of RA in the last decade [1]. More recently, 
Lehtinen et al. reported that 48% of RA patients developed 
glenohumeral erosive changes and Rittmeister et al. reported 
that 75% of those with seropositive RA developed shoulder 
symptoms [2, 3]. Despite this variability, there is no doubt 
that shoulder involvement is common in RA. In those 
patients who fail non-operative management, arthroplasty 
surgery is an option. However, there are several additional 
concerns when RA patients require shoulder replacement 
compared to those with glenohumeral osteoarthritis. 
 The medical management and systemic features of RA 
create some unique challenges in this population. Disease-
modifying anti-rheumatic drugs are immunosuppressive and 
are therefore believed to increase the potential risk of 
prosthetic joint infection. Corticosteroids are also frequently 
used to control disease progression and long term use affects 
bone mineral density increasing the risk of fractures and the 
quality of implant fixation. Furthermore, the non-orthopaedic 
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manifestations of the disease increase the risk of systemic 
peri-operative complications and fitness for anaesthesia. 
 Historically, anatomical shoulder arthroplasty has played 
a major role in rheumatoid patients. McCoy et al. found 
good pain relief in up to 93% after surgery [4]. However, 
despite high patient satisfaction and good pain relief, 
function is unpredictable and often poor, with patients in 
some series averaging elevation below the horizontal [5-7]. 
Barrett et al. reported active forward flexion averaged 34 
degrees in 140 anatomical shoulder replacements where 50% 
of patients had significant cuff pathology [8]. 
 Cuff tears in rheumatoid patients are extremely common 
(20%-100%) [6, 9, 10] and when present, lead to inferior 
results of joint replacement due to poor pain relief, superior 
humeral migration, increased shear forces, eccentric wear, 
instability, early failure and glenoid loosening rates as high 
as 50% [6, 7, 11-14]. It is therefore clear that the rotator cuff 
is an important prognosticator of outcome. Patients with 
intact cuffs get better pain relief and functional improvement 
[6, 7, 10]. Although successful outcomes after cuff repair at 
the time of arthroplasty surgery are reported [15] these 
results should be interpreted with caution as they may not be 
applicable to a rheumatoid population in whom progressive 
upward migration of the humeral head (due to failure of the 
cuff) has been described as inevitable [10]. Furthermore, the 
morphology of cuff tears in RA patients more frequently 
involves Infraspinatus, Subscapularis and Teres Minor and 
this involvement of a larger part of the cuff may also 
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increase the risk of instability and of having a less favourable 
outcome [3, 16]. 
 Moderate to severe erosive changes of the humeral head 
and glenoid (Larsen grades 3-5) are seen in up to 68% of 
rheumatoid patients [17, 18]. Erosion of the glenoid makes 
implanting a component more challenging, predisposing to 
less satisfactory fixation, instability and early implant failure. 
Previous authors advocated hemi-arthroplasty as the 
treatment of choice in patients with large glenoid defects, 
bypassing issues of replacing the eroded socket [19-21]. 
However functional results were poor and deteriorated with 
time after the procedure, predominantly due to progressive 
glenoid wear [21-23]. Some surgeons still favour 
hemiarthroplasty in rheumatoid patients with an intact 
coracoacromial arch, accepting that this may later fail [3, 
22]. It should be noted that the use of massive allografts (e.g. 
tendo-achilles), to stabilize shoulders with rotator cuff and 
glenoid defects has been tried in conjunction with 
hemiarthroplasty, with dismal results [24]. 
 RSA offers a potential solution for some of these issues. 
The biomechanical features of this design confer increased 
stability (particularly against superior escape) and a 
significantly improved lever arm for deltoid, potentially 
resulting in improved range and strength of abduction even 
in the presence of a deficient rotator cuff [14, 25, 26]. 
Despite these biomechanical improvements, expert authors 
have previously cautioned against using RSA in RA patients 
due to concerns about increased peri-operative 
complications, poor functional outcomes and high revision 
rates [27, 28]. The aim of this study is to re-visit the 
evidence for these concerns by combining data from 
published series and reporting pooled data on outcomes, 
complications and technical considerations. 

METHODS 

Search Strategy 

 A PubMed search was performed using the terms 
“reverse shoulder arthroplasty ‘or’ reverse shoulder 
replacement” and “rheumatoid arthritis ‘or’ inflammatory 
arthritis” on the 1st of April 2015. Original articles published 
in English that reported outcomes of RSA in rheumatoid 
patients were included. Studies were excluded if results were 
combined with populations containing other aetiologies and 
the authors were unable to separate out the data. 
 The PubMed “related citations” tool and Google Scholar 
were used to search for any further potentially eligible 
articles. The references of all included articles were also 
searched for any further relevant articles. 

Method of Critical Appraisal 

 Included studies were appraised by two independent 
reviewers (EG, EH) with respect to a validated quality 
assessment scale for retrospective clinical studies developed 
by Rangel et al. [29]. The tool allows identification of the 
most rigorous evidence by characterising 16 baseline criteria 
that define thorough and accurate reporting of non-controlled 
studies. If there was any disagreement between the authors in 
assigning a score to each paper appraised, a third 
independent reviewer (AS) made the final decision. 

Data Extraction 

 The main outcomes extracted include: the incidence of 
complications, the rate of revision, modes of failure and 
outcome measures relating to function, pain and satisfaction. 

Fig. (1). Flow of studies. 

Flow of studies. Figure I.  

 
                                                                                        PubMed, Medline and Google Scholar databases searched  

Reverse shoulder arthroplasty ‘or’ reverse shoulder replacement, rheumatoid arthritis ‘or’ inflammatory arthritis  
(25 studies identified) 

 
 
14 studies not relevant and excluded based on abstract 

         
 

                9 citations potentially relevant and retrieved 

 
 
9 studies excluded: 
Patients with other diagnoses/mixed aetiology, data not separated (8) 
Case report (1)      
 

5 citations relevant and included                   
 Search of references of all citations retrieved 

          (6 studies identified) 
 

4 excluded 
Patients with other diagnoses/mixed aetiology, data not separated (3) 
Revision procedures (1) 

     
                    Total of 7 included studies [3,16,30,31,32,33,34] 
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RESULTS 

 After application of the search strategy and eligibility 
criteria seven studies were included for critical appraisal and 
data extraction [3, 16, 30-34]. The flow of studies is shown 
in Fig. (1). 
 The quality assessment of included studies is presented in 
Table 1. This shows that included studies were of similar 
quality and that although there were some weaknesses, there 
were no major limitations in key areas. Data from these 
studies were collated to produce an overall study population 
for this review. This is summarised in Table 2 and comprises 
a total of 144 shoulders of which 129 had rotator cuff tears 
identified on pre-operative imaging. After loss to follow up, 
121 reverse arthroplasty shoulders were included with 
weighted mean follow up of 46.9 months (11.5-143 months). 
The weighted mean age of patients was 64.6 (range 34-86). 

Patient-Based Outcome Measures 

 No single outcome measure was universally reported but 
all authors reported a significant improvement in the main 
outcome measure used in their studies. Due to the narrow 
eligibility criteria used in this review, as evidenced by the  
 
 

Table 2. Summarises basic characteristics of included studies.  
 

Study Year Level of  
Evidence*  

No. of  
Shoulders 

Mean  
Follow-Up  
(Months) 

Rittmeister [3] 2001 IV 6 54.3 (48-73) 

Hattrup [16] 2012 IV 19 37 (24-66) 

Ekelund [30] 2011 IV 27 56 (18-143) 

Holcomb [31] 2010 IV 21 36 (24-73) 

John [32] 2010 III 17 24.3 (11.5-40.9) 

Wooduff [33] 2003 IV 13 87 (60-110) 

Young [34] 2011 IV 18 46 (25-84) 
*Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence. 
 
small number of included patients, it was considered that the 
included populations were comparable and that some data 
could be pooled for further analysis. This is evidenced by the 
fact that the pre- and post- operative scores for the main 
outcome measures reported were remarkably similar 
between studies. This data is presented in Table 3. 
 The Constant and Murley Score (CMS) evaluates pain, 
activities of daily living, mobility and strength and was  
 

Table 1. Adequacy of reporting of studies based on criteria proposed by Rangel et al. [29]. 
 

Criteria of Rangel et al. [29] Rittmeister  
[3] 

Hattrup  
[16] 

Ekelund  
[30] 

Holcomb  
[31] 

John  
[32] 

Woodruff  
[33] 

Young  
[34] 

Description of participating surgeons/institutions:        

Can number of centres be determined? No ü No No ü ü No 

Can practice type be determined? ü ü ü ü ü ü ü 

Can number of surgeons be determined? ü ü ü No No ü ü 

Can author’s prior experience with procedure be determined? No No No No No No No 

Is timeline of when cases performed documented? No No ü ü No ü ü 

Description and definition of cases:        

Was population from which cases selected described? ü ü ü ü ü No ü 

Are diagnostic criteria clearly documented? ü No No ü ü No ü 

Are eligibility criteria clearly documented? ü No No ü ü No ü 

Description of the intervention:        

Is surgical technique adequately described? ü ü ü No ü ü ü 

Any attempt to standardise operative technique mentioned? ü No No ü ü ü ü 

Any attempt to standardise peri-operative care mentioned? ü No ü ü ü ü ü 

Analysis of outcome data:        

Is mean and range of demographic data reported? No ü ü No No ü ü 

Are outcomes presented with appropriate measures of variability? ü ü ü ü ü ü ü 

Are diagnostic methods for defining outcome described? ü ü ü ü ü ü ü 

Do authors address whether there is missing data? ü ü ü ü ü ü ü 

Is number and nature of complications addressed? ü ü No ü No ü ü 

 
Total number of criteria satisfied 

 
12/16 

 
10/16 

 
10/16 

 
11/16 

 
11/16 

 
12/16 

 
14/16 
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reported by four studies [3, 30, 32, 34]. The pooled data from 
these studies included 68 shoulders and the overall weighted 
mean improvement in the CMS of 40.9 points was seen from 
17.4 to 58.3 at an average follow up of 45.3 months for this 
group of patients. 
 It is of note that Young et al. separated the patients 
according to the presence of a normal or atrophied Teres 
Minor as seen on MRI scan. The mean CMS improved from 
28.0 points to 74.3 points in 8/15 shoulders with a normal 
Teres Minor muscle and from 20.8 to 54.6 points in 7/15 
shoulders with an atrophic Teres Minor muscle. The seven 
shoulders with a normal Teres Minor muscle preoperatively 
all had a final CMS of >70 points, whereas only two of the 
eight shoulders with Teres Minor atrophy had a final score in 
this range [34]. 
 Another two studies [16, 31] reported the American 
Shoulder and Elbow Surgeons (ASES) outcome measure, 
which evaluates pain and the level of function or disability. 
These studies included 40 patients and found a weighted 
mean improvement of 51.6 points from 27.5 to 79.1. 

Patient Satisfaction 

 As well as functional outcome, four studies specifically 
asked patients to grade overall satisfaction [3, 31, 32, 34]. Of 
the 60 patients in these studies, 95% (n=57) rated their 
shoulders as excellent to satisfactory, whereas 5% (n=3) felt 
the result of their surgery was unsatisfactory. Specific details 
are not given regarding patients with an unsatisfactory result 
so causation cannot be identified. Holcomb et al. do, 
however, give individual outcome measures and the patient 
with an unsatisfactory result reported no pain, an 
improvement in ASES score from 20 to 82 and was able to 
abduct and forward flex to 90 degrees post-operatively [31]. 

 

Range of Motion  

 Four of the included studies reported range of movement 
data pre and post-operatively [16, 30, 31, 34]. The results are 
presented in Table 4. However, it was not possible to 
combine data due to different methods of measuring the 
range and the results being presented in different units. 
Despite that, in all four studies, the mean forward flexion 
improved from less than 80˚ to at least 115˚. Abduction was 
seen to improve in the three studies that reported on it, from 
less than 70˚ to more than 100˚ [16, 30, 31]. 

Complications 

 Overall post-operative complications were seen in 19% 
(n=23) of the 121 shoulders. The incidence and type of 
complication is summarised in Table 5. Two patients had 
more than one complication. In one, a deep infection 
occurred after failed acromial osteosynthesis, post 
osteotomy, utilised in a trans-acromial approach [3] In the 
other, fractures of the greater tuberosity and the scapular 
spine were seen in a single patient post-operatively [34]. 

Glenoid Bone Loss and the Requirement for Bone 
Grafting 

 Of the seven included series, four [16, 30, 31, 34] 
reported on glenoid bone loss visualised on pre-operative 
imaging. This was identified in 39 of 85 patients (45%), but 
only a small number required bone grafting (Ekelund et al. 
n=4/27, Holcomb et al. n=5/21, Young 8/18). 
 Ekelund et al. assessed glenoid loss on plain film 
radiographs for 18 patients and found that eight of the 18 
patients assessed had glenoid erosion. Three patients 
received structural bone grafting and one received cancellous 

Table 3. Summary of main outcomes data from included studies. 
 

Study 
CS ASES Other Objective  

Outcome Measure Patient Satisfaction 
Pre-Op Post-Op Mean Difference Pre-Op Post-Op Mean Difference 

Rittmeister [3] 17 63 46 - - - - Overall: 100%, n=6 

Hattrup [16] - - - 27 76 49 
VAPS: 6.5 - 1 

SST: 1 - 8 
- 

Ekelund [30] 13 52 39 - - - VAPS: 8 - 1 - 

Holcomb [31] - - - 28 82 54 
VAPS: 7 - 1 
SST: 1 - 7 

95%(20) Satisfied 
5% (1) dissatisfied 

John [32] 
 

19 59.5 40.5 - - 
- 
- 

SF-36 MSC: 108% 
SF-36 PSC: 77% 

Overall: 93%, n=14 

Woodruff [33] - 58.5 - - - - 
SF-12 PSC 38.2 

SF-12 MSC 49.13 
 

Young [34] 22.5 64.9 42.4 - - - MSSS: 68.6% 
61%(11) very satisfied 

33% (6) satisfied 
5% (1) dissapointed 

Weighted mean   40.9   51.6   
Pre-op - pre-operative, Post-op - post-operative, CS - Constant-Murley Score, ASES - American Shoulder and Elbow Surgeons outcome measure, VAPS - Visual Analog Pain Scale, 
SST - Simple Shoulder Test, SF-36 MSC - Short Form 36 Mental Score Component, SF-36 PSC - Short Form 36 Physical Score Component, SF-12 PSC - Short Form 12 Physical 
Score Component, SF-12 MSC - Short Form 12 Mental Score Component, MSSS - Mean subjective shoulder score. 
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graft. One patient also required augmentation of a defect 
with cement to achieve stability of an inferior screw [30]. 
Table 5. Summary of Post-operative complications from all 

papers [3, 16, 30-34]. 
 

Post-Operative Complication Overall Incidence 

Infection and septic loosening 3.3%, n= 4 

Scapular Spine fracture 3.3%, n= 4 

Glenoid fracture 3.3%, n= 4 

Failed Acromion Osteosynthesis 2.5%, n= 3 

Symptomatic aseptic glenoid loosening 1.7%, n= 2 

Greater tuberosity fracture 1.7%, n= 2 

Acromial fracture 1.7%, n= 2 

Nerve Palsy 1.7%, n= 2 

Dislocation 0.8%, n= 1 

Coracoid fracture 0.8%, n= 1 

Symptomatic aseptic humeral loosening 0%, n= 0 

Total 25 complications  
(23 shoulders = 19%) 

 
 Holcomb et al. measured available glenoid bone stock 
(CT/MRI) from the most medial portion of the glenoid to the 
medial base of the coracoid process, with a mean of 24.2mm 
(range 11.2-30.5) remaining. The need for grafting wasn’t 
based on these values but on intra-operative visual 
inspection, if less than 80% of the baseplate had osseous 
contact, bone grafting (humeral head autograft) was used. 
Stable fixation of the baseplate was achieved in each case 
with no cases of non-union of the bone graft [31]. 
 Young et al. also assessed glenoid loss using MRI or CT 
imaging according to Levigne’s classification. Fourteen 
patients (78%) had glenoid erosion. Eight of these were 
treated intra-operatively with bone grafting, four using 
cancellous bone autograft and four requiring structural 
autografting, from the resected humeral head [34] At final 
follow up, all patients that had received bone grafts had a 
well fixed glenoid component on plain film radiography. 
 Hattrup et al. took a different approach to managing 
glenoid erosion and did not use structural bone grafts. 
Instead, the inferior margin of the glenoid baseplate was 
aligned with the inferior margin of the glenoid and reaming 

was directed to create neutral orientation and over 50% bony 
contact with the baseplate. No attempt was made to create an 
inferior tilt for the glenosphere to avoid exacerbating 
superior bone loss. Cancellous autograft from the humeral 
head was used to fill residual glenoid defects [16]. 

Scapula Notching 

 Notching is a well-recognised consequence of RSA, but 
the clinical significance is unclear [35, 36] Only four of the 
included studies reported scapula notching, at a rate of 
42%(n=34/81) [16, 30, 32, 34]. 
 The majority of these (21) were grade 1-2 according to 
the Nerot-Sirveaux classification (appendix) [37]. Thirteen 
patients had notching above the inferior glenoid component 
screw. All notching was asymptomatic with no glenoid 
loosening or fracture being reported as associated with 
notching within the study periods. 

Infection 

 The overall rate of deep infection in the combined series 
was 3.3% (n=4) and all four required further surgery [3, 30, 
31]. This is comparable to infection rates for this operation 
for other aetiologies. One patient from the series reported by 
Ekelund et al. underwent a successful two-stage revision 
after developing deep infection within the first year. 
Causative organisms were not reported. The Constant-
Murley score at latest follow up was 48 points [30]. 
 In Holcomb’s series, one patient developed deep 
infection (Pseudomonas aeruginosa) at six years post-
operation, requiring removal of the prostheses and a 
hemiarthroplasty cement spacer. Another patient with early 
infection (Methicillin-sensitive Staph. Aureus) diagnosed at 
seven weeks required washout, debridement and exchange of 
polyethylene liner along with six weeks of antimicrobial 
therapy. This patient was infection free at final follow up 
(two years) and rated the outcome as ‘excellent’ [31]. 
 In the Rittmeister et al. series, one patient developed 
sepsis within the joint after re-operation for non-union of 
acromial osteosynthesis (post osteotomy). This patient 
required implant removal [3]. Only Ekelund et al. reported 
their antibiotic prophylaxis regimens (Flucloxacillin, or 
Clindamycin if penicillin allergic) [30]. Holcomb et al. 
advocated the routine inclusion of Tobramycin into bone 
cement [31]. No clues as to causation of infection can be 
drawn from the data, nor do the authors postulate causation. 

Table 4. Mean values for range of movement in operated shoulder. Pre-operative, post-operative and the change in range. 
Rotation values in Ekelund et al.’s paper are given in Constant Murley Score (CMS) point form. 

 
 Hattrup [16] Ekelund [30] Holcomb [31] Young [34] 

Pre-Op Post-Op Change Pre-Op Post-Op Change Pre-Op Post-Op Change Pre-Op Post-Op Change 

FF 68˚ 138˚ 70˚ 33˚ 115˚ 82˚ 52˚ 126˚ 74˚ 78˚ 139˚ 61˚ 

ABD 66˚ 134˚ 68˚ 26˚ 103˚ 77˚ 55˚ 116˚ 61˚ - - - 

ER 23˚ 52˚ 29˚ 0.6 5.8 - 19˚ 33˚ 14˚ 15˚ 20˚ 5˚ 

IR - - - 2.1 2.9 - S1 L4 - sacrum L3 - 
FF - Forward Flexion, ABD - Abduction, ER - External Rotation, IR - Internal Rotation. 
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Loosening 

 There were no cases of symptomatic humeral loosening 
in the combined series. Twenty cases of radiographic 
humeral loosening were reported but none of these had 
symptoms at final review [16, 33]. Woodruff et al. found that 
100% of their cases had radiolucencies surrounding the 
uncemented, hydroxyapatite coated humeral components 
(Delta III) at a mean follow up of 87 months. These may be 
attributed to stress shielding rather than true loosening and 
osteolysis. 
 There were seven (overall incidence 5.7%) cases of 
glenoid loosening reported. Once again the majority (five 
patients) were found in the series reported by Woodruff et al. 
and none of these were symptomatic. One of these occurred 
in a patient that sustained intra-operative fracture of the 
glenoid [33]. Of the other two, one still rated the shoulder as 
good [31], the other resulted in breaking of the inferior screw 
and tilting of the component which required revision [3]. 

Fracture 

 Thirteen (10.7%) fractures occurred associated with RSA 
in this group of patients. Four patients sustained an intra-
operative glenoid fracture during glenoid reaming. Holcomb 
et al. fixed the two intra-operative fractures occurring in 
their series with cannulated lag-screws, allowing subsequent 
stable implantation of a glenoid component and excellent 
post-operative results (ASES 80, forward flexion 125 
degrees) [31]. Ekelund et al. [30] and Woodruff et al. [33] 
both had one intra-operative fracture, neither paper 
specifically discusses intra-operative fixation or alteration to 
post-operative management. However, Woodruff, et al. 
reported that this patient had a very deficient glenoid at the 
time of surgery and found loosening of the glenoid 
component and a Constant score of 51 at final follow up. 
 Five fractures were seen in Young’s series, two 
sustaining post-operative acromial fractures, one resulted in 
inferior tilt of the fragment; the patient rated her outcome as 
satisfactory, and reported no pain and had active abduction 
of 140° at the latest follow-up. The other was in the acromial 
spine; this healed with conservative management but 
unfortunately led to reduced mobility and the patient 
reported pain for one year. Two patients sustained avulsion 
fractures of the greater tuberosity that were thought to have 
occurred intra-operatively but were not identified at the time. 
One of these occurred in the patient with an acromial spine 
fracture and contributed to the poor outcome. The other 
healed and reported good outcomes. Another patient 
sustained a coracoid avulsion that was repaired at the time 
with sutures and healed [34]. 
 In other studies, three more scapular spine fractures 
occurred after falls; one healed giving excellent results 
(forward flexion 160 degrees, ASES 83), one was discovered 
after bone scan for progressive pain, another did not heal and 
gave a poor outcome with pain score of 10 and ASES of 7 
(not revised at final follow up). One patient sustained a stress 
fracture of the acromion at eight months and although this 
didn’t heal, the patient could forward flex to 100 degrees and 
the ASES was 60 [16, 30, 31]. 

Rates of Revision Surgery and Modes of Failure 

 Rates of revision surgery in the included studies varied 
from 0-38% at latest follow up. The overall rate of revision 
was 7% (n=9) at a mean follow up of 46.9 months. However, 
if the series of six patients reported by Rittmeister et al. [3] is 
excluded, on the basis that it is not contemporary and 
represents a significant outlier compared to recent studies, 
then the mean rate of revision is only 5% (n=6/115) in this 
population at a mean follow up of 46.5 months. Three cases 
required revision for septic loosening, 1 for instability, 1 for 
glenoid fracture and 1 due to breakage of the central screw. 
The three re-operations (50%) described by Rittmeister et al. 
were all related to failed osteosynthesis of the acromion after 
osteotomy in the trans-acromial approach, used for better 
exposure, thus adding further weight to the decision to 
exclude that study in the analysis of revision surgery. 
 A systematic review by Zumstein et al. of 782 patients 
receiving RSA for all aetiologies, revealed an overall 
revision rate of 10.1%, which is higher than the rate we 
found in RA patients [38]. 

DISCUSSION 

 RSA is increasingly advocated as an appropriate option 
for primary arthroplasty in end-stage RA. Of only seven 
available series specifically focusing on this indication, five 
were published in the last four years demonstrating a recent 
increase in popularity for this treatment option. 
 This review reports outcomes collated from the seven 
available studies. The most commonly used outcome 
measure was the Constant-Murley Score (CMS). This 
includes functional assessment, range of motion and strength 
of active abduction as well as the pain score [39, 40]. All 
studies that reported this outcome measure showed a 
remarkably consistent improvement at a mean of 41.62 
(range 39 to 46) points. This is comparable with studies 
looking at RSA in cuff tears (mean improvement of 43) [19, 
41, 42] or cuff arthropathy (mean improvement of 41.33) 
[43-45] and suggests that outcome from RSA in RA is 
predictable. 
 The American Shoulder and Elbow Surgeons (ASES) 
outcome measure concentrates more on subjective functional 
limitations of the shoulder and pain associated with it. 
Studies included in our review showed an overall mean 
improvement in ASES scores of 51.6 points (from 27.5 to 
79.1), which, although not directly comparable, is greater 
than the improvement reported in RSA performed for cuff 
arthropathy (40.75) [46-49]. 
 John et al. reported results from the Short-Form 36 (SF-
36). Although there was some improvement in physical 
function, a great improvement was seen in the mental and 
emotional components, above that of a normative population. 
The authors postulated this might be due to lower 
expectations of function in RA patients and an increase in 
satisfaction once pain had been relieved, despite still having 
a functional impairment [32]. This theory can also be used to 
explain high satisfaction rates seen in this lower demand and 
lower expectation cohort burdened with chronic functional 
impairment and pain. 
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 Range of movement was seen to improve in all mean 
values in the four studies in which they were reported [16, 
30, 31, 34]. It was not possible to combine data for analysis 
but there are some key points to note. Firstly, as stated in the 
introduction forward elevation in RA patients after TSA or 
hemiarthroplasty can be extremely poor [5-8, 21-23]. Khan 
compared osteoarthritic patients to RA patients undergoing 
anatomical total shoulder arthroplasty and found post-
operative forward elevation averaging 130˚ and 85˚ 
respectively [6] Table 4 demonstrates that the authors of the 
studies reporting on range of motion included in this review 
all recorded a minimum mean forward elevation of 115 
degrees. Although a comparative study is required to 
demonstrate a significant difference in ROM this data 
certainly reinforces the empirical observation of many 
surgeons that RSA allows greater potential for forward 
elevation than anatomical replacement in an RA population 
due to the high incidence of associated cuff tears. 
 Furthermore, although Young et al. found little 
improvement in external rotation with the arm in an adducted 
position, with mean external rotation improving from 15˚ to 
20˚ of rotation, they also tested ‘functional external rotation’, 
with the arm at 90˚ abduction. They found a greater 
improvement from 17˚ pre-operatively to 46˚ functional 
external rotation post-operatively. The authors attributed this 
difference to the presence of a functioning Teres Minor 
muscle facilitating external rotation with the arm in this 
position. This also accounted for the difference in CMS 
scores reported in this paper [34]. 
 Shoulder arthroplasty complication rates have declined in 
recent years with a lower need for re-operation. It is stated 
by some authors that there is no discernable link between 
early or late complications and initial aetiology, with 
comparable complication rates occurring in RSA regardless 
of whether the patient has RA [50]. In order to ascertain 
whether the perceived increase in risk of complication, when 
performing RSA in RA patients, does exist, comparisons can 
be made to RSAs performed for mixed aetiologies. A 
systematic review by Zumstein et al. looked at the results of 
782 RSAs in 761 patients performed for multiple aetiologies, 
including cuff tears, fracture, tumour, revision surgery and 
RA [38]. 
 The overall complication rate in this series of patients 
was 19% (23/121 shoulders). Wall et al. reported a similar 
complication rate of 19% in a series of 191 reverse 
arthroplasties [51] and Frankle et al. found a complication 
rate of 17% [52]. Zumstein et al. actually found a higher rate 
of complication in their systematic review of 782 RSAs for 
all aetiologies. They separated ‘problems’ and 
‘complications’, based on whether they thought the final 
outcome was likely (complication) or unlikely (problem) to 
be affected. They reported an overall ‘problem’ rate of 44% 
and a ‘complication’ rate of 24% in a mixed population [38]. 
 One of the main concerns when pre-operatively planning 
shoulder arthroplasty in RA patients is glenoid bone loss, 
and this was apparent in 45% of patients in this cohort. Less 
than 20% of those with bone loss (9% overall) required 
grafting. By final follow up, all these patients had a well 
fixed and stable glenoid component with no signs of non-
union or early loosening, suggesting that this is a useful 
option for managing deficient glenoid bone stock. 

 The rate of scapula notching that occurred in the 
combined series was 34%. Prior clinical studies have shown 
scapular notching rates ranging from 0% to 96% in RSA 
[53]. Notching is usually apparent within the first few post-
operative months and very few shoulders that have avoided 
notching by 12 months demonstrate notching later [28, 42, 
54]. This suggests that the length of follow up in the 
combined series was of sufficient duration to appropriately 
capture the incidence of scapula notching and that its 
incidence was no greater than that seen when RSA was 
performed for all aetiologies (35%) [38]. No direct links 
were made between notching and fracture, loosening or 
revision in any of the studies included in this review. 
 Infection is a devastating complication in arthroplasty. 
RA patients are potentially immunocompromised and so 
higher infection rates are anticipated. The overall infection 
rate in this combined series was 3.3%, which is not 
dissimilar to a population of mixed aetiologies undergoing 
the same operation. In previous papers concerning a normal 
population undergoing primary RSA, infection rate is stated 
as between 1% and 5% [36, 55], and Zumstein et al.’s 
review of 782 RSAs found a deep infection rate of 3.8% 
[38]. The infecting organisms described in the patient cohort 
included in this review were typical, including Pseudomonas 
acnes, Pseudomonas aeruginosa, Staphylococcus Aureus, 
and coagulase-negative Staphylococcus [31, 56]. However, 
rare cases of prosthetic joint infection in RSA implants with 
Candida Albicans have been reported in RA patients. It is 
hypothesised that this is almost certainly due to 
immunosuppression caused by disease controlling drugs 
such as anti-tumour necrosis factor therapy (e.g. Etanercept) 
and should also therefore be considered as a potential 
infecting micro-organism if an RA patient presents with a 
prosthetic joint infection [57]. 
 Osteopenia and osteoporosis associated with 
glucocorticoid medication, disuse and the disease process 
itself, raise concerns of fracture in RA patients. Thirteen 
fractures were seen in twelve patients within the cohort 
included in this review, giving a fracture risk of 10.7% 
overall. Seven occurred intra-operatively and six occurred 
post-operatively. Seven of these fractures healed and in 
general these reported good outcomes, apart from the patient 
with an acromial spine and a greater tuberosity fracture who 
had an unsatisfactory outcome. Five fractures did not heal 
and four of these reported poor outcomes. The healing and 
outcome of one of the fractures was not reported. Zumstein 
et al. reported 46 fractures in 782 RSAs in a mixed 
population, giving an overall fracture risk of 5.9%, which is 
lower than seen in the purely RA cohort of this review [38]. 
As the rate of fracture varied greatly between the studies in 
this review from 4% [30] to 28% [34], it may be that specific 
aspects of the intra-operative technique or the prosthesis 
used increased the risk of fracture in certain studies however 
this cannot be ascertained from the data provided. 
 There were no cases of symptomatic humeral loosening 
and only two cases of symptomatic glenoid loosening, one of 
which required revision in the combined series. Depending 
on the criteria used for radiographic loosening, extremely 
high rates of up to 100% were reported and Woodruff et al. 
attributed this to stress shielding surrounding uncemented 
components rather than true osteolysis [33]. Zumstein et al. 
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found radiographic loosening in 27 (out of 782) RSAs giving 
an overall rate of 3.5% in a mixed aetiology population. 
Loosening rates varied greatly depending on which 
prosthesis was used and the fixation type. The authors found 
loosening rates were twice as high in the Encore system 
compared to the Grammont system [38]. 
 A final concern with rheumatoid patients is the existence 
of multi-system involvement and a perceived increased risk 
of peri-operative systemic complications. None of the 
included studies reported systemic peri-operative 
complications. Hambright et al. reported a comparison of 
peri-operative complications in RA vs non RA patients 
undergoing shoulder arthroplasty and found this to be less 
than 1% in both groups, with no significant difference 
between them [58]. 
 Due to a limited number of studies providing data on this 
subject and a variation of follow up, we are unable to report 
cumulative survivorship. However, the mean rate of revision 
from the contemporaneous combined series (excluding 
Rittmeister et al. [3] as previously discussed) was 5% at a 
mean follow up of 46.9 months. Although not directly 
comparable, when one is considering the role of RSA in RA 
patients it is important to note that the revision rate given for 
RSA in a mixed population was 10.1% suggesting that the 
risk for RA patients is not excessively high [38]. Other 
studies have also noted that revision rates for anatomical 
shoulder arthroplasty in RA patients are lower than those 
published for non-RA patients, possibly due to a lower 
demand in this cohort or to statistical variance secondary to 
small sample sizes [21, 59-61]. 

CONCLUSION 

 The contemporary literature does not show a higher rate 
of complications for RSA in rheumatoid patients either in the 
peri- or post-operative period when compared to RSA in a 
large population of patients with mixed aetiologies [38]. Pre-
conceptions of increased rates of infection, fracture, 
notching, loosening and failure were not realised in this 
review when compared to other aetiologies. 
 The data suggests it is a safe procedure that allows 
predictable improvements in the ROM, CMS and ASES 
scores as well as high patient satisfaction. Longer-term data, 
larger numbers and prospective, controlled trials may be 
beneficial in substantiating this and to better estimate long-
term survivorship. This review concludes that RSA is a 
valuable treatment option for end stage arthritis in 
rheumatoid patients. 
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