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Background and purpose — There is no consensus on which type
of shoulder prosthesis should be used in patients with rheumatoid
arthritis (RA). We describe patients with RA who were treated
with shoulder replacement, regarding patient-reported outcome,
prosthesis survival, and causes of revision, and we compare out-
come after resurfacing hemi-arthroplasty (RHA) and stemmed
hemi-arthroplasty (SHA).

Patients and methods — We used data from the national Danish
Shoulder Arthroplasty Registry and included patients with RA
who underwent shoulder arthroplasty in Denmark between 2006
and 2010. Patient-reported outcome was obtained 1-year postop-
eratively using the Western Ontario Osteoarthritis of the Shoulder
index (WOOS), and rates of revision were calculated by checking
revisions reported until December 2011. The patient-reported
outcome of RHA was compared to that of SHA using regression
analysis with adjustment for age, sex, and previous surgery.

Results — During the study period, 167 patients underwent
shoulder arthroplasty because of rheumatoid arthritis, 80 (48%)
of whom received RHA and 34 (26%) of whom received SHA. 16
patients were treated with total stemmed shoulder arthroplasty
(TSA), and 24 were treated with reverse shoulder arthroplasty
(rTSA). 130 patients returned a completed questionnaire, and the
total mean WOOS score was 63. The cumulative 5-year revision
rate was 7%. Most revisions occurred after RHA, with a revision
rate of 14%. Mean WOOS score was similar for RHA and for
SHA.

Interpretation — This study shows that shoulder arthroplasty,
regardless of design, is a good option in terms of reducing pain
and improving function in RA patients. The high revision rate
in the RHA group suggests that other designs may offer better
implant survival. However, this should be confirmed in larger
studies.

Rheumatoid arthritis (RA) often leads to destruction of the
shoulder joint and functional impairment (Harris 1990, Levy
et al. 2004, Trail and Nutall 2002). Shoulder arthroplasty is
an established treatment in severe cases where medical and/or
surgical treatment with synovectomy has failed. Previous stud-
ies have found substantial reduction in pain postoperatively
in patients with RA, regardless of the choice of prosthesis,
whereas the reported effect on shoulder function has varied
(Levy et al. 2004, Sperling et al. 2007, Trail and Nutall 2002,
Guery et al. 2006, Holcomb et al. 2010). There are different
surgical options: total stemmed shoulder arthroplasty (TSA),
reverse shoulder arthroplasty (rTSA), stemmed shoulder hemi-
arthroplasty (SHA), or resurfacing shoulder hemi-arthroplasty
(RHA). Many patients experience complicating rotator cuff
pathology, which should be considered in the choice of pros-
thesis (John et al. 2010, Ekelund and Nyberg 2011, Young et
al. 2011).

It remains unclear whether the prosthesis design influences
the outcome. The advantages of RHA are minimal bone resec-
tion, short procedure time, a low risk of periprosthetic frac-
ture, and its easy accessibility for revision (Levy et al. 2001,
2004). The disadvantages are difficulties with correct anatom-
ical fitting, especially in cases with flattening of the humeral
head with large osteophytes or poor bone quality (Al-Hadithy
et al. 2012, Mechlenburg et al. 2013). RHA has been used fre-
quently in the treatment of RA since the early 1980s, but the
functional outcome has only been reported in small case series
and never in comparative studies of revision (Levy et al. 2001,
2004, Jonsson et al. 1986).

Here we describe patients with RA who were treated with
shoulder replacement, regarding patient-reported outcome,
prosthesis survival, and causes of revision, and we compare
outcome after RHA and SHA.
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Figure 1. All shoulder arthroplasties and RA shoulder arthroplasties,
2007-2012

Patients and methods

The Danish Shoulder Arthroplasty Registry (DSR) has col-
lected information on patients treated with shoulder arthro-
plasty since 2004. The annual number of arthroplasties reg-
istered increased slightly during the study period, whereas
the number of patients with the diagnosis rheumatoid arthritis
remained stable (Figure 1). Registration is mandatory for hos-
pitals and private clinics, and is completed by the surgeon (for
both primary prostheses and revisions). We compared data
with the national patient registry, which revealed that 90% of
all procedures had been registered between January 2006 and
December 2010, consistent with a required minimum registra-
tion level of 90% (Lynge et al. 2011, DSR annual report 2013).

Outcome measures

Outcome assessment included patient-reported outcome and
revision rate. Patient-reported outcome was obtained by regu-
lar post 1-year postoperatively using the Danish version of
Western Ontario Osteoarthritis of the Shoulder index (WOOS)
(Rasmussen et al. 2013).The score is percentage of optimal.
Both non-responders and responders with incomplete ques-
tionnaires were sent a postal reminder.

Revision was defined as removal, exchange, or the addition
of any component. Rates of revision were calculated using
revisions reported to the DSR until December 2011. In the
analysis of patient-reported outcome, only patients with a
completed questionnaire were included. In cases of revision
or death within the first year, WOOS score was registered as
missing. In cases of revision or death after 1 year, the score
was registered in the analysis of WOOS one year postopera-
tively.

Statistics

The patient-reported outcome (WOOS) was converted into a
continuous scale to compare differences between prosthesis

Table 1. Demography of arthroplasty designs

All TSA TSA RHA SHA p-value?
Mean age 65 65 74 63 65 0.3
Female 133 14 19 62 37 0.8
Previous surgery 16 2 2 9 3 0.8
Non-responder 37 3 4 18 12 0.2
Total 1670 16 24 80 46
a8 RHA vs. SHA by t-test and chi-squared test.
b 1 missing

types. We defined a 10-point/10-percent difference as clini-
cally relevant. A regression model (ANOVA) for prosthesis
types was used to estimate differences in patient-reported out-
come, and to adjust for possible confounders (age, sex, and
previous operations).

Rates of revision were calculated using the Kaplan-Meier
method from data reported to the DSR. Inclusion of patients
with bilateral procedures violates the assumption of indepen-
dence, but it has been argued to be of little practical impor-
tance regarding analysis of implant survival (Ranstam et al.
2011). We included all operations in order to obtain higher
statistical power.

The level of statistical significance was set at 5% (p = 0.05).
Statistical analysis was done using SPSS version 17.0.

Ethics

This study was approved by the Danish Data Protection
Agency (journal no. 2007-58-0015).

Results

In the study period, 167 patients (80% of them women) had
the primary diagnosis reumatoid arthritis. Mean age was 65
(SD 13) years, and 43 (26%) had bilateral surgery. There were
13 TSAs (10%), 62 RHAs (48%), 34 SHAs (26%), and 20
rTSAs (15%)—and 1 (1%) was unaccounted for (Tables 1 and
2). The cumulative 5-year revision rate was 7% (Figure 2).
The causes of revision were implant loosening (n = 4), rotator
cuff problems (n = 3), glenoid attrition (n = 1), and peripros-
thetic fractures (n = 1). In 3 patients, the cause of revision was
missing.

For analysis of patient-reported outcome, we included the
130 patients who returned a completed WOOS question-
naire (78%). Missing and incomplete WOOS questionnaires
accounted for 22 of the other patients, 7 patients had died
within 1 year, and 8 had been revised within 1 year. Mean
WOOS score was 63 (SD 25) (Table 2). 16 patients were
treated with TSA. 13 of them returned a questionnaire, and
they had a mean WOOS score of 75 (SD 18). In the 20 patients
who were treated with rTSA, we found a mean WOOS score
of 60 (SD 25) (Table 3).
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Table 2. Distribution of prosthesis brands and prosthesis designs

Prosthesis design

SHA TSA RHA rTSA

Global advantage 16
Bigliani 10
Bigliani Standard 8
Global FX 5
Nottingham 3
Neer (Monoblock) 2
Aequalis-Tornier 1
Neer (Modular) 1
Anden 0
Copeland 0
Global Cap 0
Delta Extend 0
Delta Mark 3 0
Anatomical shoulder 0
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Figure 2. Prothesis survival in the RA population treated with shoulder
arthroplasty

Table 3. Patients with complete WOOS scores. Values are mean
(SD)

TSA rTSA RHA SHA All
WOQOS score 60 (25) 75(18) 61(27) 58 (21) 63 (25)
No. of patients 13 20 62 34 1292
21 missing

Comparison of RHA and SHA

Of the 80 patients who received RHAs, 62 responded. The
mean WOOS score was 61 (SD 27), as compared to 58 (SD
21) after SHA, where 34 of the 46 patients responded. The
revision rate after RHA was statistically significantly higher
than that after SHA (Table 1).

Of the 167 original patients with RA, 12 revisions were
performed (7%). 1 of the revisons was performed in a patient
treated with SHA (2%) and the other 11 revisions were per-
formed in patients treated with RHA (14%).

Discussion

In RA patients with severe arthritis of the shoulder, we found
that hemi-arthroplasty—and RHA especially—was the pre-
ferred choice of shoulder arthroplasty. The indications for
using RHA and SHA are the same, but the design of RHA
with humeral head surface replacement with a short cen-
tral peg only calls for minimal bone resection, and is a less
invasive procedure. However, RHA is not suitable for use in
a severely damaged joint with major bone loss or poor bone
quality precluding fixation (Levy et al. 2004).

We found no statistically or clinically significant differ-
ence in WOOS score between SHA and RHA. This could
indicate that the postoperative WOOS score is unaffected by
the choice of prosthesis. However, patients treated with TSA
should theoretically represent those with glenoid damage,
and those treated with rTSA should represent patients over
the age of 70, with either rotator cuff damage or after revi-
sion of shoulder arthroplasty, suggesting a poorer preopera-
tive status. Thus, the RA patients treated with RHA and SHA
are those with less advanced disease. Without a preoperative
WOOS status for comparison, it could be hypothesized that
both rTSA and TSA could provide a greater improvement in
WOOS score and patients with severe glenoid destruction
may benefit from total shoulder replacement. On the assump-
tion that patients receiving RHA and SHA are comparable
at baseline, our findings suggest that postoperative WOOS
score is unaffected by the choice of prosthesis. In summary,
the results from Danish Shoulder Arthroplasty Registry indi-
cate that the choice of prosthesis does not influence patient-
reported outcome.

Levy et al. (2004) compared RA patients treated with total
resurfacing arthroplasty and those treated with TSA, and found
no difference in pain relief and range of motion. They sug-
gested that total resurfacing arthroplasty may be a better choice
than TSA because RA patients often experience involvement
of several joints, and with ipsilateral elbow prostheses, the use
of total resurfacing arthroplasty could minimize stress fracture
between stems in the mid-part of the humeral shaft.

Barlow et al. (2014) compared RA patients treated with
HA and TSA, and found no clinically significant difference
in improvement. They made a distinction between patients
with a damaged or intact rotator cuff. In the group with rota-
tor cuff damage, they found no difference in pain relief or
function between patients treated with TSA and those treated
with HA. However, in patients with an intact rotator cuff, they
found 2 advantages after TSA: improved pain relief and func-
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tion and a reduced risk of revision (see also Sperling et al.
2007). Our findings confirm the higher revision rate in the HA
group, where we found 12 revisions (7%), 11 of which were
in patients treated with RHA (which alone had a revision rate
of 14%). Barlow et al. (2014) found a 10-year revision rate of
7% for the TSA group and 12% for the HA group. They found
the most common reasons for revision in the TSA group to be
glenoid loosening and infection, whereas for the HA group the
main reason was glenoid arthritis. The reported causes of revi-
sion in our material were mainly loosening (n = 4) and rotator
cuff problems (n = 3), but also glenoid attrition (n = 1) and
fracture (n = 1). Over-stuffing of the joint does not alone count
as a cause of revision, but is included in “others”.

In a large Norwegian registry study, Fevang et al. (2009)
reported an increasing use of shoulder arthroplasty for all
diagnoses except RA, where a decline was observed. In 15 of
439 cases, they reported that the primary cause of revision in
RA patients treated with HA was pain (Fevang et al. 2009).

Our study had the advantage of a large and unselected
patient material, resulting in high degree of external validity
and statistical power. However, the lack of detailed reports
on revision and/or WOOS scores challenges the accuracy of
the results. The missing or incomplete WOOS questionnaires
resulted in exclusion of 37 patients (22% of the total). Preop-
erative WOOS score, rotator cuff status, and the reason for a
particular choice of prosthesis are all valuable, but missing
information. The lack of preoperative WOOS may have added
limitations to the study, since patients with poor rotator cuff
status could have a worse WOOS score preoperatively than
those with an intact rotator cuff, which would in turn lead to a
wider range of improvement in WOOS score postoperatively,
assuming that one existed.

We found a high revision rate in the group treated with HA,
and especially in those treated with RHA. It is possible that
surgeons are more likely to revise RHA simply because the
surgical intervention itself is less extensive than revising the
other prosthesis. It is also possible that RHA represents a first
choice of prosthesis—one that is more easily converted to
another prosthesis in case of complications. In addition, revi-
sion rate as an indicator of postoperative status does not take
into account the group of RA patients who live with pain and
reduced function but where an indication for revision cannot
be found.

Possible future prostheses in the treatment of RA include
pyrocarbon prostheses, stemless prostheses (total and hemi),
and prosthesis designs that are easily converted from conven-
tional anatomic prostheses to a reverse design by replacing the
modular component. The pyrocarbon prosthesis is associated
with bio-friendly wear characteristics that could result in less
stress on cartilage and the glenoid, compared to metals and
ceramics. This prosthesis is thought to be a good option for
younger patients, especially those with arthritis. The effect has
not yet been documented, but any new implants will be moni-
tored by the registry.

Until 2011, procedures in Denmark were performed in 32
hospitals, but since 2012 joint replacement in RA has been
restricted to 13 departments (DSR annual report 2013). The
rationale was to increase volume and thereby the level of
experience in fewer surgeons, regarding this relatively small
and possibly decreasing patient group. There is inevitably
a difference in the surgeons’ previous training and level of
experience in each procedure, and therefore a possible differ-
ence in outcome. Centralization may result in better operative
results—through more consistent allocation to the best-docu-
mented prosthesis design—and better surgery, performed in
experienced hands (Jamsen et al. 2013, Christie et al. 2011).

In summary, most RA patients with advanced disease who
undergo shoulder arthroplasty experience improvement in pain
and function. The cumulative revision rate was 7%, with the
main reasons being loosening, rotator cuff problems, glenoid
attrition, and periprosthetic fracture. Revisions only occurred
in the hemi-arthroplasty patients, and by far most frequently in
those treated with RHA (with a 14% revision rate). The reason
for this is unclear, but it is possible that the high revision rate
in RHA reflects accessibility for revision or steps of opera-
tive treatment where RHA represents the first, least invasive
choice that is easily converted into another prothesis design.
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