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Abstract
Background Reverse shoulder arthroplasty has been
proven to improve function in shoulders with cuff-tear
arthropathy, but existing studies are primarily single-center
studies with a small number of patients, which limits their
ability to identify patients who have an increased risk of
revision or a worse functional outcome.

Questions/purposes (1) What is the estimated 10-year
cumulative revision rate after reverse shoulder arthroplasty
for cuff-tear arthropathy, and what factors are associated
with the risk of revision? (2) What is the patient-reported
outcome 1 year after surgery, and what factors are associ-
ated with a worse patient-reported outcome?
Methods We included all patients treated with reverse
shoulder arthroplasty for cuff-tear arthropathy reported in the
Danish Shoulder Arthroplasty Registry from 2006 to 2015.
During the study period, the completeness of reporting was
93% for both primary and revision arthroplasties. Estimated
revision rates were illustrated using the Kaplan-Meier
method, and hazard ratios were calculated using a Cox re-
gression model. Patient-reported outcome was measured
with a postal survey at 12 months (range 10-14 months)
postoperatively using the Western Ontario Osteoarthritis of
the Shoulder (WOOS) index. The WOOS is a patient-
administered questionnaire that measures the quality of life of
patients with glenohumeral osteoarthritis. A visual analog
scale that ranges from0 to 100 is used for each question. There
are 19 questions, giving a total score ranging from 0 to 1900,
with 1900 being the worst. For simplicity of presentation, raw
scores were converted to a percentage of the maximum score,
with 100 being the best. There is no definedminimal clinically
important difference of the WOOS, but the Danish Shoulder
arthroplasty registry has for many years regarded an arbitrary
difference of 10 or above as being clinically relevant. The rate
of response to the WOOS was 71%.
Results The estimated 10-year cumulative revision rate
was 8.5% (95% confidence interval, 5.7%-11.3%) with
differences between the arthroplasty model (21.0%; 95%
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CI, 11.8% to 30.8% for the Delta Mark III and 5.5%; 95%
CI, 3.7% to 7.3% for the Delta Xtend) and gender (6.0%;
95% CI, 3.0% to 9.0% for women and 13.1%; 95% CI,
7.1% to 19.1% for men). After controlling for potential
confounding variables including gender, previous sur-
gery, arthroplasty model, and period of surgery, the risk of
revision was higher with the Delta Mark III than with the
Delta Xtend (hazard ratio 2.7; 95% CI, 1.3 to 5.4; p <
0.01) and higher in men than in women (hazard ratio 2.7;
95% CI, 1.6 to 4.7; p < 0.01). Thirty-three percent (19 of
57) of the revision arthroplasties were performed for
dislocation and 32% (18 of 57) were to treat periprosthetic
joint infection. After controlling for confounding varia-
bles, only previous surgery was associated with a worse
WOOS score (mean difference -10.6; 95% CI, -15.2 to
-5.9; p < 0.01); there were no associations between a
worse score and gender, arthroplasty model, age group, or
period of surgery.
Conclusions The results from the present study can be
used to inform patients about their individual risk of
revision or a disappointing functional outcome. The
study also demonstrates the need for proper patient se-
lection and attention to technical details to reduce the
risk of revision, especially for men. Our follow-up time
was, however, short, with only an estimate of the 10-year
revision rate. Future studies with a long-term follow-up
duration are needed to confirm our results.
Level of Evidence Level III, therapeutic study.

Introduction

Cuff-tear arthropathy (CTA) has been a surgical challenge
in the past. Hemiarthroplasty with or without re-
construction of the rotator cuff or a hemiarthroplasty with
an extended articular surface was used with varying and in
many cases disappointing outcomes [8, 21, 27]. The re-
verse shoulder arthroplasty (RSA) has shownmore reliable
outcomes with improvement in pain and shoulder function
[13, 26].

Current information about RSA for CTA is primarily
based on single-center studies with a small number of
patients, which limits their ability to identify patients who
have an increased risk of revision or a worse functional
outcome [1, 4, 6, 7, 9, 15, 20, 23-25].

By using data from a large nationwide arthroplasty
registry, we asked the following questions: (1) What is the
estimated 10-year cumulative revision rate after reverse
shoulder arthroplasty for cuff-tear arthropathy, and what
factors are associated with the risk of revision? (2) What is
the patient-reported outcome 1 year after surgery, and what
factors are associated with a worse patient-reported
outcome?

Patients and Methods

Data Source

The Danish Shoulder Arthroplasty Registry is financed by
the Danish counties and is independent of commercial
interests. It was established in 2004 and since 2006,
reporting has been mandatory for all Danish hospitals and
private clinics performing shoulder arthroplasty. Data
related to the patient and the operation are reported by
the surgeon online at the time of the operation. Every year,
the completeness of reporting is calculated by comparing
the number of arthroplasties collected by the Danish
Shoulder Arthroplasty Registry with the number of
arthroplasties collected by the National Patient Register,
which is an administrative dataset used by the Danish
healthcare authorities to reimburse expenses for any hos-
pitalization including shoulder arthroplasty surgery. The
completeness is above 90% each year and was 93% for the
entire study period for both primary and revision arthro-
plasties [5]. Each Danish citizen is given a unique civil
registration number at the time of birth or immigration.
This number was used to accurately link the primary pro-
cedure to the revision arthroplasty and to track patients who
died or emigrated during the study period. Data reporting
was checked manually.

The Danish Shoulder Arthroplasty Registry collected
information on 8930 shoulder arthroplasties from January
1, 2006 to December 31, 2015, 1699 of which were RSAs.
A total of 1203 arthroplasties were used to treat CTA, 323
were for rheumatoid arthritis, 2882 were for osteoarthritis,
4088 were for fracture, and 245 were for avascular necro-
sis. In 154 arthroplasties, the diagnosis was reported as
“other” and in 35 arthroplasties, information about the di-
agnosis was missing. Of the 1203 arthroplasties to treat
CTA, 950 were RSAs, 105 were resurfacing hemi-
arthroplasties, and 135 were stemmed hemiarthroplasties.
Five arthroplasties were reported as “other,” and for eight
arthroplasties, information on the arthroplasty type was
missing. Thus, for the present study, 950 RSAs performed
to treat CTA were eligible. The mean age was 73 years
(range 43-95 years). Fourteen percent (133 of 950) of the
patients were younger than 65 years, and 62% (590 of 950)
were women. Twenty-six percent (244 of 950) of the
patients had previously undergone non-arthroplasty of the
same shoulder. The number of RSAs increased from 2006
to 2016 (Fig. 1). Sixteen percent (147 of 950) of the
arthroplasties were performed from 2006 to 2009, 33%
(316 of 950) were performed from 2010 to 2012, and 51%
(487 of 950) were performed from 2013 to 2015. Eighty-
three percent (782 of 950) used the Delta Xtend (Depuy,
Leeds, UK) and 11% (106 of 950) used the Delta Mark III
(Depuy, Leeds, UK). Six percent (62 of 950) were recorded
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as “other.” Fourteen percent (131 of 950) of the patients
died during the study period.

Revision

Revision was defined as the exchange or removal of any
component. The arthroplasty revision rates were calcu-
lated from revisions reported to the Danish Shoulder
Arthroplasty Registry up to December 31, 2015 and by
checking deaths and emigration with the Danish
National Register of Persons. The surgeon reported the
indication for revision at the time of the revision
procedure.

Patient-reported Outcome Measures

The patient-reported outcome was assessed by a postal
survey at 12 months (range 10-14 months) post-
operatively using the Western Ontario Osteoarthritis of
the Shoulder (WOOS) index [14]. The WOOS is a
patient-administered questionnaire that measures the
quality of life of patients with glenohumeral osteoar-
thritis. The questionnaire consists of four domains
(physical symptoms, sports/recreation/work, lifestyle,
and emotion). A VAS score that ranges from 0 to 100 is

used for each question. There are 19 questions, giving a
total score ranging from 0 to 1900, with 1900 being the
worst. For simplicity of presentation, the raw scores were
converted to a percentage of the maximum score, with
100 being the best. We used a Danish version of the
WOOS that has been translated according to the guide-
lines of Guillemin et al. [11] and validated using classical
test theory [19]. There is no defined minimal clinically
important difference of the WOOS, but the Danish
Shoulder arthroplasty registry has for many years regar-
ded an arbitrary difference of 10 or above as being clin-
ically relevant. In case of revision or death within 1 year
of the operation, the WOOS questionnaire was not sent to
the patient. In case of revision later than 1 year after the
operation, the WOOS score was recorded as usual and
included in the analysis. Thus, 4% (34 of 950) of the
patients died, emigrated, or underwent revision surgery
within the first year. Of the remaining 96% (916 of 950)
patients, 71% (654 of 916) returned a complete ques-
tionnaire, 1% (9 of 916) returned an incomplete ques-
tionnaire, and 27% (253 of 916) did not respond.

Statistical Analysis

The Kaplan–Meier method was used to illustrate the un-
adjusted cumulative revision rates. A log-rank test was

Fig. 1 The numbers of Delta Mark III (blue), Delta Xtend (green) and other arthroplasty
models (beige) from 2006 to 2015 are shown.
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used to compare the implant survival rates in different age
groups. A Cox proportional hazards regression model was
used to calculate hazard ratios, with 95% confidence
intervals when subgroups were compared. Gender,
arthroplasty model, age group (65 years or younger or older
than 65 years, based on the Danish retirement age), period
of surgery (2006 to 2009, 2010 to 2012, and 2013 to 2015)
and previous non-arthroplasty surgery of the same shoulder
were included in the model. Log-log plots and Schoenfeld
residuals were used to check that the proportional hazards
assumption was fulfilled. The inclusion of patients with
bilateral procedures violates the assumption of in-
dependence. However, this may have little practical con-
sequence in implant survival analyses [17]. By using the
Kaplan-Meier method and the Cox proportional hazards
regression model we also ignored the risk of competing
risk. The time to revision did not follow the assumption of
normal distribution and was therefore given as median and
interquartile range. A general linear model was used to
compare subgroups with regards to the WOOS. Gender,
arthroplasty model, age group (65 years or younger or older
than 65 years), period of surgery (2006 to 2009, 2010 to
2012, and 2013 to 2015) and previous non-arthroplasty
surgery of the same shoulder were included in the model.
The analysis was performed using SPSS version 22.0 (IBM
Corp., Armonk, NY, USA). The level of statistical signif-
icance was set at p < 0.05, and p values were two-tailed.

Results

Revision

The estimated 10-year cumulative revision rate was 8.5%
(95% CI, 5.8% to 11.2%) (Fig. 2), with differences between
theDeltaXtend andDeltaMark III (Fig. 3) and betweenmen
and women (Fig. 4). After controlling for potential con-
founding variables such as gender, previous surgery,
arthroplasty model, age groups, and period of surgery, we
found the risk of revision was higher with the Delta Mark III
than with the Delta Xtend (hazard ratio 2.7; 95% CI, 1.3 to
5.4; p < 0.01) and higher inmen than in women (hazard ratio
2.7; 95% CI, 1.6 to 4.7; p < 0.01). We found no differences
in the risk of revision for age groups, previous surgery, and
period of surgery (Table 1). Thirty-three percent (19 of 57)
of the arthroplasties were revised to treat dislocation and
32% (18 of 57) were revised to treat periprosthetic joint
infection (Table 2), with differences between genders
(Table 3) and between arthroplasty models (Table 4). The
median time to revision was 5 months (IQR 1 to 22 months)

Patient-reported Outcome

After controlling for confounding variables, only previous
surgery was associated with a worse WOOS score (mean

Fig. 2 This Kaplan Meier survival curve shows an estimated revision rate of 8.5% (95% CI,
5.7% to 11.3%) for all RSAs.
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difference -10.6; 95% CI, -15.2 to -5.9; p < 0.01), which
also exceeded the clinically relevant difference. There were
no associations between a worse score and gender,
arthroplasty model, age groups, or period of surgery
(Table 5).

Discussion

Previous studies have documented that RSA for CTA is
associated with pain relief and improved shoulder func-
tion, but they have not been able to identify patients who
have an increased risk of revision or a worse functional
outcome [1, 4, 6, 7, 9, 15, 20, 23-25]. By using a na-
tionwide cohort of patients treated with RSA for CTA, we
found that men and patients who were treated with the
Delta Mark III had a higher risk of revision and that
patients who have had previous non-arthroplasty surgery
of the same shoulder had a worseWOOS score 1 year after
surgery.

Methodological considerations and limitations

The lack of a preoperative WOOS score prevents an as-
sessment of improvement in functional outcome after

surgery, and a 1-year follow-up of patient-reported out-
come may not be adequate in clinical studies. In general,
Clinical Orthopaedics and Related Research® dis-
qualifies the use of scores in clinical studies if those scores
are obtained only after surgery or if the follow-up duration
is shorter than 2 years. In this case, these patients were
retained because they allowed us to gain some insight into
risk factors contributing to poorer scores after surgery.
Furthermore 29% of the patients did not return the WOOS
questionnaire. The consequences are unknown, but a
previous study from the Danish Shoulder Arthroplasty
Registry showed that non-responders had similar char-
acteristics to responders [16].

The Danish Shoulder arthroplasty registry uses the
Kaplan-Meier method to illustrate revision rates, and it is
important to consider that some patients had a short
follow-up time and that the curves only show the esti-
mated and not the actual revision rate 10 years after sur-
gery. Furthermore, whether to use the Kaplan Meier
method or other methods such as the cumulative in-
cidence method is controversial [3, 17, 22]. Fourteen
percent of the patient died during our study period, which
always precludes the occurrence of a subsequent revision.
This introduces competing risk to the Kaplan Meier
method, and as a consequence, the revision rates will be
overestimated [17]. When a patient is contemplating

Fig. 3 Kaplan Meier survival curves show an estimated revision rate of 21.0% (95% CI, 11.8%
to 30.8%) for Delta Mark III (blue) and 5.5% (95% CI, 3.7% to 7.3% for Delta Xtend (green).
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arthroplasty surgery it is adequate to consider what hap-
pens during the lifetime of that patient. When doing so,
the Kaplan Meier method seems adequate because the
patients will be alive until the arthroplasty fails. For this

reason, statisticians have argued that from a patient’s
point of view, the Kaplan Meier method gives a logical,
understandable, and clinically relevant estimate of the
revision rates [10, 17, 22]. The Danish Shoulder arthro-
plasty registry uses the Cox proportional hazards re-
gression model to report risk factors for revision that,
similar to the Kaplan Meier method, is associated with
competing risk. Other statistical methods such as the Fine
and Gray model have been suggested, but they have also
been criticized. A recent study [18] used data simulation
with estimates from the Swedish Knee arthroplasty

Fig. 4 KaplanMeier survival curves show an estimated revision rate of 13.1% (95%CI, 7.1% to
19.1%) for men (blue) and 6.0% (95% CI, 3.0% to 9.0% for women) (green).

Table 1. Risk of revision for subgroups in the Cox regression
analysis

Risk factor Hazard ratio (95% CI) p value

Gender

Women 1.0 (reference)

Men 2.74 (1.59 to 4.73) < 0.01

Age

$ 65 years 1.0 (reference)

< 65 years 1.16 (0.57 to 2.34) 0.69

Previous surgery

No 1.0 (reference)

Yes 1.26 (0.72 to 2.22) 0.42

Arthroplasty model

Delta Xtend 1.0 (reference)

Delta Mark III 2.68 (1.34 to 5.36) < 0.01

Year of surgery

2013-2015 1.0 (reference

2006-2009 1.73 (0.75 to 3.97) 0.20

2010-2012 1.70 (0.89 to 3.25) 0.11

Table 2. Indications for revision (n = 57)

Indication
Percentage of primary

arthroplasties
Percentage of revision

arthroplasties

Women, n = 23;
men, n = 34

Women, n = 23;
men, n = 34

Implant
dislocation

2% (n = 19) 33% (n = 19)

Infection 1.9% (n = 18) 32% (n = 18)

Loosening 0.3% (n = 3) 5% (n = 3)

Technical
failure

0.6% (n = 6) 11% (n = 6)

Others 1.2% (n = 11) 19% (n = 11)

Total 6% (n = 57) 100% (n = 57)

1094 Baram et al. Clinical Orthopaedics and Related Research®

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



registry to report the theoretical effects of the Cox pro-
portional hazards regression model and Fine and Gray
model on the studied risk factors (age, gender, and
arthroplasty type). The authors concluded that the esti-
mates of the Fine and Gray models were misleading and
recommended the use of a Cox proportional hazards re-
gression model in analyzing arthroplasty registry data.

Risk of Revision

The risk of revision was higher in men than in women.
Recently published data from the Nordic Arthroplasty
Register Association showed that men had a risk ratio for
revision of 3.8 (95%CI, 2.4 to 6.1) compared with women
after RSA. The study also found that 0.9% of women and
5% of men underwent revision because of infection [12].
In our study, 32% of the revisions were done to treat
periprosthetic joint infection, and a higher prevalence of
infection seems to be one of the main factors for the higher
revision rate in men than in women. The higher preva-
lence of infection in men is potentially related to abundant
colonization with Cutibacterium acnes. The Delta Mark
III had a higher risk of revision than did the Delta Xtend.
This confirms the results of a previous study describing

that the Delta Mark II has a poor design and mechanical
properties [25]. The higher risk of revision could also be
related to an early learning curve of the RSA procedure;
however, the year of surgery did not have an effect on the
revision rate. The Delta Mark III is no longer on the
market. The later-introduced Delta Xtend has a low re-
vision risk, which is similar to the results reported by the
Australian Joint Registry [2].

Patient-reported Outcome

Not surprisingly, previous surgery of the same shoulder
was associated with a worse patient-reported outcome.
It confirms the results reported by Frankle et al. [9].
They included 25 patients who previously had non-
arthroplasty surgery and compared their outcome with
the outcome of 35 patients without previous surgery
and found a difference in American Shoulder and
Elbow Surgeons score in favor of patients without
previous surgery. The reason for the worse outcome is
unknown. It may be related to colonization with
Cutibacterium acnes, stiffness caused by limited use of
the shoulder for a long period of time, or formation of
scar tissue.

Table 3. Indications for revision in men and women

Indication
Percentage of primary
arthroplasties in men

Percentage of revision
arthroplasties in men

Percentage of primary
arthroplasties in women

Percentage of revision
arthroplasties in women

Implant
dislocation

3.9% (14) 41% (14) 0.8% (5) 22% (5)

Infection 3.1% (11) 32% (11) 1.2% (7) 31% (7)

Loosening 0.6% (2) 6% (2) 0.7% (4) 17% (4)

Technical
failure

0.6% (2) 6% (2) 0.2% (1) 4% (1)

Others 1.4% (5) 15% (5) 1.0% (6) 26% (6)

Total 9.4% (34) 100% (34) 3.9% (23) 100% (23)

Table 4. Indications for revision for the Delta Mark III and Delta Xtend

Indication

Percentage of primary
arthroplasties for
Delta Mark III

Percentage of revision
arthroplasties for
Delta Mark III

Percentage of primary
arthroplasties for

Delta Xtend

Percentage of revision
arthroplasties for

Delta Xtend

Implant
dislocation

1.9% (2) 11% (2) 2.2% (17) 44.7% (17)

Infection 8.5% (9) 50% (9) 1.2% (9) 23.7% (9)

Loosening 2.8% (3) 17% (3) 0.4% (3) 7.9% (3)

Technical
failure

0% (0) 0% (0) 0.4% (3) 7.9% (3)

Others 3.8% (4) 22% (4) 0.8% (6) 15.8% (6)

Total 17% (18) 100% (18) 4.9% (38) 100% (38)
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Conclusion

The results from the present study can be used to inform
patients about their individual risk of revision or a disap-
pointing functional outcome. The study also demonstrates
the need for proper patient selection and attention to
technical details to reduce the risk of revision, especially
formen. Our follow-up timewas, however, short, with only
an estimate of the 10-year revision rate, and future studies
with a long-term follow-up are needed to confirm our
results.
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