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The Danish Shoulder
Arthroplasty Registry
Special focus on patients with glenohumeral
osteoarthritis

The Danish Shoulder Arthroplasty Reg-
istry (DSR) was initiated in 2004 by
a group of Danish shoulder surgeons.
The purpose was tomonitor and improve
the outcome of shoulder arthroplasty
surgery in Denmark [11]. The registry
is financed by the government and does
not depend on commercial parties. It
has published papers describing the na-
tionwide results of shoulder arthroplasty
for osteoarthritis.

The objective of the present study was
to describe the organization of the DSR
and review DSR publications with a spe-
cial focus on patients with osteoarthritis.
Our hypothesis was that systematic in-
terpretation of registry data can lead to
improvedpatient-reportedoutcomesand
limit the need for implant revision.

Method

The Danish Shoulder Arthroplasty
Registry

The DSR was initiated by a group of
Danish surgeons with support from the
Danish Society of Shoulder and Elbow
Surgery. The registry is owned and fi-
nanced by the five Danish counties. It is
an independent registry but has the same
administrationastheDanishHipArthro-
plasty Registry, the Danish Knee Arthro-
plasty Registry, and the Danish Registry
for Anterior Cruciate Ligament Recon-
struction. The annual budget of the four
registries is approximately €500,000. The
steering committee consists of shoulder

surgeons representing each region in the
country, a statistician, an epidemiologist,
and a shoulder surgeon representing the
Danish Society of Shoulder and Elbow
Surgery. The steering committee is re-
sponsible for defining the strategies and
supervising the annual report.

The coverage, defined as the propor-
tion of hospitals reporting to the registry,
is 100% because reporting is mandatory
for all Danish public and private hospi-
tals. The completeness of reporting is
defined as the number of arthroplasties
reported to the registry compared with
the number of arthroplasties reported
to the National Patient Register—an ad-
ministrative database used by the Danish
health-care authorities to reimburse ex-
penses of any hospital treatment includ-
ing shoulder arthroplasty. Since 2007,
the completeness of reporting has been
well above 90%.

» Surgeons report all data
electronically at the time of the
operation

Surgeons report patient and operative
data electronically at the time of the oper-
ation. The reporting formand thedataset
were revised in 2016. The old and the
new dataset are scientifically compatible.

Patient-reported outcome

The Western Ontario Osteoarthritis of
the Shoulder (WOOS) index at 1 year is

used as patient-reported outcome. The
WOOSisadisease-specificquestionnaire
that measures the quality of life for pa-
tients with glenohumeral osteoarthritis.
There are 19 questions that are answered
on a visual analog scale ranging from 0
to 100. Thus, the total score ranges from
0 to 1900, with 1900 being the worst.
For simplicity of presentation, the total
score is converted to a percentage of the
maximum score, with 100 being the best
[6]. The Danish version of the WOOS
has been translated and cross-culturally
adapted and validated with the use of
classic test theory [12]. TheWOOS ques-
tionnaire is sent to patients by mail and
their answers are handled by the reg-
istry without involving the surgeons. In
the case of revision, death, or emigration
within the first year, the 1-year WOOS
score cannot be obtained. The question-
naire is only sent to the patients once,
without any preoperative assessment or
long-term follow-up.

Arthroplasty survival rate

A revision is defined as removal or ex-
change of any component or the addition
of a glenoid component. The revision is
linked to the primary procedure via of
a unique civil registration number that
is given to all Danish citizens at birth.
The civil registration number is also used
when informationaboutpatientswhodie
or emigrate is obtained from theNational
Registry of Persons. Each patient is in-
cluded in the cumulative survival analysis
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from the date of the primary procedure
until revision, death, emigration, or end
of follow-up.

The revision is reported by the sur-
geon at the time of the procedure and
includes the same variables as the pri-
mary procedure but with additional in-
formation about the date of revision, new
arthroplasty type, and reason for revi-
sion. Until 31 December 2015 it was
possible to report more than one reason
for revision. If more than one reason for
revision is reported, the following hier-
archy is used so that only one reason is
registered: periprosthetic joint infection,
periprosthetic fracture, luxation and in-
stability, loosening, rotator cuff problem,
andotherreasons includingglenoidwear.

The Nordic Arthroplasty Register
Association

Since 2014, the DSR has collaborated
with the national shoulder arthroplasty
registries in Finland, Norway, and Swe-
den in the Nordic Arthroplasty Register
Association (NARA). A common dataset
has been defined based on variables
that all four registries can deliver and
where consensus regarding definitions
and categories has been reached. Revi-
sion—defined as removal or exchange
of any component or the addition of
a glenoid component—is used as out-
come. Currently, there is no patient-
reported outcome in the dataset, but
the WOOS index at 1 year is expected
to be included from 2020. The process
of merging data and the dataset were
described in detail by Rasmussen et al.
in 2016[9].

Statistical analysis

The Kaplan–Meier method was used to
illustrate the unadjusted cumulative sur-
vival rates and the log–rank test was used
for comparison. The univariate andmul-
tivariate cox regression model was used
to calculate hazard ratios (HRs)with 95%
confidence intervals (CIs). A linear re-
gression model was employed to report
the WOOS score when subgroups were
compared.

Results

Patient-reported outcome

We assessed the outcome of 1209 arthro-
plasties for osteoarthritis reported to the
DSR from 2006 to 2010. The mean
WOOS score at 1 year was 78 for
anatomical total shoulder arthroplas-
ties and 66 for hemiarthroplasties. In
a multiple linear regression model, the
difference of 10 (95% CI: 5–15) was
statistically significant (p< 0.001), indi-
cating that total shoulder arthroplasty
should be preferred for osteoarthritis
[15].

The patient-reported outcome of 873
resurfacing hemiarthroplasties for os-
teoarthritis reported to the DSR from
2006 to 2010 was published in 2014.
The mean WOOS score was 67 (range:
0–100). Of these patients, 165 were
55 years or younger. Their mean WOOS
score was 55, which was significantly
lower than for older patients. The au-
thors concluded that the outcome of
resurfacing hemiarthroplasty in younger
patients was worrying [16].

» The outcome of resurfacing
hemiarthroplasty in younger
patients was worrying

The outcome of 1210 resurfacing hemi-
arthroplasties for osteoarthritis reported
to the DSR from 2006 to 2012 showed
that the mean WOOS score was 69 and
25% of the patients had a WOOS score
below 50. Of these patients, 241 were
55 years or younger. Their mean WOOS
score was 55, and 46% had a WOOS
score below 50. Thus, the results could
not support the continued use of resur-
facing hemiarthroplasty [14].

The DSR has observed significant
changes in Danish surgeons’ approach
to patients with osteoarthritis. The
proportion of anatomical total shoul-
der arthroplasty and reverse shoulder
arthroplasty increased from 3% and 7%
in 2006 to 53% and 27% in 2015, re-
spectively. The proportion of resurfacing
hemiarthroplasty decreased from 77%
to 3%. In that period, the mean WOOS

score for patients with osteoarthritis
increased from 62 to 79.

Arthroplasty survival rates

We assessed the outcome of shoulder
arthroplasty for osteoarthritis using data
from the NARA dataset. There were
1587 stemmed hemiarthroplasties, 1923
resurfacing hemiarthroplasties, and 2340
anatomical total shoulder arthroplasties.
The mean follow-up time observed was
4.3 years for stemmed hemiarthroplasty,
4.3 years for resurfacing hemiarthro-
plasty, and 3.1 years for total shoulder
arthroplasty. The 10-year cumulative
survival rates were 0.93, 0.85, and 0.96,
respectively. In the multivariate Cox
regression model, the HR for revision of
stemmed hemiarthroplasty and resur-
facing hemiarthroplastywas 1.4 (95%CI:
1.0–2, p= 0.04) and 2.5 (95% CI: 1.9–3.4,
p< 0.001), respectively, with total shoul-
der arthroplasty as the reference. The
lowest arthroplasty survival rate was
found for patients who were treated with
resurfacing hemiarthroplasty and who
were younger than 55 years (n= 354).
Their 10-year cumulative arthroplasty
survival rate was 0.75. The authors con-
cluded that the results support the use of
anatomical total shoulder arthroplasty
for all ages [10].

» If resurfacing hemiarthro-
plasty is used, revision cannot be
relied on as a fallback

Recently, we compared the 6-year cu-
mulative survival rate of 761 stemless
total shoulder arthroplasties and 4398
stemmedtotalshoulderarthroplastiesus-
ingdata fromtheNARAdataset. Thesur-
vival rateswere0.95and0.96, respectively
(p= 0.77). Loosening of any component
was rare in both arthroplasty types. The
HR for revisionof stemless total shoulder
arthroplastywas 1.00 (95%CI: 0.63–1.61,
p= 0.99), with stemmed total shoulder
arthroplasty as reference. Male gender
(HR= 1.50; 95% CI, 1.06–2.13, p= 0.02)
andprevious surgery (HR= 2.70; 95%CI:
1.82–4.01,p< 0.001)wereassociatedwith
an increased risk of revision. The au-
thors concluded that the short-term sur-
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Abstract
Background. The Danish Shoulder Arthro-
plasty Registry (DSR) was established in 2004.
The purpose of the registry is to monitor and
improve the outcome of shoulder arthroplasty
surgery in Denmark.
Objectives. The objective of this study was
to describe the organization of the DSR and
review published DSR papers with a special
focus on patients with osteoarthritis.
Methods. All Danish public and private
hospitals report to the DSR. Since 2006,
when reporting became mandatory, the
completeness of reporting has been over
90% each year. Surgeons report patient and
operative data electronically at the time of the
operation. The Western Ontario Osteoarthritis
of the Shoulder (WOOS) index at 1 year is

used as patient-reported outcome. A revision
is defined as removal or exchange of any
component or the addition of a glenoid
component. The revision is linked to the
primary procedure with use of a unique civil
registration number, which is given to all
Danish citizens at birth.
Results. The registry has published five papers
focusing on patients with osteoarthritis.
The WOOS score was significantly higher
after anatomical total shoulder arthroplasty
compared with hemiarthroplasty. The WOOS
score after resurfacing hemiarthroplasty
varied and was often disappointing especially
in young patients. The WOOS score after
revision arthroplasty for failed resurfacing
hemiarthroplasty was low and disappointing.

The short- and mid-term survival rates of
anatomical total shoulder arthroplasty were
high for both the stemmed and the stemless
humeral components.
Conclusion. The DSR has recorded significant
changes in Danish surgeons’ approach to
patients with osteoarthritis. Today, anatomical
total shoulder arthroplasty with either
a stemmed or a stemless humeral component
is preferred in most cases.

Keywords
Prosthesis implantation · Humerus ·
Hemiarthroplasty · Revision · Arthritis,
degenerative

Das dänische Schulterendoprothesenregister. Spezieller Fokus auf Patientenmit Omarthrose

Zusammenfassung
Hintergrund. Das dänische Schulterendo-
prothesenregister (DSR) wurde 2004 initiiert.
Die Intention war, die Ergebnisse nach
Schulterendoprothesenimplantationen in
Dänemark zu beobachten und zu verbessern.
Fragestellung. Ziel der vorliegenden Arbeit
war es, den Aufbau des DSR vorzustellen
und die bisher aus dem DSR veröffent-
lichten Artikel mit speziellem Fokus auf
Omarthrosepatienten zusammenzufassen.
Methoden. Alle öffentlichen und privaten
dänischen Krankenhäuser dokumentieren
im DSR. Seit 2006, als die Dokumentation
verpflichtend wurde, liegt die Vollständigkeit
der Berichterstattung jährlich bei über 90%.
Zum Zeitpunkt der Operation werden die
Daten der Patienten und zur Operation elek-
tronisch von den Chirurgen dokumentiert. Der
WesternOntarioOsteoarthritis of the Shoulder

(WOOS) Index ein Jahr postoperativ wird als
Ergebnis nachAngabe des Patienten („patient-
reported outcome“) genutzt. Eine Revision
ist als Wechsel oder Entfernung jeglicher
Prothesenkomponenten oder nachträgliche
Implantation einer Glenoidkomponente
definiert. Die Revision kann mithilfe einer
individuellen Bürgerregistrierungsnummer,
die jedem dänischen Bürger bei Geburt
zugewiesen wird, mit der Primärprozedur
verknüpft werden.
Ergebnisse. Das Register hat 5 Artikel
mit Fokus auf die Omarthrose publiziert.
Der WOOS-Score war nach anatomischer
Schultertotalendoprothese verglichen mit
der Hemiendoprothese signifikant höher.
Der WOOS-Score nach Oberflächenersatz-
Hemiendoprothese war inkonstant und v. a.
bei jüngeren Patienten oft enttäuschend. Der

WOOS-Score nach Revisionsarthroplastik bei
Versagen der Oberflächenersatz-Hemiendo-
prothese war inkonstant und enttäuschend.
Die kurz- und mittelfristigenÜberlebensraten
der anatomischen Schultertotalendoprothese
sind sowohl für die schaftfreie Prothese als
auch für die Schaftprothese hoch.
Schlussfolgerungen. Im DSR zeigen sich
signifikante Änderungen der Behandlung von
Patientenmit Omarthrose durch dänische
Chirurgen. Aktuell wird die Totalendoprothese
mit oder ohne Schaft in den meisten Fällen
bevorzugt.

Schlüsselwörter
Prothesenimplantation · Humerus ·
Hemiarthroplastik · Revision · Arthrose

vival of total stemless shoulder arthro-
plasty was comparable to that of total
stemmed shoulder arthroplasty, but also
that a longer observation time is needed
to confirm whether they would continue
to perform equally [13].

Outcome of revision arthroplasties

The outcome of 107 revision arthroplas-
ties for failed resurfacing hemiarthro-

plasty reported to the DSR from 2006
to 2012 showed a mean WOOS score
of 61. The mean WOOS score after
anatomical total shoulder arthroplasty
for failed resurfacing hemiarthroplasty
was 68, which was significantly lower
than the WOOS score of 79 found
for primary anatomical total shoulder
arthroplasty. Especially patients who
were 55 years or younger had a high
risk of poor outcome with revision

arthroplasty. Their mean WOOS score
was 52 and 62% had a WOOS score
below 50. The authors concluded that
when resurfacing hemiarthroplasty is
used for osteoarthritis, revision cannot
be counted upon as a fallback [14].

Discussion

Publications from the DSR have de-
scribed inferior patient-reported out-
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comes and a high revision rate of resur-
facing hemiarthroplasty compared with
stemmed total shoulder arthroplasty.
Total shoulder arthroplasty is now the
standard treatment for patientswith end-
stage osteoarthritis and an intact rotator
cuff.

Arthroplasty for glenohumeral
osteoarthritis

In Denmark, resurfacing hemiarthro-
plastywas themostcommonarthroplasty
for osteoarthritis until 2012. The reason
for this is unknown but may be related to
concerns about late complications with
glenoid loosening and the promising
early results of resurfacing hemiarthro-
plasty. Levy et al. observed similar
Constant scores for total resurfacing
arthroplasties (n= 39) and resurfacing
hemiarthroplasties (n= 30). They hy-
pothesized that resurfacing arthroplasty
had the advantage of a bone-preserving
design, short operation time, and an easy
revision, should the need for revision
arthroplasty arise, and they recom-
mended resurfacing hemiarthroplasty
for osteoarthritis except in patients with
nonconcentric or saddle-shaped erosion
of the glenoid [5]. A systematic re-
view published in 2009 supported their
results and concluded that resurfac-
ing hemiarthroplasty is a viable option
for shoulder replacement, especially in
young patients [2].

The DSR observed less promising re-
sults with unpredictable and disappoint-
ing patient-reported outcomes as well
as a high rate of revision especially in
young patients. Furthermore, there were
poor patient-reported outcomes of revi-
sion arthroplasty after failed resurfacing
hemiarthroplasty belying the hypothesis
of an easy revision [14, 16]. For the
past 5 years, the DSR has advocated not
using resurfacing hemiarthroplasty for
osteoarthritis.

» The DSR has advocated not
using resurfacing hemiarthro-
plasty for osteoarthritis

According to the DSR, the most com-
mon reason for revision after resurfac-

ing hemiarthroplasty was glenoid wear
[16]. This indicates that the rates of
revision could have been improved if
a glenoid component had been used.
However, glenoid exposure with an in-
tact humeral head is difficult and asso-
ciated with a high risk of neurological
complications [8], and total resurfacing
arthroplasty has only been used in very
fewcasesduring the existence of theDSR.

Anatomical total shoulder arthro-
plasty is now the most common type of
arthroplasty for osteoarthritis in Den-
mark. Data from the DSR and NARA
have shown superior patient-reported
outcomes 1 year postoperatively and low
rates of revision for anatomical total
shoulder arthroplasty compared with
hemiarthroplasty. This supports the
findings and conclusions of a system-
atic review [18] and the guidelines of
the American Academy of Orthopedic
Surgeons [4] recommending anatomi-
cal total shoulder arthroplasty for os-
teoarthritis in patients with an intact
rotator cuff.

In the NARA dataset there was no
difference in short-term survival rates
between stemmed total shoulder arthro-
plasty and stemless total shoulder arthro-
plasty. Very few studies have compared
the two arthroplasty types and none of
them has been able to find any statisti-
cally significant differences in functional
outcome scores [1, 17, 19]. Thus, it seems
that stemmed total shoulder arthroplasty
and stemless total shoulder arthroplasty
perform equally and that the choice of
the humeral component can be based on
the surgeon’s preference. However, this
needs to be confirmedby a large random-
ized clinical trial with long-term follow-
up.

Other national registries have exam-
ined how the method of fixation and
bone morphology of the glenoid can in-
fluence the longevity of the arthroplasty.
TheNewZealand Joint Registry included
1596 total shoulder arthroplasties with
1065 (67%) cemented and 531 (33%)
uncemented glenoid components. The
revision rate was 4.4 times higher for
uncemented glenoid components than
for cemented components [3]. A similar
study was published by the Australian
Joint Registry, in which Page et al. in-

cluded 10,805 total shoulder arthroplas-
ties for osteoarthritis with 7646 (71%)
cemented and 3159 (29%) uncemented
glenoid components. The 10-year cumu-
lative revision rate was approximately 7%
and 22%, respectively. The HR for revi-
sion was 4.77 for uncemented glenoid
components, with the cemented compo-
nent as the reference [7].

Benefits of a national registry

One of the greatest advantages of reg-
istry studies is their ability to undertake
comprehensive long-term follow-up, and
because of the large numbers studied,
differences in arthroplasty survival rates
can be analyzed with sufficient statistical
power. This is rarely possible in ran-
domized clinical trials and longitudinal
studies where the limited number of pa-
tients and the low number of revision
arthroplasties make it difficult to find
anystatistically significantdifferencesbe-
tween arthroplasty types. Furthermore,
because of the large number of patients
studied, it is also possible to estimate
HRs as a measure of the risk of revi-
sion and thereby compare subgroups of
arthroplasty types with adjustment for
gender, age, and other factors that might
influence the riskof revision. Finally, reg-
istry studies can report rare events such
as a specific reason for revision. This
could include the risk of revision because
of infection or the risk of loosening for
anatomical total shoulder arthroplasty.

In registry studies there is no control
over who is included and what type of
arthroplasty is used for a specific indica-
tion, andbecause thepatients arenot ran-
domly allocated, there is the possibility of
different distributions of covariables that
could influence the outcome. Thismakes
registry studies unsuitable for compar-
ing treatment effect between arthroplasty
types. However, the patients in random-
ized clinical trials and longitudinal stud-
ies are often operated on by a few ex-
perienced surgeons and the results can-
not always be reproduced by other sur-
geons. Bycontrast, registrystudiesreport
the outcome of arthroplasty surgery per-
formed by all surgeons on a national or
even multinational level. This adds high
external validity to the registry studies.
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Furthermore, in randomized clinical tri-
als itcanbelaboriousanddifficult tostudy
differences in outcome between arthro-
plasty types in smaller subgroups such
as in young patients.

Methodological considerations

Weacknowledge the limitations inherent
to registry studies. The decision to use
a specific implant typemight be based on
factors that are not recognized by the reg-
istry: comorbidity; functional demands;
glenoid wear; rotator cuff status; and
whether the bone stock of the glenoid
is considered too poor for a glenoid im-
plant. This might lead to selection bias.
Another limitation of the DSR is the lack
of a preoperative WOOS score. Any dif-
ferences in preoperativeWOOS score be-
tween the arthroplasty typesmight influ-
ence the WOOS score at 1 year. Further-
more, notall patients returnedacomplete
WOOS questionnaire, and any system-
atic differences in WOOS between re-
sponders and nonresponders would have

Hier steht eine Anzeige.

K

an influence on the results and their in-
terpretation. Finally, incorrect reporting
maydiminish the accuracy and reliability
of the registry data.

The inclusion of bilateral procedures
in the survival analyses violates the as-
sumption of independency, but this is
probably of minor practical relevance.
Another concern is that when arthro-
plasty survival rates are reported, patients
are censored and no longer at risk of re-
vision if they die or emigrate. This vio-
lates the assumption of competing risk.
The Cox regression model is, however,
recommended when reporting HRs after
arthroplasty surgery. Even so, statistical
limitations are worth considering when
the results are interpreted.

Practical conclusion

4 The Danish Shoulder Arthroplasty
Registry (DSR) has observed sig-
nificant changes in Danish sur-
geons’ approach to patients with
osteoarthritis.

4 The reason for the increased use of
anatomical total shoulder arthro-
plasty is unknown butmay be related
to surgeons’ awareness of clinical
results through annual reports and
peer-review publications from the
DSR.

4 The increased use of anatomical
total shoulder arthroplasty has sig-
nificantly improved the nationwide
outcome of shoulder arthroplasty for
osteoarthritis.

4 Today, we regard anatomical total
shoulder arthroplasty as the gold
standard in the treatment of os-
teoarthritis in patients with an intact
rotator cuff.

4 Information about stemless total
shoulder arthroplasty is sparse, but
this type of arthroplasty seems to
yield similar results to stemmed total
shoulder arthroplasty.
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