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 � National registries provide useful information in under-
standing outcomes of surgeries that have late sequelae, 
especially for rare operations such as total elbow arthro-
plasty (TEA).

 � A systematic search was performed and data were com-
piled from the registries to compare total elbow arthro-
plasty outcomes and evaluate trends. We included six 
registries from Australia, the Netherlands, New Zealand, 
Norway, the United Kingdom and Sweden.

 � Inflammatory arthritis was the most common indication 
for total elbow arthroplasty, followed by acute fracture 
and osteoarthritis. When comparing 2000–2009 to 2010–
2017 data, total elbow arthroplasty for inflammatory 
arthritis decreased and total elbow arthroplasty for frac-
ture and osteoarthritis increased. There was an increase in 
the number of revision TEAs over this time period.

 � The range of indications for total elbow arthroplasty is 
broadening; total elbow arthroplasty for acute trauma 
and osteoarthritis is becoming increasingly more com-
mon. However, inflammatory arthritis remains the most 
common indication in recent years. This change is accom-
panied by an increase in the incidence of revision surgery.
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Introduction
Despite technical improvements over the past 40 years, 
the long-term clinical results after total elbow arthroplasty 
(TEA) are not comparable to those of hip and knee 

arthroplasty.1,2 The number of TEAs placed annually is less 
than that of total hip or total knee arthroplasties (THA, TKA); 
in the United Kingdom the incidence of TEA was 612 in 
2017 compared to 91,698 for THA and 102,177 for TKA.3

In arthroplasty, it is difficult to identify meaningful 
trends without large cohorts of patients. This is especially 
true for TEA as the incidence is low. TEA is included in few 
national registries and has been added more recently 
compared to THA and TKA. Moreover, disparities exist 
between cohort studies. For example, two large studies at 
tertiary academic medical centres in the USA reported 
implant survival of between 60% and 95%.4,5 National 
arthroplasty registries are therefore a valuable data source 
when patient demographics, the number of arthroplast-
ies, indications for arthroplasty and several outcome 
measures are recorded.

Many articles have been published on the indications 
and outcomes of TEA, but large reviews, meta-analyses, as 
well as systematic pooling of data of national registries are 
sparse.1,6,7 Therefore, we sought to perform a systematic 
review of the data from available national registries and 
compare the indications for TEA and revision surgery rates 
between 2000 and 2017. We tested the null hypothesis 
that there is no difference in indications for primary TEA 
and number of TEAs that underwent revision surgery 
between 2000–2009 and 2010–2017.

Methods
Literature search

A systematic search was performed using internet search 
engines (Google, Alphabet Inc., Mountain view, California, 
USA) and PubMed (US national library of medicine, Rock-
ville Pike, Bethesda, Maryland, USA) for all national joint 
replacement registries that included elbow arthroplasty. 
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The MeSH terms that were searched included elbow, elbow 
joint, joint prosthesis, arthroplasty, replacement and regis-
tries, and additional terms were elbow replacement, elbow 
arthroplasty, elbow prosthesis, national and national regis-
try. The reference lists of the included articles were manu-
ally checked to avoid missing relevant registries.

Inclusion and exclusion criteria

All national registries that reported original data on TEAs 
were included. Independent databases studies, local reg-
istries or registries that included elbow surgery later than 
2017, were excluded.

Data extraction

From the included databases, data were extracted from 
the annual or periodical reports. From the websites of 
national orthopaedic associations and their annual reports 
meta-data on the registries was gathered. The indications 
were divided into five categories: acute fracture, primary 
osteoarthritis, inflammatory arthritis, post-traumatic seque-
lae and other. The category acute fracture was defined as 
all categories specifying acute trauma or acute fracture 
without other cause. Primary osteoarthritis was defined as 
degenerative disease without other cause. Inflammatory 
arthritis was defined as all primary inflammatory causes 
and almost completely consisted of rheumatoid arthritis. 
In the category post-traumatic sequelae, we included all 
secondary-trauma-related reports, including secondary 
osteoarthritis, late trauma complications and trauma seq-
ualae. All other indications were included in the category 
other. Neoplasms and necrosis were added to other as 
occurrences were rare. Data were grouped into the time 
periods 2000–2009 and 2010–2017 for comparison of 
indications for TEA and revision surgery rates.

Twelve national joint replacement registries were iden-
tified, registries from Canada, Denmark and Iran did not 
include elbow arthroplasties and The American Joint 

Replacement Registry (USA) only included elbow arthro-
plasty starting in 2018. Scotland did not report any specif-
ics on TEA and Finland did not publish reports. We 
included registries from Australia (AUS), the Netherlands 
(NL), New Zealand (NZ), Norway (NOR), the United King-
dom (UK) and Sweden (SE) and included patients from 
1994–2017 (Table 1).

Risk of bias was assessed for each registry. All were 
large databases without comparison or analysis and the 
reported data were validated with hospital records to 
assess completeness. Data on completeness rate was col-
lected from the latest reports and was higher than 90% in 
all registries that disclosed completeness. Risk of bias was 
determined to be low.

In the Netherlands, TEA was included starting from 
2014. The Australian Orthopaedic Association reported 
data from 2004 but lacked annual reports. The United 
Kingdom included data from England, Northern Ireland, 
Wales and the Isle of Man. Scotland’s national registry 
included elbow surgery but did not report indications 
for TEA. The New Zealand registry did not differentiate 
between acute fracture and secondary-trauma-related 
diagnoses, the category trauma from this registry was 
added to acute fracture. All registries published periodical 
reports at least yearly.

New Zealand, Norway and Sweden included data from 
2000, and these three registries were used to make a com-
parison between the time periods 2000–2009 and 2010–
2017. Some data could not be compared, for example 
due to initial diagnoses being categorized differently or 
different collection of patient-related outcomes. None of 
the registries reported any outcome measures per indica-
tion for surgery, therefore we were unable to compare 
surgery outcomes between the categories. Only the regis-
tries from Sweden (QuickDash) and New Zealand (Oxford 
Elbow Score) included specific measures evaluating elbow 
outcomes.

Table 1. Included registries.

Year Organization Obligatory Source Patient 
consent

Validation Completeness Reference Outcome

United Kingdom
http://www.njrreports.org.uk

2012-2017 NJR No Annual 
report

Yes Yes 95% 8 Revision, 
Mortality

Australia
https://aoanjrr.sahmri.com

2004-2017 AOANJRR No Annual 
report

No Yes 94% 9 Revision

Norway
http://nrlweb.ihelse.net

1994-2017 NRL No Annual 
report

Yes Yes 97% 10 Revision

New Zealand
https://nzoa.org.nz

1999-2017 NZOA Yes Annual 
report

Yes Yes Not reported 11 Revision, 
Oxford 
Elbow Score

Netherlands
www.lroi-rapportage.nl

2014-2017 LROI No Annual 
report

Yes Yes 91% 12 Revision

Sweden
http://www.ssas.se

1999-2017 SSAS No Annual 
report

No Yes > 90% 13 Revision, 
QuickDash

Note. NJR, National Joint Registry; AOANJRR, Australian Orthopaedic Association National Joint Replacement Registry; NRL, Nasjonalt Register for Leddproteser; 
NZOA, New Zealand Orthopedic Association; LROI, Landelijke Registratie Orthopedische Implantaten; SSAS, Svenska Skulder- och Armbågssällskapet.
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Four registries (AUS, NL, NOR, UK; n = 9037) included 
both total elbow arthroplasties and other types of elbow 
arthroplasties (partial arthroplasties). Of all the elbow 
arthroplasties 50% (4511) were TEAs. In the UK, TEA made 
up the biggest portion of all elbow arthroplasties (78%), 
followed by Norway (76%) and the Netherlands (53%). In 
Australia partial arthroplasties were more common than 
TEA (28%) (p < 0.0001). The Swedish and New Zealand 
registries only included TEAs. Overall, a total of 6544 total 
elbow arthroplasties from these six registries were 
included. Analysis was performed including all total elbow 
arthroplasties.

Statistical analysis

Fisher’s exact test was used to compare indication rates 
between the time periods 2000–2009 and 2010–2017. 
Linear regression was used to assess changes in the inci-
dence of revision surgery between 2000–2017. STATA 
software (StataCorp, College Station, Texas, USA) was 
used to perform data analysis. A p-value of < 0.05 was 
considered statistically significant.

Results
Inflammatory arthritis was the most common indication 
for TEA (44%) followed by acute fracture (28%), primary 
osteoarthritis (17%), post-traumatic sequelae (9%) and 
other (2%) (all registries, Fig. 1).

When comparing the time periods 2000–2009 and 
2010–2017 there was a smaller proportion of TEAs perfor-
med for inflammatory arthritis (61% vs. 46%, p < 0.0001) 
and a larger proportion of TEAs performed for acute frac-
ture (23% vs. 38%, p < 0.0001) and primary osteoarthritis 
(5% vs. 8%, p = 0.0004) (Fig. 2).

When comparing geographical regions, the percent-
age of TEAs for primary osteoarthritis in Scandinavian 
countries (3%) was lower compared to other countries 
(27%) (p < 0.0001). Oceanic countries reported few post-
traumatic-related indications for TEA (Australia 1%) or did 
not report post-traumatic sequelae at all (NZ) compared 
to 12% in the other countries (p < 0.0001).

There was an increase in the number of revisions in all 
five registries that included elbow arthroplasty revision 
surgery individually (p < 0.05). When compiling data from 
all five of these countries for 2014–2017, an increase in 
the total amount of elbow revisions could also be identi-
fied from 105 in 2014, 124 in 2015, 174 in 2016 to 169 in 
2017 (p = 0.003) (Fig. 3).

Discussion
The purpose of this study was to assess the changes in 
indications for TEA over the last decade. We observed that 
the proportion of TEA cases performed for rheumatoid 

arthritis was smaller when comparing the time periods 
2000–2009 and 2010–2017. This is possibly related to 
the increase in novel, successful non-surgical treatment 
options for rheumatoid arthritis, such as biologicals.14,15 
The rise in acute fracture as an indication for TEA could be 
explained because some surgeons have espoused TEA as 
an option for fractures of the distal humerus due to the 
possibility of performing the procedure while leaving the 
extensor mechanism intact, leading to faster and easier 
rehabilitation when compared with internal fixation.16

We identified several differences between countries. 
The data suggest that European countries use more TEA 
than partial arthroplasties, while Australia reports much 
lower numbers of TEA surgeries compared to partial 
arthroplasties. A factor that could influence this number is 
the fact that hemi-arthroplasty is currently not approved 
by some regulatory offices such as the Food and Drug 
Administration in the United States, narrowing the options 
for affected radio-capitellar articulation down to conserva-
tive treatment, radial head resection, or TEA.17

Inflammatory
Arthritis
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Fig. 1 Indications for total elbow arthroplasty (N = 6544).
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Fig. 2 Indications for total elbow arthroplasty (Norway, New 
Zealand, Sweden).
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We also identified differences in indications for TEA 
between geographical regions; Scandinavian countries 
reported notably fewer TEAs for osteoarthritis and Oce-
anic countries fewer TEA for post-traumatic indications. 
These differences could be explained by location-dependent 
factors such as surgeon trends, healthcare and insurance 
systems, and infrastructure.

Additionally, we identified an increasing trend in the 
incidence of elbow revision surgery. Considering that the 
population is staying active for longer and patients are 
therefore less inclined to adapt their lifestyle to a prosthe-
sis with limitations, it is likely that this increasing trend will 
continue. This would create a larger demand for surgeons 
specialized in elbow revision surgery. The revision rate of 
TEA could not be compared because for most countries 
incidences were reported separately per year.

Advantages of this study include the large pool of data 
that was used, gathered from several countries, which 
diminished the biases a specific country or region might 
bring – such as insurances, local preferences, high- or 
low-volume centres – and therefore made the overview 
more generalizable to elbow surgery worldwide. With this 
large pool of international data, we were able to create a 
clear and accurate overview.

This review had several limitations. The collection of data 
was limited by the available reports from national registries, 
for example the Australian registry did not separately report 
data from each year. Registries reported the indication for 
TEA in different categories which made it difficult to general-
ize the outcomes, it would be desirable to streamline these 
categories as a step towards international co-operation, 
which could provide more and more accurate data. Data 

collection may differ between registries; therefore, it is dif-
ficult to make a comparison between registries. Only the 
UK and New Zealand used obligatory reporting, for the 
other registries reporting was not mandatory, which may 
compromise completeness of the data. However, all regis-
tries were validated with hospital records and completeness 
was assessed. Of the registries that reported completeness, 
none was below 90%. The only registry that did not report 
on completeness was from New Zealand, but this registry 
did have obligatory reporting. New Zealand and Sweden 
did not include hemi-arthroplasties, which may affect the 
assessment of indications for all elbow arthroplasties. It 
could be possible that this is a factor influencing the low 
rate of TEA for primary osteoarthritis in Scandinavia. How-
ever, the percentage of TEA for osteoarthritis was similar 
in Norway and Sweden (6% and 1%). Many national reg-
istries did not include elbow surgery. Though fewer in 
number compared to hip or knee surgery, data on TEA are 
essential to improve the outcome for this type of surgery. 
None of the registries made a distinction of outcomes 
between indications for surgery. This information could 
point out for which indications TEA is effective and could 
therefore contribute to decision making when considering 
TEA. Many registries included Patient Reported Outcome 
Measures (PROMs) for hip, knee and shoulder surgery, but 
only two included such outcome measures for elbow sur-
gery. PROMs can be an effective tool to assess the success 
of an operation and should therefore be included in natio-
nal registries where possible. Ideally, a single PROM score 
would be used in all registries to facilitate comparison 
between registries and possible contribution to an interna-
tional registry. The Oxford Elbow Score (OES) or the Mayo 
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Elbow Performance Index (MEPI) are popular PROMs, 
and the OES is used by the New Zealand registry for elbow 
outcomes.

Much information can be extracted from national reg-
istries. Nonetheless, there is improvement that could be 
made for comparison between registries. Several national 
registries are not publicly available, and increasing public 
accessibility of more registries would facilitate larger com-
bined studies. The inclusion of elbow surgery in all 
national registries, complete and clear annual reporting, 
using the same categories for indications, reporting of 
outcome measures per indication and the inclusion of 
PROMs in registries could contribute greatly to the availa-
ble knowledge and development of elbow surgery.

A valuable tool to optimize registry effectiveness and 
completeness could be the implementation of an elec-
tronic follow-up system such as the one used by viveen 
et al.18 These improvements could also be the first steps 
towards an international registry such as the Nordic 
Arthroplasty Registry Association (NARA). NARA started as 
a collaboration between registries from Norway, Sweden 
and Denmark in 2007, Finland joined the association in 
2010. A code set was defined for all parameters that the 
registries had in common, which allowed for the merger 
of data and comparison between countries. However, 
because only parameters and data that the registries had 
in common could be included, the merged registry con-
tained fewer parameters and details.19 Since the founda-
tion of NARA, several studies have been performed using 
the common database.20–25 Future collaboration between 
registries could consist of the merger of data to create 
larger databases. To avoid the problem of decreasing 
parameters and details when adding more registries other 
options can be explored. When applying a universal cod-
ing system and universal access without compiling data, 
the integrity of national registries would be preserved 
while allowing studies to be performed on specific param-
eters, including only those registries that specify the 
parameters needed for a particular study. Another option 
would be to convince as many registries as possible to 
start adopting universal categories of parameters, thereby 
increasing the possibility of collaboration without decreas-
ing the total number of parameters. However, questions 
could be raised about the feasibility of this option as some 
countries might have to make changes in their diagnostic 
and reporting systems.

Conclusion
We performed a systematic review of six national regis-
tries including a total of 6544 TEAs. We found that the 
range of indications for TEA is broadening, with TEA for 
acute trauma and osteoarthritis becoming increasingly 
more common. However, inflammatory arthritis remains 

the most common indication for TEA in recent years. 
When comparing geographical regions, we conclude 
that Scandinavian countries report fewer TEAs for osteo-
arthritis and Oceanic countries fewer for post-traumatic 
sequelae. We also observed an increase in the incidence 
of revision surgery.
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