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Background and purpose — The annual number of total knee
arthroplasties (TKAs) has increased worldwide in recent years.
To make projections regarding future needs for primaries and
revisions, additional knowledge is important. We analyzed and
compared the incidences among 4 Nordic countries

Patients and methods — Using Nordic Arthroplasty Register
Association (NARA) data from 4 countries, we analyzed differ-
ences between age and sex groups. We included patients over 30
years of age who were operated with TKA or unicompartmental
knee arthroplasty (UKA) during the period 1997-2012. The nega-
tive binomial regression model was used to analyze changes in
general trends and in sex and age groups.

Results — The average annual increase in the incidence of TKA
was statistically significant in all countries. The incidence of TKA
was higher in women than in men in all 4 countries. It was high-
est in Finland in patients aged 65 years or more. At the end of the
study period in 2012, Finland’s total incidence was double that
of Norway, 1.3 times that of Sweden and 1.4 times that of Den-
mark. The incidence was lowest in the youngest age groups (< 65
years) in all 4 countries. The proportional increase in incidence
was highest in patients who were younger than 65 years.

Interpretation — The incidence of knee arthroplasty steadily
increased in the 4 countries over the study period. The differences
between the countries were considerable, with the highest inci-
dence in Finland. Patients aged 65 years or more contributed to
most of the total incidence of knee arthroplasty.

Total knee arthroplasty (TKA) for severe osteoarthritis (OA)
has good long-term outcomes, and gives greater pain relief
and better functional improvement than non-surgical treat-
ment (Carr et al. 2012, Skou et al. 2015). Good long-term
implant survivorship has resulted in TKA also becoming a
treatment for severe knee OA in younger patients, although
outcomes and implant survivorship have been reported to be
worse than in elderly patients (Lonner et al. 2000, Rand et al.
2003, Price et al. 2010, Julin et al. 2010).

Reported increases in the rate of TKA and estimates of
future demand predict a substantial increase in the incidence
of TKA in many countries (Jain et al. 2005, Kurtz et al. 2007,
Kim et al. 2008, Culliford et al. 2010, W-Dahl et al. 2010a,
Nemes et al. 2015). Both the broadening of indications for
younger patients and the increase in total incidence of TKA
have raised concerns of a possible increase in revision burden
in the long term (Kurtz et al. 2007, Gioe et al. 2007). Dif-
ferences between geographic locations and age groups have
been noted in the incidences of TKA (Katz et al. 1996, Wells
et al. 2002). The major increase in the incidence of TKA has
been found in people born in the period 1946—1964 (the baby-
boomer generation) (Leskinen et al. 2012).

The aim of this study was to analyze trends in the incidence
of TKA and unicompartmental knee arthroplasty (UKA) using
Nordic Arthroplasty Register Association (NARA) data from
between 1997 and 2012, to identify any changes or differences
in (or between) age groups, the sexes, and countries.

© 2017 The Author(s). Published by Taylor & Francis on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-Non-Commercial License (https://creativecommons.org/licenses/by-nc/3.0)
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Table 1. Patient characteristics. Mean age applies to both TKA and UKA. The number of
operations has been divided into age groups. Study period 1997-2012, except for Finland

(2000-2012)

Ethics

Ethical approval for the study was
obtained through the ethical approval

process of each national registry.

Denmark Norway Sweden Finland Total
Mean age (SD)  69.0 (9.5)  69.7 (9.2) 69.8(9.0)  69.0(9.0) Statistics
Females, % 63 66 60 68 We described patient characteristics, cat-
Xg:é:‘gups n (%) 5,395 5,054 12,956 4,282 egorized into sex and age groups, using
) ° . . ..
30-64 21,624 (33) 12,872 (31) 42,084 (30) 30,264 (31) 106,844  descriptive statistics presented as mean
65-74 24,577 (38) 15,751 (37) 53,492 (39)  38,305(39) 132,125  and standard deviation (SD). Incidences
75+ 18,587 (29) 13,412 (32) 43,403 (31) 30,324 (31) 105,726 )
Total 64,788 42,035 138,979 98,893 344605 2rc presented as the number of opera

Patients and methods

The NARA compiles data on 4 Nordic countries that have sim-
ilar organization of healthcare and comparable patient charac-
teristics (Table 1). The NARA has information on the TKAs
and UKAs performed in Denmark, Norway, and Sweden from
1997 through 2012 and in Finland from 2000 through 2012.

The knee arthroplasty registries of Sweden (SKAR) and
Denmark (DKR) and the arthroplasty registries of Norway
(NAR) and Finland (FAR) participated in the present study.
All 4 registries have used individual-based registration of
operations and patients. A minimal NARA dataset was cre-
ated to contain data that all 4 registries could deliver, but for
administrative reasons the Finnish Arthroplasty Register has
been able to provide Finnish data according to the NARA data
definitions from the beginning of 2000. A pilot study carried
out from NARA data did not include FAR data and it did not
have an age cutoff (Robertsson et al. 2010). The NARA data-
base includes data on the patients that enable TKA and UKA
incidence analyses, i.e. patient-level data on both demograph-
ics and implant types.

Selection and transformation of the respective datasets and
de-identification of the patients, which included deletion of
the national civil registration numbers, were performed within
each national register. The anonymous data were then merged
into a common database. Because of the small number of
patients aged 30 years or less who were operated, in the pres-
ent study we only included patients aged 30 years or more
who had undergone a TKA or UKA surgical procedure due to
primary osteoarthritis of the knee.

The data were treated with full confidentiality, according
to the regulations of the respective countries. This included
restricted access to the common database, which was limited
to the authors of the present paper. The quality of data in the
Nordic registries is high, and the registries have both national
coverage and a high degree of completeness (annual reports
2015: Danish Knee Arthroplasty Register, Norwegian Arthro-
plasty Register, Swedish Knee Arthroplasty Register, Finnish
Arthroplasty Register) (Arthursson et al. 2005, Espehaug et
al. 20006).

tions performed per 104 of population.
Age was categorized into 3 groups: < 65
years, 65-74 years and > 75 years. We
analyzed trends in the general incidence
of TKAs and UKAs in Denmark, Norway, and Sweden from
1997 to 2012 and in Finland from 2000 to 2012. The inci-
dence was calculated as incidence density, which is defined
as the number of new cases in a population during a given
time period relative to the sum of the person-time values of
the at-risk population. Negative binomial regression was used
to estimate the incidence rate ratios (IRRs) and the 95% con-
fidence intervals (CIs) of UKAs and TKAs for each country
because of evidence of overdispersion of data. IRR reports
the estimated average annual increase of incidence. Analyses
were stratified by sex and age group. The statistical analyses
were conducted with SPSS 22.0 and Stata 8.2 software.

Results
Patient characteristics

385,310 primary knee arthroplasties were registered in the
4 countries during the study period. During this period, we
observed an increase in OA from 84% to 90% and simultane-
ously a decline in rheumatoid arthritis from 10% to 4% as
indication for knee arthroplasty. Of these operations, 317,008
TKAs and 27,687 UKAs were performed for knee OA in
patients aged 30 years or more. Female patients represented
202,940 (64%) of the TKA cases and 15,778 (57%) of the
UKA cases. The mean age of the patients was 70 years (SD
9.0) in the TKA group and 65 years (SD 9.4) in the UKA
group (Table 1).

Incidence of knee arthroplasty (TKA and UKA)

In all 4 countries, the incidences of knee arthroplasty increased
during the study period (Figure 1). At the beginning of the
study, the incidences were 3.4 in Denmark, 3.6 in Norway, 9.0
in Sweden, and 13 in Finland per 10,000 population. At the
end of the study, the incidences were 21 in Denmark, 14 in
Norway, 21 in Sweden, and 28 in Finland per 10,000 popula-
tion. The relative change in incidence of knee arthroplasty was
6.0-fold in Denmark, 3.9-fold in Norway, 2.3-fold in Sweden,
and 2.1-fold in Finland from the start of the study to the end.
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Figure 1. Total incidence of TKA and UKA by
year of operation in patients aged 30 years or
more. Incidences are shown per 10,000 inhab-
itants. The incidence in Denmark is estimated
to include 10-15% underestimation between
1997 and 2007 due to lower completeness.

10,000 inhabitants.

Table 2. Negative binomial regression analysis. Incidence rate ratios
(IRRs) with 95% confidence intervals

Incidence of TKA in men per 10,000 inhabitants

L B e e S B B B B B
1998 2000 2002 2004 2006 2008 2010 2012

Figure 2. Incidence of TKA in males aged
30 years or more. Incidences are shown per

Arthroplasty Male Female
Age, years IRR  95% CI IRR  95% CI
Denmark
TKA 30-64 117 1.14-1.19 1.15 1.13-1.17
UKA 30-64 1.26 1.20-1.32 1.24 1.17-1.30
TKA 65-74 1.08 1.04-1.13 1.12  1.10-1.13
UKA 65-74 1.25 1.18-1.31 1.20 1.16-1.24
TKA 75+ 1.12  1.10-1.13 1.10 1.08-1.12
UKA 75+ 20 1.14-1.26 1.1 1.11-1.17
Norway
TKA 30-64 1.14-1.18 113 1.12-1.15
UKA 30-64 . 1.07-1.19 1.11  1.05-1.18
TKA 65-74 111 1.10-1.13 1.08 1.07-1.09
UKA 65-74 1.12 1.08-1.16 1.07 1.01-1.13
TKA 75+ 1.09 1.08-1.10 1.06 1.04-1.07
UKA 75+ 1.09 1.05-1.14 1.02 0.96-1.06
Sweden
TKA 30-64 1.15 1.13-1.16 113 1.11-1.14
UKA 30-64 1.02 0.99-1.05 1.00 0.98-1.02
TKA 65-74 1.07 1.06-1.09 1.05 1.04-1.07
UKA 65-74 0.93 0.92-0.94 0.91 0.90-0.92
TKA 75+ 1.07 1.06-1.08 1.05 1.04-1.05
UKA 75+ 0.90 0.89-0.91 0.88 0.87-0.89
Finland
TKA 30-64 113 1.11-1.16 111 1.09-1.14
UKA 30-64 10.5 0.99-1.11 1.02 0.95-1.09
TKA 65-74 1.04 1.02-1.06 1.02 1.00-1.04
UKA 65-74 0.99 0.91-1.06 0.96 0.92-1.00
TKA 75+ 1.04 1.03-1.06 1.03 1.01-1.05
UKA 75+ 0.99 0.92-1.06 0.95 0.90-1.00

The relative change in incidence of UKA was 10-fold in
Denmark, 1.5-fold in Finland, 7.1-fold in Norway, and 0.5-
fold in Sweden from the start of the study to the end.

Incidence of TKA in women per 10,000 inhabitants
40
Denmark
Norway

—— Sweden
~— Finland

35

30

25

20

1998 2000 2002 2004 2006 2008 2010 2012
Year of operation Year of operation

Figure 3. Incidence of TKA in females aged
30 years or more. Incidences are shown per
10,000 inhabitants.

During the study period, the estimated average annual
increase in the incidence of TKA by age groups and sex was
statistically significant in all countries, with the exception
of Finnish females aged 65-74 years (IRR = 1.02, 95% CI:
1.00-1.03) (Table 2). IRR was highest in the youngest age
group in both sexes and a decreasing trend was detected as
age increased. Females had lower IRRs, except in Denmark in
patients aged 65—74 years. A statistically significant decrease
in UKAs was detected in Sweden in patients who were 65
years or more, whereas in Denmark and in Norway there was
a significantly higher annual incidence of UKA in all age
groups—except for UKAs in women aged 75 years or more in
Norway. There was no significant change in the annual inci-
dence of UKA over the study period in Finland, in men or
women of any age group (Table 2).

Incidence by sex

The incidences of TKA according to sex are shown in Fig-
ures 2 and 3. The incidence was higher in women than in men
in all 4 countries. At the end of the study period, the inci-
dences of TKA were 9.1 in Denmark, 11.0 in Norway, 18.2
in Sweden, and 20.9 in Finland per 10,000 men—giving a
relative change of 4.2-fold in Denmark, 5.9-fold in Norway,
2.8-fold in Sweden, and 2.7-fold in Finland from the start of
the study to the end. In women, the incidences of TKA were
22.6 in Denmark, 15.7 in Norway, 22.5 in Sweden, and 32.8
in Finland per 10,000 women at the end of the study, and the
relative change was 5.2-fold in Denmark, 3.1-fold in Norway,
2.4-fold in Sweden, and 1.9-fold in Finland from the start of
the study to the end.

The incidence of UKA was higher in Sweden in both men
and women at the start of the study than at the end of the study,
whereas in the other 3 countries the incidence of UKA was
higher at the end of the study than at the start of the study
(Figures 4 and 5).
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Figure 4. Incidence of UKA in males aged
30 years or more. Incidences are shown per

10,000 inhabitants. 10,000 inhabitants.

Incidence by age group

The incidence of TKA was highest in Finland in patients aged
65 years or more. The total incidence was lowest in the young-
est age group in all countries. The incidence was higher at the
start of the study than at the end in all age groups (Figure 6).

Discussion

We found that the total incidence, comprising both TKAs and
UKAs, increased in all countries and the trends of increase
were comparable between countries. The increase in surgical
procedures in Finland from 2004 to 2006 may be explained by
the coming into force of a new social and healthcare regulation
that instructed hospitals to shorten patient waiting times for
surgery. Despite having comparable socioeconomic situations
and healthcare systems, differences in the incidence of knee
arthroplasty between countries were notable. A pilot study
from the NARA data tested a common dataset and reported
results from the period 1997-2007 (Robertsson et al. 2010).
The present study continued to analyze changes in the inci-
dence of arthroplasty until 2012, based on experience gained
from the pilot study.

The total increase in the number of arthroplasties in all
countries was mainly caused by an increased incidence of
TKA. In Sweden, there was a significant decrease in the inci-
dence of UKA in patients aged 65 years or more. In 3 other
countries, variations in incidences of UKA between groups
were more heterogeneous (Table 2, Figures 4 and 5). The rea-
sons for the changes in incidence of UKA are multifactorial.
Previous studies from national registries have affected UKA
incidences, as most registries show higher overall revision
rates of UKAs than of TKAs (Furnes et al. 2007, Koskinen et
al. 2008, W-Dabhl et al. 2010b). However, there have also been

1998 2000 2002 2004 2006 2008 2010 2012

Figure 5. Incidence of UKA in females aged
30 years or more. Incidences are shown per

1998 2000 2002 2004 2006 2008 2010 2012
Year of operation Year of operation

Figure 6. Incidence of TKA according to age
group. Incidences are shown per 10,000
inhabitants.

studies claiming better clinical outcome from UKA and also
more cost-effectiveness (Slover et al. 2006, Lygre et al. 2010).
Different UKA implant models with a longer learning curve
compared to TKA, indications for primary UKA surgery, and
a higher revision risk than with TKA may explain the differ-
ences in the incidence compared to TKA. The increase in the
incidence of UKA in patients less than 65 years of age may
be explained by the increase in minimally invasive surgery
(MIS), which enables a shorter postoperative stay in hospital.

The 4 countries had comparable populations with regard to
age and sex, and therefore instead of age-standardized data we
analyzed incidence between age groups. Of the 3 age groups,
patients less than 65 years of age had the lowest incidence of
TKA. However, the relative increase in incidence was higher
in that age group than in the other age groups. In recent years,
it appears that the indications have widened to include younger
patients, which has resulted in a proportionally higher increase
in incidence in patients less than 65 years of age, compared to
patients aged 65 years or less (Robertsson et al. 2010, Leski-
nen et al. 2012). Before this, knee arthroplasty surgery was
initially reserved for elderly patients and those with severe
disease (Robertsson et al. 2014), and younger patients with
rheumatoid arthritis. The reasons for increasing incidence
in younger TKA patients may be multifactorial. Increasing
obesity in young people (Kautiainen 2005, Lohmander et al.
2009), participation in contact sports (Driban et al. 2015), and
the introduction of fast-track surgery (which suits younger
patients well) are probable reasons.

The present study had some strengths and limitations. The
major strength was the unique collaboration of 4 national reg-
istries in the creation of a multinational database covering a
large number of patients, which enabled international com-
parisons to reveal possible differences and which might help
to estimate future demands. Furthermore, the completeness
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and validity of data were high in the Nordic countries at the
end of the study period (completeness, NAR: 95%; SKAR:
97%; DKR: 97%; FAR: 96%) (annual reports 2015: Danish
Knee Arthroplasty Register, Norwegian Arthroplasty Regis-
ter, Swedish Knee Arthroplasty Register, Finnish Arthroplasty
Register). Completeness in the DKR was reported to be 89%
in 2007 (Robertsson et al. 2010), which may have caused
10-15% underestimation of incidence in Denmark over the
period 1997-2007. Total relative change in incidence was
highest in Denmark, and that may have been due to the influ-
ence of a lower completeness for the DKR in the early years
of the study period (Table 3). The lack of data on BMI and
other subgroups could also be considered a limitation of the
present study.

The incidence of TKA steadily increased in all participat-
ing countries in this study, which is in line with findings from
other studies (Kurtz et al. 2007, W-Dahl et al. 2010a, Leskinen
et al. 2012). The incidence of knee arthroplasty in females was
found to be greater than that in males in our study, but the
results of previous studies have also shown that the propor-
tion of female patients has decreased with time (Nemes et al.
2015). Moreover, the sex distribution may also vary between
nations (Paxton et al. 2011, Nemes et al. 2015). One study
delivered projections for primary and revision hip and knee
arthroplasty in the United States from 2005 to 2030 (Kurtz
et al. 2007). In that study, the authors predicted that if the
number of total knee arthroplasties performed continues at the
current rate, the demand for primary TKA would be projected
to grow by a factor of 7 by 2030. In another previous study
from the Finnish Arthroplasty Registry, the annual cumulative
incidence of UKA and TKA increased rapidly between 1980
and 2006, especially in patients aged 50-59 years, the so-
called baby-boomer generation (Leskinen et al. 2012). In our
study, the increase in incidence was mainly due to the increase
in incidence of TKAs. This finding is consistent with a study
by W-Dahl et al. (2010a) from the Swedish Knee Arthroplasty
Register, which showed that although the incidence of TKA
has increased in patients under 55 years of age, the incidence
of UKA and high tibial osteotomy (HTO) has decreased. Obe-
sity is also a growing burden in many countries and, as this has
been shown to be a certain risk factor for knee osteoarthritis,
especially in young patients, it may contribute to the increas-
ing demand for TKAs in future (Apold et al. 2014a, b, Silver-
wood et al. 2015).

A previous study has raised concerns about the long-term
outcome of TKAs and the possibility of an increasing revision
burden, because younger age has been associated with a higher
risk of early periprosthetic joint infection and aseptic mechan-
ical failure after TKA (Meehan et al. 2014). In another study,
young age was found to impair the prognosis of TKA and was
associated with increased revision rates for non-infectious rea-
sons (Julin et al. 2010). A comparison study undertaken by the
Norwegian Knee Arthroplasty Register and a United States
arthroplasty registry showed an increased risk of revision in

patients less than 65 years of age compared to patients aged
65 years or older (Paxton et al. 2011). In our study, the pro-
portional growth of TKAs during the study period was highest
in patients who were younger than 65 years. Despite this, the
incidence of knee arthroplasty in the youngest age group was
lower than in patients aged 65 years or more. Based on this
finding, the majority of knee arthroplasties will probably be
performed on elderly patients in the future also. Even though
patients less than 65 years old represented a lower incidence
level than patients who were 65 or older in our study, these
working-age patients should be considered to be an important
subgroup because of their higher physical activity and higher
demands for surgery, and the multifactorial reasons behind the
success of TKA (Keeney et al. 2014, Klit et al. 2014, Parvizi
et al. 2014). An effect on the revision burden can therefore be
anticipated in future.

In summary, the incidence of knee arthroplasty has steadily
increased in the 4 Nordic countries. This increase was caused
by an increase in the incidence of TKA, whereas the incidence
of UKA varied between countries. The proportional increase
in incidence was highest in patients aged less than 65 years.
However, patients who are 65 years or more still comprise the
majority of those who undergo knee arthroplasty, and they are
the main contributory factor to the increase in the total number
of TKA operations.

Study design: MN and AE. Analysis of data and statistics: HH and MN.
Review and interpretation of the results: MN, HH, and AE. Revision and
approval of the final manuscript: MN, KM, OR, AW-D, OF, AF, AP, HS, and
AE.
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