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Background and purpose — The prevalence of knee 
joint replacements (KJR) has been less investigated in situ-
ations where the increase in incidence is known. This study 
investigated the annual and population-based prevalence of 
KJR and the relationship between the prevalence of KJRs 
and the incidence of revision surgery.

Patients and methods — All KJRs performed between 
1980 and 2020 were identified from the Finnish Arthroplasty 
Register (FAR). KJR revisions and removals were extracted 
from the FAR and hospital discharge registers and patient 
deaths from Finnish Digital and Population Data Services 
Agency. We analyzed the annual prevalence by dividing the 
number of KJR survivors by the population aged 40 or older. 
The revision burden factor (RBF) was determined by divid-
ing the annual number of revisions by the number of primary 
and revision KJRs in the population. Proportions of bilateral 
implants and patients with older KJRs performed 10 or more 
years earlier were identified.

Results — KJR prevalence in Finland increased by 298% 
between 2000 and 2020, reaching 4.0% in 2020. The pro-
portion of patients with bilateral KJRs and those with older 
KJRs had increased to 37% and 34%, respectively, by 2020. 
The annual RBF decreased statistically significantly from 
1.9% to 0.7% between 1996 and 2020 (proportion ratio, PR 
0.37 [95% CI 0.33–0.42]) and was higher among males (PR 
1.23 [CI 1.20–1.26]).

Interpretation — Although the recent rapid increase in 
KJRs is abating and the RBF is diminishing, it is important 
to take the continuing increase in the prevalence of KJRs 
into account when assessing hospitals’ future resources.

Knee joint replacement (KJR) surgery involves risks such as 
bacterial infection, aseptic loosening, patellar or tibiofemo-
ral instability, polyethylene dislocation, polyethylene wear-
induced osteolysis, and fractures, all of which also often 
require revision surgery. 

In the United States, depending on the modeling method 
used, the need for KJR surgery in 2050 is predicted be 143–
855% higher than in 2012 (1). Other studies have also pro-
jected a substantial increase in the future incidence of KJR 
(2,3). In Finland, the incidence of KJR surgery has increased, 
especially in the younger age groups (4,5).

Incidence is useful in assessing the burden of early revisions. 
However, prevalence may be more important when assessing 
the overall future burden of KJR revisions. The incidence 
of revisions may increase due not only to the increase in the 
number of KJRs, but also to the lower mean age of patients at 
the time of surgery and the longer life expectancy of patients 
with implants. The increasing prevalence of obesity may also 
have an effect on the incidence of KJR revisions by increasing 
both KJR need and infection revision risk (6-8).

Data on the prevalence of KJR is limited (9-11). The only 
statistics not based on mathematical estimates are those that 
have been published annually since 2003 in the Swedish Knee 
Arthroplasty Register. In 2020, the register reported peak 
prevalence at age 80–85 years, with 10% of women and 8% 
of men having received at least one KJR and 25% of patients 
bilateral implants (11). 

By combining data from nationwide registers, we sought to 
determine the annual prevalence of KJRs and revision burden 
in Finland. 
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Patients and methods

All public and private hospitals in Finland are obliged to 
report all arthroplasties to the Finnish Arthroplasty Register 
(FAR) and all surgical procedures to the National Institute for 
Health and Welfare. This study is based on 3 registers: the 
Finnish Arthroplasty Register (FAR), Finnish Hospital Dis-
charge Register (FHDR), both maintained by the National 
Institute for Health and Welfare, and the Finnish Population 
Information System maintained by the Digital and Population 
Services Agency. These registers are regulated by law and 
tests have been performed to ensure their reliability (12-14).

The study population was formed by extracting from the 
FAR all primary total knee replacements (TKRs), unicompart-
mental arthroplasties (UKAs), and patellofemoral arthroplas-
ties (PFAs) reported since 1980. Revision knee replacement 
operations and KJR removals were identified from the FAR 
and from 1996 onwards double checked in the FHDR, apply-
ing the following criteria drawn from the Finnish version 
of the Nordic Medico-Statistical Committee (NOMESCO): 
NGC00–NGC99 (including addition of patellar component) 
for revision knee replacements and NGU00 for removals of 
knee replacements. All KJR removals were accounted as revi-
sion surgery. 

We excluded patients who were residents of Åland (0.5% 
of the population), not Finnish citizens, or were reported with 
an incorrect personal ID. Although the first KJRs were per-
formed, if rarely, in the 1970s, we could not include them as 
they were not reported in the registers used in this study. More-
over, accurate annual mortality statistics have been available 
only since 1987. Thus, the annual prevalence of KJRs before 
1990 is not reported here or compared with that in later years. 

Data on patient deaths and statistics on the general popu-
lation was requested from the Digital and Population Data 
Services Agency. The prevalence of KJR was defined as the 
proportion of primary or revision KJR survivors (on Decem-
ber 31 in each study year) of the general population aged 40 
years or more, irrespective of how long ago the initial proce-
dure was performed. The total number of KJRs is also given. 
The prevalence and revision incidence were stratified by year, 
age group (< 55, 55–64, 65–74, and ≥ 75 years) and sex. The 
prevalence in each age group was calculated by dividing the 
number of individuals with 1 or 2 KJRs (TKR, UKA, or PFA) 
by the same-age general population on December 31 of the 
same year. In addition, the prevalence of bilateral KJRs and 
prevalence of subjects with an older KJR (KJR operation per-
formed more than 10 years earlier) were calculated separately.

To calculate the incidence of annual revision KJRs, searches 
for revision KJR (including additions) and KJR removal were 
conducted in both the FAR and FHDR using the above-men-
tioned NOMESCO codes. The proportions of revision and 
infection revision KJRs reported in the FHDR but not FAR 
are given in Figure 1 (see Supplementary data). The revision 

burden factor (RBF) was defined as the annual number of revi-
sions divided by the annual total number of primary and revi-
sion KJRs in the population. The annual proportion of infec-
tion revisions in the KJR (primary and revision) population 
(infection RBF) was also calculated. It was considered that the 
revision was due to deep infection if infection was reported as 
the indication for revision in the FAR or if the revision was 
associated with the code for infection of the endoprosthesis or 
postoperative infection (ICD-10 codes T84.5 or T81.4).

Statistics
Prevalences and RBFs are expressed as binomial proportions. 
Adjusted ratios of proportions (PR) between any 2 groups and 
their 95% confidence intervals (CI) were estimated by gen-
eralized linear models (GLM) with binomial distribution and 
log-link. Proportions were considered as dependent variables, 
and population counts (denominators) were treated as prior 
weights. Age and sex were adjusted for by including them as 
covariates in the model when studying calendar time trends. 
Age and time were similarly adjusted for when analyzing 
ratios between men and women. Patient age group at the end 
of each year was also treated as a factor. Calculations were 
performed using the function glm in R stats package version 
4.0.0 (15).

Ethics, data sharing, funding, and potential conflicts 
of interest
Permission for the study was obtained from each register. No 
ethical permission was required to perform this registry study. 
Data sharing can be made available on request to the corre-
sponding author. Grants for the study were received from the 
Finnish Rheumaorthopedic Society and the Finnish Medical 
Research Foundation. No conflicts of interest are declared. 

Results
Prevalence of KJRs
The prevalence of KJRs in the general population increased 
annually during the study period (Figure 2 and Figure 3 in 
Supplementary data). However, the annual increase in preva-
lence decelerated among both females and males and in each 
age group (Figure 4 and Figure 5 in Supplementary data). 
Prevalence was 1.1% in 2000, 2.6% in 2010, and 4.0% in 
2020. Thus, between 2000 and 2020, prevalence rose by 270% 
and between 2010 and 2020 by 56%. The total number of KJR 
implants in the study population increased from 7,535 in 1990 
to 34,884 in 2000 and thereafter to 162,711 in 2020. The pop-
ulation of inhabitants aged 40 years or over in Finland was 
2,210,500 in 1990, 2,541,055 in 2000, and 2,977,677 in 2020. 
In 2020, the prevalence of KJR in females was 5.0% and thus 
statistically significantly higher than the 2.8% in males (age- 
and time-adjusted proportion ratio (PR) 0.57 (CI 0.57–0.57). 
In 2020, the prevalence peaked in the group aged 75 years or 
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older at 11.6% for females and 8.0% for males. A statistically 
significant increase in prevalence was seen in all age groups 
during the study period. The prevalence of KJR by sex and age 
group is presented in Figure 3 (see Supplementary data) and 
goodness-of-fit of the models in Figure 6 (see Supplementary 
data).

The proportion of bilateral KJRs in the KJR population 
increased during the study period, reaching 38% for females 
and 36% for males in 2020, and was more pronounced in the 
early study period (Figure 7). The proportion of bilateral KJRs 
increased in all age groups except the under 55s.

Prevalence of patients with older KJRs
In 1990, the first KJRs were already at least 10 years old. 
During the study period, the annual proportion of KJR patients 

with a KJR performed at least 10 years earlier showed a sig-
nificant increase in each decade: from 11% in 2000 to 19% 
in 2010 and 34% in 2020 (Figure 8). Older KJRs were more 
common in females than males (age- and time-adjusted PR 
1.22 [CI 1.21–1.23]). In 2020, 29% of male and 36% of female 
patients had an older KJR, with the highest proportions of 
older KJRs occurring in those aged 75 or older: 42% in males 
and 48% in females. After 1990, the prevalence of individuals 
with an older KJR continued to rise, reaching 1.3% in 2020.

Revision burden factor (RBF)
Revisions from 1996 were double-checked from the FAR 
and FHDR. The annual number of KJR revisions increased 
from 399 to 1,086 between 1996 and 2020. The proportion 
of revisions reported only in the FHDR are given in Figure 
1 (see Supplementary data). We also evaluated the cover-
age of the FAR from 1987 and 1995 to be between 88% and 
97% (data not shown). RBF was 1.5% in 1990 and 2.0% in 
1998. Between 1998 and 2020 this ratio decreased to 0.7%. 
The decrease from 1.2% to 0.7% between 2010 and 2020, 
however, remained significant (age- and sex-adjusted PR 0.56 
[CI 0.51–0.60]). The annual RBFs and prevalence ratios with 
CIs are presented in Figure 9 and Figure 10 in Supplemen-
tary data. Between 1998 and 2020, the RBF decreased in the 
female KJR population from 1.8% to 0.6% (age-adjusted PR 
0.32 [CI 0.28–0.36]) and in the male KJR population from 
2.4% to 0.8% (age-adjusted PR 0.36 [CI 0.30–0.43]). The 
RBF was higher in the male than female population (age- and 
time-adjusted PR 1.23 [CI 1.20–1.26]). From 2009 onwards, 
the RBF was lower the older the age group (Table).

The infection revision burden factor ranged between 0.2% 
and 0.4% during 1996–2016, since when it has remained 
around 0.3%. No significant change between 1996 and 2020 
was found except for the years 2011, 2012, and 2015, when 
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Figure 2. Prevalence of KJRs (patients with 
ipsilateral or bilateral implants) in the popu-
lation aged 40 years or older. Between 1990 
and 2020, the total number of KJRs increased 
from 7,535 to 162,711 and the number of 
patients with KJR from 6,447 to 118,982.

Figure 4. Annual rate of change in the preva-
lence of KJRs (patients with 1 or 2 KJRs) 
in the population by age group. Note: The 
acceleration of this change between 2004 
and 2005 is explained by the deadlines for 
non-urgent surgery set by the Finnish gov-
ernment in 2005.

Figure 7. Percentage of bilateral KJRs by 
sex and in total. Between 1990 and 2020, 
the number of patients with bilateral KJRs 
increased from 1,301 to 44,350.

Figure 8. Proportions of patients with KJR received 
over 10 years earlier (older KJR) in the total KJR 
population by sex and in total. Between 1990 and 
2020, the total number of patients with KJR received 
over 10 years earlier increased from 184 to 39,970.
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the infection RBF was statistically significantly lower than in 
1996 (Figure 11 and Figure 12 in Supplementarydata). The 
infection RBF was higher in males than in females: in 2020, 
it was 0.2% in females and 0.5% in males (age- and time- 
adjusted PR 1.23 [CI 1.18–1.27]; Figure 11).

Discussion

Our main observation was that the prevalence of KJRs and 
of subjects with older KJRs increased rapidly throughout the 
study period, while the revision burden factor decreased.

Prevalence of KJRs
In 2020, 12,702 primary KJRs and 990 revision KJRs were 
reported to FAR (16). An increasing incidence of KJR 
(number of new cases relative to the population) has previ-
ously been reported (5) and it has also been estimated that 
the annual need for primary knee replacement will substan-
tially increase (1,2,17), including among young patients (4). 
On the other hand, the increase in the incidence of KJR sur-
gery has shown signs of slowing down (18,19). The incidence 
of KJR is useful when assessing the need for annual primary 
KJRs, early revisions, and early unplanned revisits. However, 
little is known about the prevalence of KJR, which may be 
more useful when assessing the overall burden of KJR revi-
sions, revisits, and follow-up visits. In a US cohort study, the 
prevalence of individuals over age 50 living with a KJR was 
estimated to be about 4.2% in 2009 (9). In turn, Maradit Kre-
mers et al. (10) estimated the total prevalence of knee replace-
ment in the same age group to be 4.6% in 2010. Both studies 
reported a higher prevalence in females than males. Weinstein 
et al. (9) estimated a prevalence of 3.4% in males and 4.8% 
in females aged 50 or older. This is in line with our finding of 

4.0% in the over-40s in 2020. We also found a higher preva-
lence in females (5.0%) than males (2.8%). This is also con-
sistent with the higher prevalence of knee OA among females. 
In the Health 2000 Survey (2000–2002), the prevalence of 
symptomatic knee osteoarthritis (OA) was estimated to be 6% 
in males and 8% in females aged 30 or over (20). Assuming 
the prevalence of OA has remained the same, a significant pro-
portion of knee OA patients will have received a KJR in 2020. 
This may explain our finding of a deceleration in the increase 
in prevalence as the amount of care debt has decreased. Our 
finding of a higher prevalence in females is also consistent 
with previous studies showing a higher incidence and lifetime 
risk of KJR in females (5,21).

This study demonstrates that the annual prevalence of KJR 
and the number of KJRs has increased rapidly. Between 2010 
and 2020, the overall prevalence of KJR increased by 56% 
and an increase was seen in all 4 age groups. The Swedish 
Knee Arthroplasty Register has also reported an increased 
annual prevalence in all age groups (11). In the latest report 
(2020), the 80- to 85-year-olds showed the highest prevalence, 
with almost 10% of women and 8% of men having at least 1 
knee replacement. This accords with our finding of the high-
est prevalence (12% in females and 8% in males) in those 
aged 75 or older in 2020. The proportion of bilateral cases 
also increased during the study period, reaching 37% in 2020. 
The Swedish Knee Arthroplasty Register reported the propor-
tion of bilateral cases to be 25% in 2019 (11). In Finland, the 
incidence of KJRs increased during the period 1998–2006 and 
again after 2015 (5,16), as also did life expectancy and the 
mean age of the population (22). The last-mentioned explains, 
at least partially, the increase in the prevalence of KJR. One 
potential explanation for the increase in incidence in Fin-
land could be increased obesity (6), a known risk factor for 
knee osteoarthritis. A multicenter study in the United States 

Figure 9. Revision burden factor (RBF) by 
sex and in total (annual number of revisions 
divided by annual total number of KJRs in 
the population). The total annual number 
of revisions increased from 113 to 1,086 
between 1990 and 2020.
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Figure 11. Infection revision burden factor (infec-
tion RBF) by sex and in total (annual number of 
revisions performed due to infection divided by 
annual total number of KJRs in the population). 
The total number of annual infection revision 
KJRs increased from 67 to 428 between 1996 
and 2020.
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reported that 26% of KJRs were likely to have been performed 
based on inappropriate indications (23). Thus, it is possible 
that good KJR outcomes have led to KJRs being performed 
applying less stringent criteria than in previous years. 

Compared with the other Nordic countries, KJR prevalence 
rates may be a little higher in Finland since KJR incidence 
(number of new KJRs per population) is also higher (5). In 
addition, the lifetime risk of KJR (probability of having KJR 
over an individual’s lifetime) is higher in Finland (especially 
in the female population) than in the other Nordic countries or 
in Australia (21). 

Revision burden factor (RBF)
The revision burden has been defined as the percentage of revi-
sion arthroplasties relative to the total number of primary and 
revision arthroplasties (24,25). Similarly, the infection burden 
has been defined as the number of KJR revisions performed 
due to infection divided by the total number of primary and 
revision arthroplasties in a given period (26).We defined RBF 
as the ratio of the annual number of revision KJRs to the total 
number of KJRs in the population. This definition has not 
previously been used. We found that the proportion of per-
sons with older KJRs increased during the study period, while 
the revision burden factor decreased slightly. A few possible 
reasons for this can be suggested: the number of re-revisions 
has decreased, KJRs last longer, and early revisions after KJR 
have been less needed. The indications for revision surgery 
have likely changed over time, especially owing to a decreased 
willingness to perform revisions due to patellofemoral pain or 
pain due to an undetermined cause. While a reduction in the 
incidence of PFAs with higher revision risk could explain the 
decrease in RBF, this is not the case in Finland, as the propor-
tion of PFAs in all KJRs has increased slightly. Moreover, the 
proportion of PFAs was only 0.7% between 2006 and 2016 in 
Finland (27).

Centralizing KJR operations in higher volume hospitals 
could explain the decrease in the need for KJR revisions. 
However, findings on the association between hospital volume 
and revision rate after TKR are conflicting (28,29). In Finland, 
lower hospital volume is not unambiguously associated with a 
higher TKR revision rate (19). It is also possible that process 
standardization such as fast-track (enhanced recovery) could 
lessen the need for revisions. However, no significant differ-
ence in revision rates before and after fast-track KJR has been 
found (30,31). Other explanatory factors may be the national 
guidelines for TKR surgery published in 2010 and 2015, and 
a possible increase in the annual volume of surgeons’ proce-
dures over time.

The increasing prevalence of obesity may affect revision 
risk due to infections (6-8). However, since no significant 
change was observed in the infection RPF between 1996 and 
2020, the decrease in the RBF is due to a diminution in revi-
sions performed for reasons other than infection. This finding 
is supported by Dyrhovden et al. (32), who found that while 

revision risk after TKR had decreased, revision risk due to 
early infection had increased. They proposed that possible rea-
sons are better polyethylene and more patella-friendly pros-
thetic designs (32). It is possible that the effect on the RBF of 
early revisions is greater than that of late revisions, because 
the RBF was higher in the younger age groups, which also 
had a lower proportion of individuals with an older KJR. 
However, one reason is the higher revision incidence in the 
younger age groups reported by FAR (16). The infection 
revision burden was also statistically significantly higher for 
males than females. This supports previous studies that have 
shown an increased infection risk after KJR in males (33-
36). Springer et al. (26) combined data from six registers and 
found an increase in the infection revision burden for KJR 
between 2010 and 2015. In our study, the infection RBF did 
not increase during the corresponding period. Under-reporting 
of infections in our study is an unlikely explanation for this 
difference between our study and that of Springer et al. (26), as 
we double-checked the FHDR against the FAR for the number 
of infection revisions. One reason for this difference is that 
the infection RBF takes into account all persons with KJR, 
irrespective of how long ago the surgery was done, whereas 
the infection burden is calculated based solely on the KJRs 
performed during the same year. 

In our study, the prevalence of patients with an older KJR 
increased, reaching 1.3% in 2020. The proportion of patients 
with an older KJR among the total number of patients with 
KJRs had risen to 34% in 2020. Maradit Kremers et al. (10) 
estimated that in 2010, 28% of individuals in the total knee 
replacement (TKR) prevalence pool had a TKR that had been 
performed over 10 years earlier.

The increasing number of KJRs will cause healthcare sys-
tems more costs, not only from primary operations but also 
from unplanned revisits due to KJR-related problems, follow-
up visits, and revisions. Every effort must be made to decrease 
the risks for revision KJRs by selecting patients who fulfil 
the appropriate indications and by preoperatively optimizing 
modifiable factors that are known to affect revision risk (37). 

Limitations
The level of completeness and accuracy of the FHDR is good. 
More than 95% of discharges can be found in this register 
(12,14). The coverage of primary KJRs in the FAR is also good 
(89–97%) (12,16). In our study, the percentages of revisions 
reported solely in the FHDR, and hence not in the FAR, are 
given in Figure 1 (see Supplementary data. We also estimated 
the coverage of the FAR to be between 88% and 97% between 
1987 and 1995 (data not shown). The strength of our study is 
the inclusion of data from all the private and public hospitals 
in Finland. We also took patient deaths into account. 

The first operation of a 2-stage infection revision is often 
reported with the code NGU00 (removal of KJR). Patients 
who do not undergo the intended reimplantation (second 
stage) continue living with spacer implants while those who 
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undergo reimplantation continue with new TKRs. Thus, 
removals of KJRs were taken into account only for revisions 
but not for calculations of prevalence. We assumed that the 
annual number of patients left without any knee implant was 
low. This may have induced upward bias in our prevalence 
estimates. However, the bias resulting from excluding these 
patients would bias our results even more. Amputations and 
knee arthrodesis without reported removals were excluded. 
This degree of bias will be small, as the number of amputa-
tions and knee arthrodesis procedures after KJR is generally 
also low. In addition, mortality after a trans-femoral amputa-
tion is high (38,39).

The coverage of revision KJRs in the FAR is somewhat 
lower than that of primary KJRs. To minimize the risk of bias 
arising from this, RBF searches for revision KJR (including 
additions) and KJR removal were conducted in both the FAR 
and FHDR. In Denmark, a discrepancy in the number of infec-
tion revisions between the national arthroplasty register and 
microbiology database has been shown by Gundtoft et al. (40). 
In Finland, infection revisions are occasionally performed in 
some hospitals by orthopedic surgeons not familiar with the 
FAR’s online reporting program, leading to under-reporting. In 
addition, it takes time for bacterial cultures to be identified, and 
thus an infection diagnosis is not always known in the operat-
ing room, where the FAR report is filed. To minimize this risk 
of bias arising from the FAR, we double-checked the FAR data 
against the FHDR data, including for infection revisions.

In Finland, the first KJRs were performed in the 1970s. We 
did not have data on these operations. Thus, our prevalence 
rates in the early study period are downward biased. However, 
after 1990 this downward bias is negligible as KJR operations 
were rare in the 1970s and the survival rates of KJRs were 
lower. In addition, patient deaths and the rapid rise in preva-
lence reduces the bias introduced by those early operations. 

Conclusion
The continuing rapid increase in the prevalence of KJRs poses 
a challenge for healthcare due to both KJR-related problems 
and the long-term follow-up of KJRs. This is exacerbated 
by the increasing prevalence in the younger age group and 
increasing proportion of older KJRs. The reduction in the revi-
sion burden factor is a positive sign. 
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Figure 1. Proportion of revision and infection 
revision TKRs reported in the Finnish hospi-
tal discharge register (FHDR) but not to the 
Finnish arthroplasty register (FAR).
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Figure 3. Prevalence of KJRs by age group 
and sex in in the population.
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Figure 5. Annual rate of change in the prev-
alence of KJRs (patients with one or two 
KJRs) in the population aged 40 years or 
older. Note: The acceleration of this change 
between 2004 and 2005 is explained by the 
deadlines for non-urgent surgery set by the 
Finnish government in 2005.
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Figure 6. Goodness-of-fit of the models. 
Open squares and circles represent 
observed prevalence values, and the solid 
points the prevalences predicted by the 
model. The sizes of the observed points indi-
cate the size of the difference between the 
observed and expected values, i.e., model 
residuals.
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Figure 10. Age- and sex-adjusted proportion 
ratios (PR) with 95% confidence intervals for 
the revision burden factor (RBF): reference 
year is 1996.

Figure 12. Age- and sex-adjusted proportion 
ratios (PR) with 95% confidence intervals for 
the infection revision burden factor (RBF): 
reference year is 1996


