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Background and purpose — While the incidence of
THR operations has been established, little is known about
the prevalence or the ratio of the annual number of revision
THRs to the total number of THRs in the general population.
By combining data from nationwide registers, we calcu-
lated the annual prevalence of THRs and the revision burden
caused by THR survivors in Finland.

Patients and methods — All primary THRs performed
between 1980 and 2020 were identified from the Finnish
Arthroplasty Register (FAR). Patient deaths were extracted
from the Finnish Digital and Population Data Services
Agency and THR revisions and removals from the FAR and
the Finnish Hospital Discharge Register. We analyzed annual
THR prevalence by dividing the number of THRs by the
population aged 40 or older and the revision burden factor
(RBF) by dividing the annual number of revisions by the
total number of primary and revision THRs in the popula-
tion. The proportions of bilateral implants and patients with
THRs performed more than 10 years earlier (older THRs)
were identified.

Results — THR prevalence in Finland increased rapidly,
reaching 3.6% in 2020. Between 2010 and 2020, the number
of THRs increased by 50% and the prevalence of THRs by
38%. In 2020, the proportion of bilateral THRs had risen to
29% and the proportion of patients with older THRs to 36%.
The RBF decreased between 1996 and 2020 from 3.1% to
1.3% (age- and sex-adjusted proportion ratio PR 0.42 [95%
CI0.39-0.45]).

Interpretation — Despite the decrease in the RBF, the
rapidly increasing prevalence of THRs potentially increases
the number of revisits and revisions and thus poses a chal-
lenge for healthcare in the future.

In the Nordic countries, owing to population growth, aging,
and the obesity epidemic, the burden of osteoarthritis (OA) on
healthcare resources is high and rising (1). Total hip replace-
ment (THR) is a cost-effective treatment for severe OA (2).
However, THRs present a lifetime risk of revision due to asep-
tic loosening of components, infection, instability, peripros-
thetic fractures, adverse reaction to metal debris, and poly-
ethylene wear-induced osteolysis (3). In addition, long-term
THR follow-ups and problems with THRs potentially involve
revisits to healthcare facilities.

The number of THRs performed annually has continued to
increase during the present decade (4). In Finland, the number
of primary THRs reported to the Finnish Arthroplasty Register
(FAR) increased by 29% between 2010 and 2019 (3). Several
studies in different countries and using different estimation
methods have projected significant increases in the volume of
THRs in years to come (5-9).

Analysis of prevalence rather than incidence enables esti-
mation of the future revision burden of THRs. Knowing the
prevalence and proportion of bilateral THRs and the ratio of
the annual number of revision THRs to THR survivors (revi-
sion burden factor [RBF]) enables calculation of the revision
burden on the healthcare system. Little information on preva-
lence has been published (4,10). The only reports not based on
mathematical estimation are those published by the Swedish
Hip Arthroplasty Register (4), according to which the preva-
lence of THRs in 2019 in the Swedish population aged 40 or
over was 3.6%, of which 27% were bilateral.

No previous reports exist on the RBF or on change in the
annual proportion of patients with THRs performed over 10
years earlier (the THR group prone to late THR complications
and hence affecting the RBF).
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The primary aim of this study was to determine changes in
annual THR prevalence. Secondary aims were to calculate the
RBF for THR survivors and the proportions of bilateral and
older THRs.

Patients and methods

All public and private hospitals in Finland are obliged to
report all surgical procedures to the National Institute for
Health and Welfare. This study is based on 3 registers: the
Finnish Arthroplasty Register (FAR) and the Finnish Hospital
Discharge Register (FHDR), both maintained by the National
Institute for Health and Welfare, and the death statistics pub-
lished by the Finnish Digital and Population Data Services
Agency. These registers are regulated by law and their reli-
ability has been confirmed (11,12).

The study population was extracted from the FAR by select-
ing all primary and revision THR operations reported since
1980. From 1996 onwards, removals and revisions extracted
from FAR were double-checked against the FHDR, using the
following NOMESCO codes: NFC00-NFC99 for revision
hip replacements and NFUOO for removals of hip replace-
ments. In calculating the number of THRs and annual preva-
lence, removals were included only if removal was not fol-
lowed by NOMESCO codes NFCO0-NFC99. We excluded
1,572patients (1,856 THRs) who were residents of Aland
(0.5% of the population), were not Finnish citizens, or whose
personal ID had been misreported. Accurate annual mortal-
ity statistics have been available only since 1987. Thus, the
annual prevalence of THRs before 1990 is not reported here
or compared with that in later years.

Data on deaths and statistics on the general population
was requested from the Digital and Population Data Service
Agency. The prevalence of THR was defined as the propor-
tion of primary or revision THR survivors (on December 31
in each study year) of the general population aged 40 or over,
irrespective of how long ago the initial procedure had been
performed. The total annual number of THRs was also cal-
culated. THR prevalence and revision THR incidence were
stratified by year, age group (< 55, 55-64, 65-74, and = 75
years) and sex. Prevalence in each age group was calculated
by dividing the number of individuals with 1 or 2 THRs by
the same-age general population on December 31 of the same
year. In addition, the proportions of bilateral THRs and the
prevalence of subjects with at least one older THR (THR per-
formed over 10 years earlier) were calculated separately.

To calculate the annual THR revision incidence, searches
for THR revisions and removals were conducted in both the
FAR (1990-2020) and FHDR (1996-2020) using the above-
mentioned codes. All THR removals were deemed revision
surgery. In Finland, the NOMESCO and ICD-10 codes have
been used comprehensively since 1996. Therefore, the revi-
sion burden factors were calculated only from 1996 onwards.

The revision burden factor (RBF) was defined as the annual
number of revisions divided by the total number of primary
and revision THRs in the population at the end of the respec-
tive year and the proportion of infection revisions (infection
RBF) was similarly calculated. A revision was considered
to be due to deep infection if revision or removal was coded
for infection of the endoprosthesis or postoperative infection
(T84.5 or T81.4 [ICD-10]) in the FHDR, or the infection was
reported as the indication for revision in the FAR. Since the
register reform of 2014, all reoperations (such as debridement
and lavage without component change, first stage of 2-stage
revision, hematoma evacuation, soft-tissue repair, osteosyn-
thesis of periprosthetic fracture without component change,
removal of heterotopic ossification, other soft-tissue proce-
dures) in addition to revisions have been filed in the FAR.
Therefore, RBF values before and after 2014 are not strictly
comparable

Statistics

Prevalences and revision burden factors are expressed as bino-
mial proportions. Adjusted ratios of proportions (PR) between
any 2 groups and their 95% confidence intervals (CI) were
estimated by generalized linear models (GLM) with bino-
mial 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 their inclusion 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. Cal-
culations were performed using the function glm in the R stats
package (version 4.0.0; R Foundation for Statistical Comput-
ing, Vienna, Austria) (13).

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. A grant for the study was received from the
Finnish Rheumaorthopedic Society. No conflicts of interest
are declared.

Results
Prevalence

THR prevalence in the general population increased annu-
ally throughout the study period (Figure 1 and Figure 2, see
Supplementary data). However, the overall annual rate of
change slowed from 4.8% to 2.2% between 2000 and 2020.
Between 2010 and 2019 the change accelerated among
females and decelerated among males. The rates of change
by age are shown in Figure 3. Prevalence was 1.7% (43,195
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Figure 1. Prevalence of THRs
(patients with ipsilateral or bilat-
eral implants) in the population
aged 40 years or older. Between
2000 and 2020, the prevalence
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Figure 3. Annual rate of change in
the prevalence of THRs (patients
with 1 or 2 THRs) in the popula-
tion aged 40 years or older. See
comment below.
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Figure 5. Proportions of patients
with at least one THR received
over 10 years earlier (older THR)
in the total THR population by
sex and in total.

1990 2000 2010 2020

Year

Figure 6. Percentage of bilateral
THRs by sex and in total.

increased from 1.7% to 3.6%.

Comment to Figure 3: Between 2000 and 2020, the overall annual rate of change slowed from 3.9% to 2.2%. The acceleration of this change
between 2004 and 2005 is explained by the deadlines for non-urgent surgery (if exceeded, the hospital is fined) set by the Finnish government in
2005. The reason for the latest change between 2019 and 2020 may be the impact of COVID-19 on the annual volume of THR.

subjects with at least 1 THR in the general Finnish population
of 2,541,055 persons aged 40 years or over) in 2000, 2.6%
(72,869/2,813,233) in 2010, and 3.6% (106,663/2,977,677) in
2020. Thus, between 2000 and 2020 prevalence increased by
111% (age- and sex-adjusted proportion ratios [PR] 1.67 [CI
1.65-1.68]) and between 2010 and 2020 by 38% (PR 1.21 [CI
1.20-1.22]). The total number of THR implants increased from
53,556 in 2000 to 92,596 in 2010 and 137,366 in 2020. THR
prevalence in females was 2.9% (43,111/1,485,866) in 2010
and 4.0% (61,634/1,556,833) in 2020. The prevalence was
slightly lower in males than females (age- and time- adjusted
PR 091 [CI 0.91-0.92]) at 3.2% (45,029/1,420,844) in 2020
(Figure 1). In 2020, the prevalence peaked in the over-75 age
group at 10% (32,857/327,596) among females and 8.9%
(19,337/217,162) among males. The prevalence increased
in every age group during the study period. The prevalences
of THR by sex and age group are presented in Figure 2 (see
Supplementary data) and the goodness-of-fit of the models in
Figure 4 (see Supplementary data).

Older THRs

The prevalence of patients with an older THR increased during
the study period, peaking at 1.3% in 2020. The annual propor-
tion of individuals with an older THR also increased during
the study period. This percentage was 3.5% (689 subjects with
at least 1 older THR/19,759 subjects with at least 1 THR) in
1990, 20% (8,730/43,195) in 2000, 29% (21,115/72,869) in
2010, and 36% (37,974/106,663) in 2020 (Figure 5). Females
more commonly had an older THR than males (age- and time-
adjusted PR 1.04 [CI 1.03—-1.04]) between 1990 and 2019.
This difference has narrowed since 2009. In 2020, the pro-
portions of males and females with an older THR were 35%

(15,911/45,029) and 36% (22,063/61,634), respectively and
thus no longer showed a marked difference (age- and time-
adjusted PR 1.01 [CI 1.00-1.01]). The highest proportions in
2020 were found in those aged 75 or older: 47% (9,064/19,377)
in males and 46% (15,141/32,857) in females.

Bilateral THRs

The proportion of bilateral THRs in the THR population
increased in all the over-65 age groups during the study
period, reaching 29% overall (30,703 bilateral THRs/106,663
subjects with at least 1 THR) (29% [18,114/61,634) among
females and 28% [12,589/45,029] among males) in 2020.
This increase was more pronounced in the first few years
of the study period but remained significant throughout the
last decade (age- and sex-adjusted PR 1.06 [CI 1.04-1.07])
(Figure 6). Between 1990 and 2020, the number of patients
with bilateral THRs increased from 3,623 to 30,703. Female
patients more commonly had bilateral THRs than males (age
and time adjusted PR 1.04 [CI 1.03-1.04]).

Revision burden factor

The annual number of THR revisions increased from 1,237
to 1,713 between 1996 and 2020. The proportion of revisions
reported only in the FHDR is given in Figure 7 (see Supple-
mentary data).

The RBF decreased statistically significantly between 1996
and 2020 from 3.1% (1,237 revisions/39,539 primary and revi-
sion THRs in the population) to 2.9% (1,469/51,268) in 2000,
1.9% (1,751/90,592) in 2010, and 1.3% (1,713/135,667) in
2020 (Figure 8 and Figure 9, see Supplementary data).

The RBF was lower the older the age group (Table and
Figure 10, see Supplementary data).
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Figure 8. Revision burden factor
(RBF) by sex and in total (number
of annual revisions divided by
the annual total number of THR
implants in the population).
Between 1996 and 2020, the RBF
decreased from 3.1% to 1.3%.

Infection RBF

Between 1996 and 2013, the infection RBF ranged between
0.2% and 0.3% (Figure 11, see Supplementary data) while
between 2014 (register reform) and 2020, it was 0.4%, rang-
ing between 0.3% and 0.4% in females and between 0.5% and
0.6% in males. The number of infection revisions was 108 in
2000, 214 in 2010, and 535 in 2020. The infection RBF did
not change statistically significantly between 1996 and 2014
or between 2014 and 2020. However, the change between the
2 time periods was statistically significant.

Discussion

We found an increase of 111% in the annual THR preva-
lence during 2000-2020, peaking at 3.6% in 2020. However,
the rate of increase is currently slowing. The proportions of
patients with an older THR and those with bilateral THRs
increased along with the increase in prevalence, while the
revision burden factor decreased.

Prevalence

The number of THR surgeries has increased substantially
during recent decades, and this trend is projected to continue
(3-9). Due to this increase in THRs together with a lower
mean patient age at time of surgery, longer life expectancy,
and longer survival of THRs it can be assumed that the preva-
lence has also increased and will continue to increase. Accord-
ing to the Swedish Arthroplasty Register, the prevalence of
individuals living with 1 or 2 THR joints in 2019 was 3.6%
(3.0% in males and 4.1% in females) among those aged 40
or older (4). This accords with our finding of 3.6% (3.2% in
males and 4.0% in females) among those over age 40 in 2020.
In an earlier study, Maradit Kremers at al. (10) estimated the

prevalence of individuals over age 50 living with a THR to be
2.3% in 2010. In our study, THR prevalence in the same year
was 2.6% in the over-40s. The marked slowing in the change
in prevalence found in 2020 may be explained by the impact
of COVID-19 on the annual volume of THRs (14). In our ear-
lier study, we found the prevalence of knee joint replacements
(KJR) to be 4.0% in 2020, which is similar if somewhat higher
than the 3.6% found for THR (15).

The incidence of symptomatic hip and knee OA increases
with age, accelerating after age 50. Women have a higher inci-
dence than men, especially after age 50 (16). The incidence of
THR operations is also more frequent in females than in males
(3). Thus, our finding of a lower prevalence among males is
consistent with these earlier findings. Maradit Kremer et al.
(10) also estimated a higher prevalence in females than males.
In line with our results, they also found that the higher the
patient’s age, the higher the prevalence.

Older THRs

To assess the revision burden on healthcare caused by late
complications of THRs, it is essential to know the number
of older THRs in the population. Maradit Kremers et al. (10)
estimated that in 2010, 35% of the individuals in the THR
prevalence pool in the United States already had an older
THR. We found that the prevalence of older THRs increased
during the study period, accounting for 36% of all THRs by
2020. Older THRs were more common in female than male
patients; however, the sex difference narrowed during the
study period, so that by 2020 it was no longer statistically sig-
nificant. In our previous study on KJR, the corresponding pro-
portion was lower (34%). No other studies exist on the annual
variance in the overall proportion of patients with an older
THR or on differences between the sexes in the proportion of
older THRs. Despite the decrease in the RBF, the increasing
number of older THRs in the population potentially increases
the number of healthcare visits and revisions associated with
long-term THR-related complications. These complications
can be poorly found from the FAR unless they involve revi-
sion surgery with component change. For example, before the
2014 register reform cases of the osteosynthesis of a peripros-
thetic fracture without component change were not reported in
the FAR, a practice that continues in cases of nonoperatively
treated fractures.

Bilateral THRs

The proportion of bilateral THR cases has increased in Sweden
and accounted for 27% of all those living with a THR in 2019
(4). The proportion of bilateral cases has also increased in Fin-
land and had reached 29% in 2020. This proportion was lower
than the 37% found for bilateral KJRs in 2020 (15).

Unilateral and bilateral THR survival rates may not be the
same (17). This means that the bias in future register stud-
ies could increase along with the increase in the proportion of
bilateral THRs.
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Revision burden factor

The revision burden has previously been defined as the per-
centage of revision arthroplasties performed relative to the
total number of primary and revision arthroplasties performed
during the corresponding period (18,19). In comparison, the
RBF gives a true estimate of the revision burden caused by
the total THR pool. The RBF decreased during the study
period, although the proportion of patients with an older THR
increased at the same time. The RBF was 1.3% in 2020, which
is almost twofold higher than the previously reported RBF for
KJR (15). It is arguable that the decrease in the RBF is due to
better surgical techniques and/or modern implants that enable
longer THR survival. Since metal-on-metal implants with
higher revision risk were commonly used in Finland during
2000-2013, modern implants may not be the only explanatory
factor. The slight increase in the RBF in 2014 and 2015 might
have been due to the use of metal-on-metal revisions. In addi-
tion, since the infection RBF did not decrease during the study
period, the decrease in the RBF must be sought elsewhere.

Infection RBF

Between 1996 and 2012 the infection RBF ranged between
0.2% and 0.3%, after which it increased to 0.4%. This sta-
tistically significant increase was probably in part due to the
reform of the FAR, which now includes other reoperations
(e.g., debridement and lavage of superficial or deep infections
without component change, removal of THA, first stage of
2-stage revisions) in addition to revisions caused by infections.
Springer et al., in turn, reported (20) an increase of 0.97% in
the THR infection burden between 2010 and 2015. In Norway,
Dale et al. found (21) that the THR revision risk for deep infec-
tion increased by approximately 50% (mainly due to early
infection revisions) over the period 2005-2019, although it
seemed to level out after 2010. This difference between these
studies and our study can be explained by the different mea-
sures used. They calculated the infection revision risk as a
function of the time of the primary THR. The infection RBF
that we used estimates the risk for infection revision in the total
THR population irrespective of the time of surgery.

Previous results on the association of sex with peripros-
thetic joint infection (PJI) are conflicting (22-24). In our study,
differences in the RBF between the sexes were not compared
statistically, as the only confounding factors in the data that
could have been included in the analyses were age and time.
A recent systematic review concluded that, unlike BMI, sex
is not an independent risk factor for PJI after THR (25). They
proposed that previous sex associations can be explained by
other factors such as smoking or alcohol consumption.

The cost of THR procedures for healthcare will increase in
future, owing not only to increases in the cost of THR opera-
tions but also to increases in postoperative costs, including
unplanned revisits and readmissions due to THR-related prob-
lems, follow-up visits, and revisions. It is, therefore, man-
datory to plan how the revision risk factor could be further

reduced in the future. One possible and feasible way to reduce
THR revision risk is to preoperatively optimize modifiable
factors that are known to affect revision risk (26). In addition,
higher surgeon procedure volume has been found to be asso-
ciated with lower risk for revisions after THR (27-29). Thus,
revision risk could be minimized by setting minimum thresh-
olds for annual THR operations for surgeons not in the train-
ing phase. In 2020, 135,667 THRs were performed in Finland.
If a follow-up is conducted every fifth year, it will mean about
27,000 radiographs and their interpretation annually. Thus,
it would make sense to reconsider the cost-effectiveness of
long-term follow-up with radiographs.

Strengths and limitations

A major strength of our study is the inclusion of data from all
the private and public hospitals in Finland. More than 95% of
discharges can be found in the FHDR and the completeness of
arthroplasty events in the FHDR is 98% (11,12). The complete-
ness of primary THRs in the FAR is also high (89-97%) (3,11).
The completeness of revision THRs in the FAR is somewhat
lower than that of primary THRs. To minimize the risk of bias
arising from this discrepancy, RBF searches for revision THRs
and THR removals were conducted in both the FAR and FHDR.

In Finland, the first THRs were performed in the late 1960s
(30). The registers used in this study did not include data on
these early operations. Thus, our prevalence rates in the early
study period are downward-biased. However, since 1990 such
downward bias is negligible, as THR operations were rare
in the late 1960s and 1970s and THR survival rates shorter.
In addition, patient deaths and the rapid increase in preva-
lence reduces the bias introduced by those early operations.
In our study, patient deaths and THR removals were taken
into account. Disarticulations (amputation of lower limb
through the hip joint) with unreported removals (Nomesco
code NFUOO) were not included. This bias is very small, as
the annual number of hip disarticulations is negligible (31).
Since revisions of hemiarthroplasties but not hemiarthroplas-
ties themselves are filed in the FAR, our reported RBF values
are slightly upward biased.

In Denmark, a discrepancy in the number of infection revi-
sions reported between the Danish Arthroplasty Register and
Danish Microbiology Database has been shown by Gundtoft
et al. (32). In Finland, infection revisions are occasionally per-
formed in some hospitals by orthopedic surgeons unfamiliar
with the FAR’s online reporting program, thereby leading to
underreporting. In addition, it takes time for bacterial cultures
to be identified, and thus an infection diagnosis is not always
known in the operating room, which is where the procedure
is filed in the FAR. However, double-checking the FAR data
against the FHDR data minimizes this particular bias.

Since the 2014 register reform, not only revision THRs
but all THR reoperations have been reported to the FAR,
and hence RBF values also include reoperations. Thus, the
decrease in the RBF may be even greater than reported here.
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Conclusion

The prevalence of THR, along with the proportion of bilat-
eral and older THRs, has increased rapidly and the increase
is likely to continue, although at a slower rate. An increasing
number of THR survivors also means an increase in related
healthcare visits. However, as the RBF appears to be gradu-
ally declining, the annual number of revisions is unlikely to
increase to the same extent.

KIJP, JH, TSI, VR, and JP wrote the manuscript. JH performed the data
analysis. All contributed to the conception and design of the study, critical
analyses of the data, interpretation of the findings, and critical revision of
the manuscript.
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Figure 2. Prevalence of THRs by age
group and sex in the population.
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Figure 9. Age- and sex-adjusted propor-
tion ratios (PR) with 95% confidence
intervals for the revision burden factor
(RBF). Reference year is 1996
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Figure 4. Goodness-of-fit of the models.
Open squares and circles represent
the observed prevalence values and
solid points the values predicted by the
model. The sizes of the squares and
circles indicate the size of the difference
between the observed and expected
values, i.e., model residuals.
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Figure 10. Revision burden factor (RBF)
by age group and in total (number of
annual revisions divided by the annual
total number of THR implants in the
population).
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Figure 7. Proportion of revision and infec-
tion revision THRs reported to the Finnish
Hospital Discharge Register (FHDR) but not
to the Finnish Arthroplasty Register (FAR).
Since the 2014 register reform, all reopera-
tions (not only revisions) are reported to the
FAR. This has reduced uncertainties about
what should be reported and led to better
FAR completeness of infection revisions.
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Figure 11. Age- and sex-adjusted
proportion ratios (PR) with 95% con-
fidence intervals for the infection revi-
sion burden factor (RBF). Reference
year is 1996.



