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Background   The annual number of total hip 
arthroplasties (THA) has increased in Denmark over 
the past 15 years. There is, however, limited detailed 
data available on the incidence of THAs.

 Methods   We calculated the incidence rates (IR) of 
primary THA and revision in Denmark between 1996 
and 2002 and estimated the demands for primary THA 
in Denmark until 2020. We used data from the Danish 
Hip Arthroplasty Registry, a nationwide and popula-
tion-based clinical database, to identify patients who 
had undergone primary THA (n = 37 144) or revision 
arthroplasties (n = 6 446). Age and sex-specific data on 
the Danish population were obtained from the StatBank 
Denmark. All IRs were standardized according to two 
standards, i.e. the Danish population in 1996 and the 
European standard population (18 age groups). The 
future demands for primary THA were estimated using 
the age and sex-specific incidence of primary THA for 
2002 as a reference, and taking into account the expected 
changes in the age distribution of the population and the 
trend in IRs seen in Denmark between 1996 and 2002. 

Results   The annual overall standardized IRs of 
primary THAs and revisions increased from 101 (95% 
confidence interval (CI): 97.6–104) to 134 (CI: 131–138) 
and from 19.2 (CI: 17.9–20.5) to 21.1 (CI: 19.8–22.4) 
per 100 000 inhabitants from 1996 to 2002, respectively 
(IRs adjusted to the Danish population in 1996). The IRs 
of primary THAs and revisions increased by 30% and 
10% during this period. The relative increase in IRs of 
primary THAs was found to be similar in both women 
and men. The increase was higher among patients aged 

50–59 years, however. Furthermore, a decrease in IRs 
was seen in patients who underwent primary THA due 
to rheumatoid arthritis. IRs of primary THAs have 
been estimated to increase by 22% in 2020 compared 
with 2002, based only on the expected changes in the 
age distribution of the population. However, assuming 
that the annual age and sex-independent increase in the 
IRs seen in the period 1996–2002 will continue, the IR 
of primary THA is estimated to increase by as much as 
210% in 2020.

Interpretation   The overall annual standardized IRs 
of primary THAs and revisions in Denmark increased 
during the period from 1996 to 2002. Moreover, the 
demands for THA procedures in the coming decades 
may exceed the current capacity due to the ageing popu-
lation and a continued age and sex-independent increase 
in surgical activity.  

■

The annual number of THA procedures has been 
rising steadily worldwide during the past decades, 
due to the improvements in surgical technique 
and the increasing number of elderly people in 
most Western populations (Havelin et al. 2000, 
Ingvarsson 2000, Puolakka et al. 2001, Söderman 
et al. 2001, Malchau et al. 2002, Ostendorf et al. 
2002, Mahomed et al. 2003). However, there are 
substantial differences between the reported THA 
incidence rates (IR) in Europe, the United States, 
Canada, and Australia (Merx et al. 2003). 
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It has been suggested that the future demands 
for THA may exceed the current capacity for THA 
procedures (Birrell et al. 1999, Ingvarsson 2000). 
There is a limited amount of data on the incidence 
of THAs in Denmark (Lucht 2000) and, in general, 
there have been few studies dealing with estimated 
future demands (Overgaard et al. 1992). In order to 
predict the need for THA procedures in the coming 
years, it is necessary to estimate the incidence of 
THA in the context of changing population demo-
graphics. The objective of this study was therefore 
to estimate the IRs of primary THAs and revisions 
in Denmark in the period 1996–2002 using data 
from the Danish Hip Arthroplasty Registry, and 
also to estimate the demands of primary THA to be 
expected in Denmark in the coming decades. 

Methods

Study population

The Danish Hip Arthroplasty Registry (DHR). The 
DHR is a population-based clinical database, which 
was started in 1995. The goals of the database are 
to define the epidemiology of THA procedures in 
Denmark, to provide timely information on risk 
factors for revision, and to provide data that may 
improve and maintain the quality of outcome in 
hip replacement surgery at both local and national 
levels. The registry contains pre-, per- and post-
operative data about primary THAs and revisions, 
collected using a standardized form. Registra-
tion of primary THAs and revisions is obligatory, 
whereas registration of follow-up examinations is 
voluntary (Lucht 2000). 

The quality of data in the DHR has recently been 
examined and found to be high, i.e., the registration 
completeness for THA procedures is 94% and the 
positive predictive values of the registered diag-
noses in patients undergoing primary THAs have 
been shown to be between 81% and 100%, except 
for fresh fracture of the proximal femur (Pedersen 
et al. 2004). A total of 50 113 procedures, both pri-
mary THAs (n = 42 624) and revisions (n = 7 489), 
have been registered in the DHR since 1995. How-
ever, in the present study, we excluded the year 
1995 from the analysis because of its relatively 
low registration completeness (88%). Also, due to 
a strike among Danish nurses in 1995, the numbers 

of primary THAs and revisions in Denmark during 
that year were unusually low. Thus, we studied the 
period from January 1, 1996 through December 
31, 2002. 

We excluded procedures which occurred before 
and after the study period (n = 5 472) and patients 
who were erroneously registered with a third pri-
mary THA (n = 8), from the analysis of primary 
THAs. This left 37 144 primary THA procedures 
(87.1% of the initial 42 624) for further analysis. 
We also excluded procedures that occurred outside 
of the study period (n = 1 043) from the analysis 
of revisions, leaving 6 446 revisions (86.1% of the 
initial 7 489). 

The StatBank Denmark. The StatBank Denmark 
is a database which contains detailed statistical 
information on the Danish population (http://statis-
tikbanken.dk/). At the middle of each calendar year, 
we obtained data on the population size—including 
estimates for the coming years—by age and sex. 

Analyses 

Incidence rates. We estimated annual overall IRs 
of primary THAs or revisions as the number of 
patients undergoing primary THA or revision by 
calendar year, divided by the total number of indi-
viduals at risk in Denmark. Age and gender-specific 
annual IRs were also estimated. Age was divided 
into five groups: 10–49, 50–59, 60–69, 70–79, and 
more than 80 years. Annual IRs of primary THAs 
were also estimated separately and according to 
diagnosis (primary arthrosis; rheumatoid arthritis; 
late sequelae from fracture of the proximal femur; 
atraumatic necrosis of femoral head and hip disor-
ders in childhood, including congenital hip dislo-
cation, morbus Calvé-Legg-Perthes, epiphysioly-
sis, and acetabular dysplasia). 

All IRs were standardized to the age distribution 
of the Danish population in 1996 and expressed per 
100 000 inhabitants, with 95% confidence intervals 
(CI). Poisson regression was used to estimate inci-
dence rate ratios (IRR), using the year 1996 as the 
reference. Here, IRR expresses the relative change 
in IRs of primary THAs or revisions in 1997–2002 
compared with IRs in the reference category. To 
examine possible differences in IRs according to 
different ways of standardization and in order to 
increase the comparability of our study with stud-
ies based on other populations, we also calculated 
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annual overall IRs of primary THAs and revisions 
using the European Standard Population (divided 
into 18 age groups) within SEER*Stat (http://
www-dep.iarc.fr/dattaava/ewstdpop.htm).

Predictions for the years 2010, 2015, and 2020. 
We estimated the future demands for primary THA 
in Denmark using the age-specific IRs of primary 
THAs for year 2002 as a reference, based on two 
different scenarios: A) with the expected changes 
in the age distribution of the population, and B) 
with the combined effect of the expected changes 
in the age distribution of the population and a con-
tinued relative annual age and sex-specific increase 
in the age-standardized IRs (based on the develop-
ment in the period 1996–2002).

 In scenario A, the predicted number of primary 
THAs in 2010 (A2010 (total)) was estimated using 
the following equation: 
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where IR2002 (i) represents the age-specific IRs 
of primary THAs in 2002, and POP2010 (i) is the 
predicted age-specific population in 2010 (i = 1 to 

5 relates to five age-groups, separately for males 
and females).

 In scenario B, the predicted number of primary 
THAs in 2010 (B2010 (total)) was estimated using 
the following equation: 
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where the trend is the continued relative annual 
age and sex-specific increase in the age-standard-
ized IRs. The trend was estimated with the Poisson 
regression model. 

The predicted numbers of primary THAs and 
corresponding IRs for years 2015 and 2020 were 
estimated in the same way, except that specific age 
distributions and trends in IRs for years 2015 and 
2020 (respectively) were used. 

Statistics

All analyses were performed using Stata statistical 
software (Release 8.0; Stata Corp., TX). 

 

Table 1. Characteristics of the total hip arthroplasty (THA) patients registered in the DHR, 1996–2002

 
Characteristic  1996 1997 1998 1999 2000 2001 2002

Type of THA, no. (%)
 primary 4 633 (83.9) 4 897 (84.4) 5 044 (85.0) 5 280 (85.3) 5 431 (85.7) 5 557 (85.2) 6 302 (86.4)
 revision    883 (16.1)    905 (15.6)    889 (15.0)    911 (14.7)    904 (14.3)    966 (14.8)    988 (13.6)
 total 5 516 5 801 5 930 6 191 6 335 6 523 7 290
Primary THAs       
 Median age  
       at operation  70.3 70.5 70.3 69.6 69.9 69.9 69.6
   (range) (14–98.3) (14.7–98)  (15.3–97.5) (13.9–96.2) (16.5–98.7) (15.5– 95.2) (16.9–95.7)
Gender, no. (%)
 female  2 667 (57.7) 2 902 (59.3) 2 997 (59.5) 3 075 (58.3) 3 080 (56.8) 3 260 (58.7) 3 653 (58.1)
 male  1 957 (42.3) 1 992 (40.7) 2 043 (40.5) 2 197 (41.7) 2 342 (43.2) 2 290 (41.3) 2 639 (41.9)
Diagnosis, no. (%)       
 Primary arthrosis 3 532 (76.2) 3 632 (74.2) 3 849 (76.3) 4 070 (77.1) 4 200 (77.3) 4 344 (78.2) 5 000 (79.3)
 Rheum. arthritis    149 (3.2)    152 (3.1)    138 (2.7)    125 (2.4)    125 (2.3)    124 (2.2)    112 (1.8)
 Late sequelae from  
      fracture of the  
    proximal femur    495 (10.7)    629 (12.8)    501 (9.9)    527 (10.0)    558 (10.3)    519 (9.3)    590 (9.4)
 Atraumatic necrosis   
     of  femoral head     127 (2.7)    143 (2.9)    166 (3.3)    172 (3.3)    171 (3.1)    161 (2.9)    150 (2.4)
 Hip disorders   
      in childhood    134 (2.9)    150 (3.1)    155 (3.1)    163 (3.1)    129 (2.4)    171 (3.1)    183 (2.9)
 Other    196 (4.2)    191 (3.9)    233 (4.6)    223 (4.2)    248 (4.6)    238 (4.3)    267 (4.2)
Total number of 
 inhabitants 
 at risk per year 4 608 491 4 618 164 4 626 797 4 638 703 4 653 478 4 669 518 4 689 729
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Results

Table 1 shows the baseline characteristics of the 
THA patients registered in the DHR from 1996 to 
2002. 

Overall IRs standardized to the Danish popu-
lation in 1996

Annual standardized IRs of primary THAs and 
revisions increased steadily during the period 
1996–2002 in Denmark. For primary THAs, the 

IRs standardized to the European Standard 
Population

IRs of primary THAs and revisions were lower 
when we used the age distribution of the European 
Standard Population (18 age groups). Thus, IRs of 
primary THAs increased from 86.7 (CI: 80.7–92.8) 
in 1996 to 113 (CI: 107–121) in 2002 per 100 000 
inhabitants, and IRs of revisions increased from 
16.4 (CI: 14–19.7) in 1996 to 17.3 (CI: 14.2–19.5) 
in 2002 per 100 000 inhabitants (Figure 1). The 
corresponding IRRs for primary THAs and revi-
sions were the same as those found after standard-
ization to the Danish population in 1996.

IRs according to gender and age

The relative increase in IRs of primary THAs was 
found to be similar in both females and males. 
The IRs of primary THAs increased from 114 (CI: 
109–118) to 153 (CI: 148–158) among women and 
from 87 (CI: 83–90) to 114 (CI: 110–119) among 
men per 100 000, from 1996 through 2002, respec-
tively. In terms of sex differences, IRs of revisions 
followed the same pattern.

Age-specific IRs of primary THAs increased 
according to age, being highest among individuals 
aged 70–79 (IRR = 45.6, CI: 43.6–47.7) in com-
parison to individuals aged 10–49 (Table 2). IRs 
of revisions according to age followed the same 
pattern. The increase in IRs of primary THAs 
was found in all five age groups during the period 
1996–2002, being highest among people aged 50–
59 (43%) and lowest among people aged 10–49 
(17%). 

Figure 1. Incidence rates (IR) of primary THAs and revi-
sions standardized to the European Standard Population 
(18 age groups).
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Table 2. Annual age and sex-specific incidence rates (IRs) of primary THA per 
100 000 inhabitants in Denmark, 1996–2002 

Age  1996 1997 1998 1999 2000 2001 2002

Male
  10–49 11.7 12.0 12.1 12.6 11.8 11.7 14.1
  50–59 88.7 92.2 107 110 114 117 136
  60–69 274 281 274 318 310 304 347
  70–79 416 414 405 407 495 440 514
  ≥80 337 321 332 352 352 373 369
Female
  10–49 9.3 10.5 9.9 10.5 9.1 8.9 10.7
  50–59 97.4 97.1 94.7 102 109 111 129
  60–69 301 311 338 354 351 361 389
  70–79 492 536 542 564 545 604 678
  ≥80 326 389 406 368 396 414 459

overall annual IR increased 
from 101 (95% CI: 98–104) in 
1996 to 131 (CI: 128–135) in 
2002 per 100 000 inhabitants. 
For revisions, the annual stan-
dardized IRs increased from 
19.2 (CI: 17.9–20.5) to 20.7 
(CI: 19.4–22.1) per 100 000 
inhabitants in the same period. 
The corresponding IRRs for 
primary THAs and revisions 
were 1.3 (CI: 1.3–1.4) and 1.1 
(CI: 0.9–1.4), respectively, 
when comparing 2002 with 
1996.
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IRs according to diagnosis

Table 3 shows the development in IRs of primary 
THA according to selected diagnoses. The IRR due 
to primary arthrosis was 1.4 (CI: 1.3–1.4) in 2002 
compared with 1996, and an increase was also seen 
for most other diagnoses (IRRs were between 1.1 
and 1.3). In contrast, IRs of primary THAs due to 
rheumatoid arthritis decreased in the same period, 
with an IRR of 0.7 (CI: 0.6–0.9) when comparing 
2002 with 1996.

Predictions for the years 2010, 2015, and 2020

Figure 2 shows expected IRs of primary THAs 
according to two scenarios in the coming decades. 
The lower line, A, shows IRs based on the expected 
changes in the age distribution of the population. 
IRs in this scenario will increase continuously 
from 2002, and would be expected to be 143 (CI: 
140–147), 154 (CI: 150–157), and 164 (CI: 161–
168) per 100 000 in years 2010, 2015, and 2020, 
respectively (that is, an increase of 22% in 2020 
compared with 2002). The upper line, B, shows 
the increase in IRs that is expected if changes in 
the age distribution are combined with a continued 
annual age and sex-specific increase in the age-
standardized IRs of primary THA observed in the 
period 1996–2002. With this scenario, we would 
expect an IR of 417 (CI: 370–470) per 100 000 in 
2020. This corresponds to an increase of 210% in 
2020 compared with 2002. The 95% CI includes 

uncertainties related to both the population predic-
tion and the estimation of trend. 

Discussion   

The strengths of our study include access to infor-
mation on THA procedures from a nationwide pop-
ulation-based clinical database with documented 
high data-validity (Pedersen et al. 2004). Further-
more, detailed demographic data on the Danish 
population were available, including predictions 
of its future development. Age-standardization of 
the estimated IRs was performed according to both 
a Danish and a European standard population, to 
permit comparisons over time and with other popu-
lations. 

The limitations of the study include a moder-
ate completeness of registration of revisions in the 
DHR (81%). The accuracy of the expected IRs of 
primary THAs in the future is highly dependent 
on the accuracy of the assumptions made by Sta-
tistics Denmark when estimating the size and age 

Figure 2. Expected incidence rates (IRs) of primary THAs 
in Denmark in the years 2010, 2015, and 2020, based on 
constant age-specific IRs of primary THAs (2002). A: with 
expected changes in age distribution. B: with expected 
changes in age distribution combined with the continued 
annual age and sex-specific increase in the standardized 
IRs of primary THA based on figures from 1996–2002. 
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Table 3. Estimates of incidence rates and incidence rate 
ratios of THA between 1996 and 2002 according to diag-
nosis in patients undergoing primary operation (Poisson 
regression)

Diagnosis IR a   IRR b 
   and 95% CI
   1996 2002 1996–2002

Primary arthrosis 65.6 89.8 1.4 1.3–1.4
Rheumatoid arthritis 3.1 2.1 0.7 0.6–0.9
Atraumatic necrosis  2.7 2.9 1.1 0.9–1.4
  of femoral head    
Late sequelae from  8.5 9.7 1.1 1.0–1.3
 fracture of proximal 
   femur    
Hip disorders in 
   childhood 2.9 3.9 1.3 1.1–1.6

a Incidence rate of primary THA per 100 000 inhabitants 
  standardized to the European Standard Population.
b Incidence rate ratio.
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distribution of the Danish population in the coming 
decades. However, the predictions are very sensi-
tive to even minor changes in the age-independent 
IRs, resulting in substantial uncertainty about the 
future IRs, as indicated by the large difference 
between scenarios A and B. 

Some difficulties arise when making compari-
sons of our results with other countries, due to dif-
ferences in the age distribution of the populations, 
methods of collecting and reporting the data, and 
study periods. Most of the published studies on the 
incidence of THA have only reported crude data, 
making direct comparisons with data from other 
studies difficult. Ingvarsson (2000) has demon-
strated the importance of using age-standardized 
IRs; for example, crude overall IRs in Iceland 
and Sweden were almost identical, but after age 
standardization the incidence of THA was at least 
50% higher in Iceland than in Sweden. Although 
some of the existing studies have performed age 
standardization, it is often difficult to know from 
the papers which standard populations were used 
(Hoaglund et al. 1995, Ingvarsson 2000, Wells et 
al. 2002, Mahomed et al. 2003).

Including age-standardized results—preferably 
to a generally accepted international standard pop-
ulation—in future reports on IRs of THA would 
be a relatively simple way of enabling valid and 
useful worldwide comparisons of IRs.

Overall IRs of primary THAs and revisions

Despite the problems with lack of age standardiza-
tion, the steady increase in IRs of primary THAs 
and revisions found in our study appears to be 
consistent with the reports from a number of other 
countries. Increases in IRs were reported in Fin-
land during 1988 through 1999 (Puolakka et al. 
2001), Norway during 1995 through 1999 (Hav-
elin et al. 2000), Sweden during 1995 through 
2000 (Malchau et al. 2002), Canada during 1994 
through 2000 (Bourne et al. 2004), and Australia 
during 1999 through 2002 (Graves et al. 2004). 
These IRs were based on data from the national 
registries and included primary THA due to all 
diagnoses. 

Increase in IRs of primary THAs varies from 
20% to 60% between different countries (Mahomed 
et al. 2003, Ostendorf et al. 2002, Söderman et al. 
2001). The increase in IRs of THA procedures may 

be due to a number of factors, including changes 
in the clinical criteria for performing THA, e.g. 
increased acceptance among clinicians and patients 
of performing THA on younger and older patients, 
or patients with severe comorbidity. Other factors 
which might affect the increase in IRs of THA are 
increased demand from patients, implementation 
of financial incitements for increasing the surgical 
throughput, and changes in the organization of the 
health care system—with the formation of fewer 
but more specialised and efficient units with a high 
operating volume.

The crude IRs of primary THA found in Ice-
land in age groups 49–59 and > 59 years, were 
two to three times higher than corresponding IRs 
in Denmark (Ingvarsson 2000). The differences 
may be related to a higher prevalence of primary 
hip osteoarthrosis in Iceland compared with other 
Nordic countries (Ingvarsson et al. 1999), or onset 
of osteoarthrosis at an earlier age. Mahomed et al. 
(2003) reported IRs of revision in 1995–1996 to be 
3 to 6 times lower than IRs of primary 

THA, which agrees with our findings. Because 
most of the studies have reported the annual number 
of revisions but not IRs of revision, it is difficult to 
make comparisons. The overall ratio between revi-
sions and THA procedures found in our study was 
higher than in Sweden, but comparable to that of 
Norway (Havelin et al. 2000). 

IRs according to sex and age

The higher IRs of THA procedures in women found 
in our study and the results of others generally 
agree (Overgaard et al. 1992, Peterson et al. 1992, 
Ingvarsson 2000, Malchau et al. 2002, Mahomed 
et al. 2003). This may be explained by higher 
risk of osteoarthrosis in women. Osteoarthrosis 
has been described as the most frequent and dis-
abling chronic disease among women (Callahan et 
al. 1996, Creamer and Hochberg 1997). Hawker 
et al. (2001) reported that the potential need for 
arthroplasty among women would be even higher 
than indicated by the IRs of THA, if the lower will-
ingness to undergo surgery is taken into account. 
However, an increased risk of osteoarthrosis is 
probably not the only explanation, since the pro-
portion of women within most of the diagnostic 
groups (except for atraumatic necrosis of the femo-
ral head) was more than 70% in our study. 
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The IRs peaked for persons aged 70–79 years, 
which also agrees with the findings from other stud-
ies (Ingvarsson 2000, Söderman et al. 2000, Wells 
et al. 2002, Mahomed et al. 2003). Overgaard et al. 
(1992) reported the same pattern in Denmark from 
1981 to 1990. However, the highest increase in IRs 
in the period 1996–2002 was seen among people 
aged 50–59. This may indicate that today, patients 
and surgeons prefer treatment at an earlier stage of 
their disease.

IRs according to diagnosis

The decrease in IRs of primary THAs due to rheu-
matoid arthritis, found in our study, has also been 
seen in Sweden (Malchau et al. 2002). This can be 
explained by the progressive decline in the inci-
dence of rheumatoid arthritis seen in a number of 
populations over the last few decades (Kaipiainen-
Seppanen et al. 2001, Doran et al. 2002, Symmons 
et al. 2002). There is further evidence that rheuma-
toid arthritis is less severe now than it was about 
30 years ago (Silman 2002). It has been suggested 
that the improved outcome of rheumatoid arthritis 
reflects the introduction of modern drug treatment, 
although there is no evidence that mortality of 
rheumatoid arthritis has decreased during this time 
(Doran et al. 2002). 

Predictions for the years 2010, 2015, and 2020

Very few studies have reported the expected future 
demands of THAs (Overgaard et al. 1992, Birrell 
et al. 1999, Ostendorf et al. 2002). The existing 
predictions have, however, been based on demo-
graphic projections only and 2 of the reports did not 
include estimates of the IRs. The increase in IRs 
of primary THAs from 2002 to 2020 in Denmark 
found in our study, based only on the expected 
changes in the age distribution of the population, 
was lower than corresponding estimates projected 
in the Netherlands, Sweden, and England. This 
may reflect true differences; however, it may also 
be related to inaccuracies in the demographic pro-
jections or to the fact that the studies were not con-
ducted at exactly the same time. At the moment, 
it seems unlikely that the annual age-independent 
increase in IRs of primary THA will continue to 
be 5% in the coming decades. Such a development 
would represent a serious economic challenge for 
the health care system, and allocation of sufficient 

economic resources and staff would be problem-
atic. 

The waiting time for THA did not become shorter 
in Denmark between 1996 and 2002 (http://www.
venteinfo.dk/ventelister/visventetider.asp), despite 
the substantial increase in surgical activity, and 
reports indicate that current demands for THA pro-
cedures do not appear to have been met yet (Bourne 
et al. 2004). In conclusion, the overall annual IRs 
of primary THAs and revisions in Denmark have 
increased substantially during the period from 1996 
to 2002. Also, the demands for THA procedures in 
the coming decades may increase dramatically due 
to the ageing population and to a continued age-
independent increase in surgical activity. 
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