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Increasing risk of revision due to infection after primary 
total hip arthroplasty: results from the Nordic Arthro-
plasty Register Association
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Background and purpose — The incidence of peripros-
thetic joint infection after total hip arthroplasty (THA) may 
be increasing. We performed time-trend analyses of risk, 
rates, and timing of revision due to infection after primary 
THAs in the Nordic countries from the period 2004–2018.

Patients and methods — 569,463 primary THAs 
reported to the Nordic Arthroplasty Register Association 
from 2004 to 2018 were studied. Absolute risk estimates 
were calculated by Kaplan–Meier and cumulative incidence 
function methods, whereas adjusted hazard ratios (aHR) 
were assessed by Cox regression with the first revision due 
to infection after primary THA as primary endpoint. In addi-
tion, we explored changes in the time span from primary 
THA to revision due to infection.

Results — 5,653 (1.0%) primary THAs were revised 
due to infection during a median follow-up time of 5.4 (IQR 
2.5–8.9) years after surgery. Compared with the period 
2004–2008, the aHRs for revision were 1.4 (95% confidence 
interval [CI] 1.3–1.5) for 2009–2013, and 1.9 (CI 1.7–2.0) 
for 2014–2018. The absolute 5-year rates of revision due to 
infection were 0.7% (CI 0.7–0.7), 1.0% (CI 0.9–1.0), and 
1.2% (CI 1.2–1.3) for the 3 time periods respectively. We 
found changes in the time span from primary THA to revi-
sion due to infection. Compared with 2004–2008, the aHR 
for revision within 30 days after THA was 2.5 (CI 2.1–2.9) 
for 2009–2013, and 3.4 (CI 3.0–3.9) for 2013–2018. The 
aHR for revision within 31–90 days after THA was 1.5 (CI 
1.3–1.9) for 2009–2013, and 2.5 (CI 2.1–3.0) for 2013–2018, 
compared with 2004–2008.

Conclusion — The risk of revision due to infection after 
primary THA almost doubled, both in absolute cumulative 
incidence and in relative risk, throughout the period 2004–
2018. This increase was mainly due to an increased risk of 
revision within 90 days of THA. This may reflect a “true” 
increase (i.e., frailer patients or more use of uncemented 
implants) and/or an “apparent” increase (i.e., improved 
diagnostics, changed revision strategy, or completeness of 
reporting) in incidence of periprosthetic joint infection. It is 
not possible to disclose such changes in the present study, 
and this warrants further research.

John Charnley stated in 1982 that “Postoperative infection 
is the saddest of all complications….” Periprosthetic joint 
infections (PJI) causes reoperations, increased morbidity 
and mortality, and significant cost [1,2]. Despite advances 
in knowledge and awareness of prophylactic perioperative 
routines, there are indications that the incidence of infec-
tions after total hip arthroplasty (THA) is increasing [3-6]. 
To disclose changes in the risk of PJI a large number of 
primary THAs, registered in a uniform manner, is needed. 
A substantial increase in demand for revisions due to PJI 
in the coming decades has been predicted [2]. In Norway, 
the risk of revision due to infection, as reported to the Nor-
wegian Arthroplasty Register, increased through the period 
2005–2019, but with a trend that the risk of revision levelled 
out [7]. 
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The Nordic Arthroplasty Register Association (NARA), a 
cooperation between 4 Nordic national arthroplasty registers 
(Denmark, Norway, Sweden, and Finland), found an increas-
ing risk of revision due to infection after primary THA during 
the years 1995–2010, and considered it sufficiently important 
to warrant an updated time trend assessment [6]. 

We therefore explored changes in the risk of revision due 
to deep infection for THAs reported to the NARA during the 
years 2004 to 2018, as a follow-up of our previous study [6]. 
In addition, we investigated changes in the time to revision. 

Patients and methods
Dataset of the Nordic Arthroplasty Register Association
The NARA dataset includes individual-based data from the 
Danish, Norwegian, Swedish, and Finnish arthroplasty regis-
ters [8]. Within each register the selected data was transformed 
according to a common set of definitions, and revisions were 
linked to the primary procedures [8].

The dataset includes information on patient characteristics, 
indications for THA, and surgery-related information, includ-
ing the type of implant, method of fixation, and duration of 
surgery. The coverage and completeness of reporting to the 
national registers is validated in various ways in each con-
tributing country. The completeness of reporting of primary 
THAs is generally high, the reporting of revisions due to 
infection somewhat poorer, and the coverage of hospitals and 
completeness of deaths is near complete [9-12]. 

Reported THA revisions due to infection are not necessarily 
the same as rates of PJI. However, we have reason to believe 
that this is a close approximation, as guidelines recommend 
revision in the case of suspected PJI. However, there is limited 
data on completeness of reporting of revisions due to infection 
to the Nordic arthroplasty registers, as well as limited data on 
the accuracy of the diagnosis of infection.

The period of inclusion and observation in this study was 
January 1, 2004 to December 31, 2018. In this period, the 
NARA dataset contained data on 594,108 primary THAs. A 
flowchart of exclusion and inclusion is presented in Figure 1. 
Revisions due to infection in the case of monobloc THAs were 
not recorded if no implant parts were exchanged, and mono-
bloc THAs were hence excluded. 569,463 primary THAs had 
complete information on all covariates and were eligible for 
analyses. Bilateral THAs are dependent observations, but the 
influence of bilaterality on the outcome has been found to be 
negligible; this is also true in the case of infection [13]. Hence, 
patients with bilateral THAs (n = 90,387) were included, and 
the 2 hips were evaluated independently. 

The NARA dataset contains information on date of and 
reason for any first-time revision. Revision due to infection is 
defined as a reoperation with removal or exchange of the entire 
or parts of the prosthesis, where the procedure is reported as 
caused by infection. Isolated soft tissue debridement without 

the exchange of implant parts was not systematically reported 
and was therefore not included. The register form is completed 
(on paper or electronically) immediately after surgery, and the 
indication for the revision, infection or other, is made at the 
surgeon’s discretion, based on perioperative assessment and 
evaluation. Thus, the reported diagnosis is not dependent on 
bacterial cultures of tissue samples collected during the revi-
sion and, hence, the rate of revision due to infection will be 
only an approximation of the rate of true PJI, as defined by the 
European Bone and Joint Infection Society [14]. 

Statistics
Continuous data was described using means, medians, and 
interquartile ranges (IQR). Survival analyses were performed 
by fitting Cox regression models, with year of primary THA 
as the main risk factor. All THAs were followed until their first 
revision due to infection, revision due to other causes, death, 
or until December 31, 2018. Thus, follow-up varied from 0 to 
15 years. 

In addition to year-by-year time trend during the period 
2004–2018, according to the year of primary THA, 3 time 
periods were compared: 2004–2008, 2009–2013, and 2014–
2018, with sub-analyses for the 4 Nordic countries.

Date of revision due to deep infection was the endpoint. 
Adjusted hazard rate ratios (aHR) for risk of revision due to 
infection were calculated. We adjusted for the confounders 
age, sex, indication for primary THA (osteoarthritis, inflam-
matory disease, acute and complications after hip fracture, 
complications after childhood hip disease, avascular necro-
sis of the femoral head, other), and fixation (uncemented, 
cement with antibiotics, cement without antibiotics). Hybrid 
and reverse hybrid fixations were classified according to the 
cement used for fixation of the cemented component. The 
changes, correlation, and impact of these confounders during 
the study period were assessed by descriptive statistics, direct 
acyclic graphs, and Cox regression analyses. 

We used Cox regression analyses, with time period of pri-
mary THA as the stratification factor, to construct cumulative 
revision curves (1 minus cumulative survival) at mean values 
of the covariates [15]. Analyses with follow-up restricted to 
0–5 years for each period were performed, to assess for the 
effect of differences in follow-up. Further, we performed 
subgroup analyses on THAs performed due to osteoarthritis 

Figure 1. Flow-chart of included and excluded primary THAs.

THAs reported to NARA
2004–2018
n = 594,108

Excluded (n = 24,645):
– missing information on type of cement, 18,606
– monobloc THAs, 6,039

THAs included
n = 569,463
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ing risks (death and revision) is negligible, and that K–M 
and Cox analyses are better than competing risk analyses 
(Fine & Gray) in estimating revision risks in arthroplasty 
register data [15]. However, as we assessed only revision due 
to infection, revision due to causes other than infection was 
considered as a competing risk. Therefore, 5-year revision 
rates were calculated for the 3 time periods using both CIF 
and K–M.

Revision aHR due to infection as a function of year of the 
primary THA was also studied, to give a graphical display of 
the relationship between year of primary THA and risk of revi-
sion due to infection, based on a generalized additive model 
for survival data [17]. The analyses were performed in accor-
dance with the guidelines for statistical analyses of arthro-
plasty register data [18]. The proportional hazard assumptions 
of the Cox survival analyses were not completely fulfilled 
among the 3 time periods when visually tested by smoothed 
Schoenfeld residuals. We therefore assessed the risk of revi-
sion due to infection of 0–30 days, 31–90 days, 91 days–1 
year, and 1–5 years postoperatively. 

We calculated 95% confidence intervals (CIs) for revision 
rates and relative risks. We used IBM SPSS 26.0 (IBM Corp, 
Armonk, NY, USA) and the R statistical software package (R 
Foundation for Statistical Computing, Vienna, Austria) for 
analyses, and the study was performed in accordance with the 
RECORD statements.

Ethics, data sharing plan, funding, and disclosures
The registration of data and the study were performed con-
fidentially according to national legislation. Formal approval 
for the study was granted by the ethical approval process of 
each national register. Permission numbers from each coun-
try: the Danish Data protection agency (1-16-02-54-17), 

Denmark; the National Institute of Health and Welfare (Dnro 
THL/1743/.5.05.00/2014), Finland; the Norwegian Data 
Inspectorate (ref 24.1.2017: 16/01622-3/CDG), Norway; 
and the Swedish Ethical Review Authority (1184-18/2019-
00812), Sweden. The data was de-identified nationally before 
the anonymous data was merged into the NARA dataset and 
treated in full confidentiality and in compliance with Nordic 
and EU data protection rules. The study was fully financed by 
the NARA and the Norwegian Arthroplasty Register, and no 
conflict of interest is declared. Completed disclosure forms for 
this article following the ICMJE template are available on the 
article page, doi:10.2340/17453674.2023.13648

Results 

569,463 primary THAs in 479,076 patients met the inclusion 
criteria. 5,653 (1.0%) first revisions due to infection after pri-
mary THA were reported. Median follow-up for the primary 
THAs was 5.4 (IQR 2.5–9.0) years, and median age was 69 
(IQR 62–76) years. 

Time trends of revision due to infection
There was an annual increase in risk of revision due to infec-
tion (1.07, CI 1.06–1.08) throughout the study period (Table 
1, Figure 2). This increased risk was also found when compar-
ing 2009–2013 and 2014–2018 with 2004–2008 (Table 2 and 
Figure 3). The absolute risk estimates showed a corresponding 
increase over time (Table 3). 

The increased risk of revision due to infection was observed 
only during the first 90 days after index surgery (Table 4). 

Excluding THAs performed for reasons other than primary 
osteoarthritis did not alter our findings (data not shown). In 
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Figure 2. The relationship between year of 
primary surgery and risk of revision due to 
deep infection (with 95% CI) for all THAs, 
adjusted for sex, age, indication for primary 
THA, and fixation. The broken line represents 
the aHR in 2004 (aHR = 1).

Figure 3. Adjusted revision percentage due to 
deep infection, for all THAs for 3 periods of 
primary surgery, adjusted for sex, age, indica-
tion for primary THA, and fixation.

only (n = 457,949), representing a more 
homogeneous subgroup. In addition, we 
performed stratified sensitivity analy-
ses for method of fixation (uncemented, 
all-cemented), hybrid (uncemented cup, 
cemented stem), and reverse hybrid 
(cemented cup, uncemented stem) to 
assess the impact of changes over time 
in type of fixation. Because we did not 
have data on comorbidity, we performed 
stratified analyses on age groups (< 55, 
55–75, and >75 years), as a surrogate 
measure of comorbidity and frailty [16]. 

For absolute risk estimates of revision 
due to infection, both Kaplan–Meier 
(K–M) and competing risk (cumula-
tive incidence function, CIF) models 
were used. A study from the Swedish 
Knee Arthroplasty Register found that 
potential overestimation of incidence of 
revision through the effect of compet-
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addition, restricting follow-up for each period to 0–5 years 
also showed similar results (data not shown). 

There were differences in risk of revision due to infection 
between the countries (Tables 5 and 6, Figures 4 and 5, see 
Appendix).

Among the 4 countries, Norway had the highest risk of revi-
sion due to infection (1.3, CI 1.2–1.4), compared with Sweden. 
However, in Norway, we found no increase in the risk of revi-
sion between the latter 2 time periods. In Norway, there was 
a subsequent decreased risk of revision due to infection after 

Table 1. Absolute annual number of primary THAs and revisions due to infection reported for the period 2004–2018, 
total and relative to time after primary surgery, in addition to annual adjusted hazard rates (aHR) for revision due 
to infection 

    
 Number of THAs revised due to infection    
Year of        Annual
primary THAs Total 0–30 31–90 91 days– 1–5 0–5 aHR a of Adjusted 5-year
THA included n (%) days days 1 year years years revision (CI) revision rate (CI)

2004 28,850 235 (0.8)    23    18  43   79  163 1 0.5 (0.5–0.6)
2005 31,769 228 (0.7)    21    21  31   92  165 0.9 (0.7–1.1) 0.5 (0.4–0.6)
2006 32,405 274 (0.8)    45    27  47   88  207 1.2 (0.9–1.4) 0.6 (0.5–0.7)
2007 33,299 317 (1.0)    75    48  42   87  252 1.4 (1.1–1.7) 0.7 (0.7–0.8)
2008 34,057 344 (1.0)  102    37  59   89  287 1.6 (1.3–1.9) 0.8 (0.7–0.9)
2009 37,138 353 (1.0)  109    44  49   86  288 1.4 (1.2–1.7) 0.8 (0.7–0.9)
2010 37,650 354 (0.9)  139    38  51   92  320 1.6 (1.3–1.9) 0.8 (0.7–0.9)
2011 38,313 403 (1.1)  165    65  53   93  376 1.8 (1.5–2.2) 1.0 (0.9–1.1)
2012 39,086 425 (1.1)  181    51  61 109  402 1.9 (1.6–2.3) 1.0 (0.9–1.1)
2013 39,784 443 (1.1)  198    73  71   97  439 2.0 (1.7–2.4) 1.1 (1.0–1.2)
2014 40,514 437 (1.1)  201    74  64   98  437 2.0 (1.7–2.4) 1.1 (1.0–1.1)
2015 42,266 448 (1.1)  221    98  57  (72) b (448) b 2.1 (1.7–2.5) 1.0 (0.9–1.1) c

2016 44,292 532 (1.2)  275  101  90  (66) b (532) b 2.5 (2.1–3.0) 1.2 (1.1–1.3) c

2017 45,041 481 (1.1)  279  111  74  (17) b (481) b 2.5 (2.1–3.0) 1.1 (1.0–1.2) c

2018 44,999 379 (0.8) (247) b (101) b (31) b  (0) b (379) b 2.6 (2.2–3.2) 0.9 (0.8–1.1) c

  569,463 5,653 (1.0) 2,281  907 823  1,165 5,176   

a aHR is adjusted for age, sex, indication for primary THA, and type of fixation
b Not applicable due to incomplete follow-up, number of THAs revised due to infection so far in parenthesis. 
c Underestimation due to incomplete follow-up.

Table 2. Adjusted hazard rates (aHR) for revision due to infection, 
with number of primary THAs included and number of revisions due 
to deep infection reported, for the 3 time periods

 THAs Revised due aHR a for
Year included to infection revision (CI) 

2004–2008 160,380 1,398 1
2009–2013 191,971 1,978 1.4 (1.3–1.5)
2014–2018 217,112 2,277 1.9 (1.7–2.0)

a Adjusted for sex, age, indication for primary THA, and fixation.

Table 3. Incidence and absolute Kaplan–Meier (K–M) and cumula-
tive incidence function (CIF) rates for revision due to infection, in 
addition to Cox adjusted revision rates, with adjustment for sex, 
age, indication for primary THA, and fixation, for the 3 time periods. 
Values are percentages with CI in parentheses

  5-year revision rates due to infection
Year Crude K–M CIF Cox adjusted
 
2004–2008 0.7 0.7 (0.7–0.7) 0.7 (0.7–0.7) 0.7 (0.6–0.7)
2009–2013 1.0 1.0 (0.9–1.0) 1.0 (0.9–1.0) 0.9 (0.9–1.0)
2014–2018 a 1.0 1.2 (1.2–1.3) 1.2 (1.2–1.3) 1.1 (1.1–1.2)

a The rates are underestimate due to incomplete 5-year follow-up.

Table 4. Adjusted hazard rates (aHR) for revision due to infection relative to timespan postoperatively, for the 3 time periods 

 Timespan of revisions due to infection
 THAs 0–30 days 31–90 days 91 days–1 year 1–5 years
Years included Revised     aHR a (CI) Revised     aHR a (CI) Revised     aHR a (CI) Revised     aHR a (CI)
  
2004–2008 160,380 266 1 151 1 222 1 435 1
2009–2013 191,971 792 2.5 (2.1–2.9) 271 1.5 (1.3–1.9) 285 1.1 (0.9–1.3) 477 0.9 (0.8–1.1)
2014–2018 b 217,112 1,223 3.4 (3.0–3.9) 485 2.5 (2.1–3.0) 316 1.1 (1.0–1.4) 253 0.9 (0.8–1.0)

a Adjusted for sex, age, indication for primary THA, and fixation. 
b The number revised due to infection will be an underestimate due to incomplete follow-up.
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the first postoperative year during the period 2013–2018 when 
compared with 2004–2008. 

Finland had a lower risk of revision (0.7, CI 0.7–0.8), com-
pared with Sweden. In contrast to Norway, Finland had no risk 
increase during 2009–2013 when compared with 2004–2008, 
but during the subsequent period (2014–2018) the risk dou-
bled. Finland had a 10-fold increase in revisions within 30 
days of THA in the last period studied, but at the same time 
a risk reduction of 50% beyond 1 year postoperatively, com-
pared with 2004–2008.

Denmark and Sweden had a similar risk of revision due to 
infection. Both countries also had an increased risk of revi-
sion due to infection for both consecutive time periods after 
2004–2008, mainly due to an increased risk of revision within 
90 days of THA. In addition, in Sweden, the risk of revision 
remained increased during the first postoperative year for 
2014–2018, compared with 2004–2008, as opposed to the 
other countries.

The distribution of factors potentially associated with year 
of primary THA and revision due to infection, and used as 
adjustment covariates in the analyses, is presented in Table 7 
(see Appendix). Patient-related factors such as age, sex, and 
indication for primary THA were stable throughout the period 
studied. There was a shift towards more uncemented fixation, 
also in patients older than 75 years in the latter 2 time periods, 
at 22% and 21%, compared with 9% in 2004–2008. 

Discussion

Our main finding was a nearly doubled relative risk and 
absolute rate of revision due to infection after primary THA 
through the period 2004–2018. The rate of revision due to 
infection was 0.7% in 2004–2008 but increased to 1.2% in 
2014–2018. The risk increased especially within 90 days after 
primary THA. This observation confirms the findings in an 
earlier study from NARA [6]. 

There are also other studies reporting an increased risk of 
PJI over time [3-5]. The finding that the increase in risk of 
infection is flattening out after 2010, as found in New York 
State, and in Norway in the present study, is not supported by 
the compiled NARA data [7,19]. 

Several infection surveillance registries report a trend for 
decreasing rates of surgical site infection (SSI) after THA, 
including both superficial and deep infections [20,21]. The 
European Centre for Disease Prevention and Control (ECDC) 
reports a stable in-hospital incidence of SSI after THA since 
2011 [22]. This variety in trends might be explained by the 
differences in definitions and duration of observation between 
SSIs reported in regional or national surveillance systems, and 
revision due to infection, as reported to the arthroplasty regis-
ters. SSI is observed on discharge from hospital or at post-dis-
charge surveillance by a general physician (30 days, 90 days, 
or 1 year postoperatively), in accordance with a specific set of 

diagnostic criteria and strict definition, and may be superficial 
or deep [22]. In the NARA, however, the surgeon reports revi-
sion due to infection to the register at any time after THA, and 
not during a limited period as in the surveillance systems. 

There may be several changes that result in an apparent 
increase in risk of revision due to infection, without an actual 
increased incidence of PJI. 

There has been an increase in the reporting of minor revision 
procedures, such as soft tissue debridement with exchange of 
removable parts of modular implants, and retention of the 
femoral stem and acetabular cup, the so called DAIR proce-
dures (debridement, antibiotics, and implant retention) [23]. 
Such revisions were typically performed 3–12 weeks after pri-
mary THA or onset of symptoms of PJI, to avoid a later revi-
sion of the whole prosthesis. The threshold to perform these 
minor procedures may be lower than for full revisions with 
removal or exchange of the whole prosthesis. These factors 
may explain the increase in reported revisions due to infection 
during the first 3 months postoperatively as found for the latter 
2 time periods in our study. For these time periods we also 
found a trend for reduced risk of revision due to infection later 
than 1 year after primary THA. This may indicate that these 
early DAIRs result in fewer later major revisions due to infec-
tion. It should be mentioned that DAIRs also are performed 
beyond 3 months of primary THA in the case of PJI due to 
acute hematogenous spread. 

Surgeons may also perform and report DAIR due to pro-
longed wound drainage to “save” the implant, and report this to 
the register as revision due to infection. This revision strategy 
is well motivated due to the strong association between pro-
longed wound drainage, superficial SSIs, and PJI [24,25]. As 
mentioned earlier, the reported diagnosis is not dependent on 
bacterial cultures of tissue samples collected during the revi-
sion and, hence, there may be a certain level of misdiagnosis. 

There have been improvements in the diagnostics of PJI, 
and more standardized sampling, culturing, and analyzing 
techniques have led to fewer samples being false negative 
[26,27]. In addition, bacteria like Staphylococcus epidermidis 
and Cutibacterium acnes have emerged as important agents 
of implant infection [28]. These changes may have resulted in 
more low-grade infections being correctly diagnosed, revised, 
and reported, whereas such infections may previously have 
been overlooked or misdiagnosed as aseptic loosening.

Probably a major contributor to the increased risk of revision 
due to infection is improved completeness and coverage of 
reporting. DAIRs may have been underreported as reported by 
Kamp et al. [29]. This may also have changed during the study 
period. Compared with several other arthroplasty registers, the 
Nordic registers have higher rates of revision due to infection 
[5,29,30]. This may reflect a “true” higher risk of PJI in the 
Nordic countries, but more likely is due to improved reporting 
as this has been subject to attention and validation in recent 
years [9-11]. Compared with validation studies from Sweden 
and Denmark, our reporting of revision due to infection at 1% 
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resemble the “true” incidence of PJI reported from these coun-
tries [11,31]. Focus on the importance of thorough reporting has 
probably improved the reporting of revisions due to infection 
in all the Nordic countries, and not only Finland. However, a 
time-trend evaluation of this has not been performed.

There is also the possibility that the increased risk of revi-
sion due to infection reflects a true increase in PJI after THA. A 
possible explanation may be that THA is now being performed 
in frailer patients. Some comorbidities, e.g., obesity and dia-
betes with hyperglycemia, are found to be potent risk factors 
for postoperative infection and have an increasing incidence in 
the population [32,33]. These confounders could contribute to 
an increased risk of infection, but comorbidity covariates are 
unfortunately not included in the NARA dataset. 

Also, increased use of uncemented fixation in patients over 
75 years of age may partly explain the increased risk [7]. Both 
uncemented fixation and advanced age were found to have 
slightly higher risk of revision due to infection, but the impact 
on our findings is probably minor.

Strengths and limitations
Registers can provide a useful source of information on inci-
dences and trends because of large numbers and long dura-
tion of observation. The NARA dataset contains information 
on THA patients and primary and revision surgery, gathered 
uniformly over a long period. Our data are prospective and 
with information on possible risk factors for primary and revi-
sion THA [8]. We therefore have a base for a trend study on a 
relatively rare complication like PJI. Since a large number of 
THAs from nationwide populations were included, external 
validity is expected to be good. 

Register studies, however, have inherent limitations [34]. 
Even if we adjusted for several important factors that could 
be associated with revision due to infection, there will be 
residual time-dependent confounding that may only partly be 
elucidated in an arthroplasty register (i.e., lower threshold of 
DAIR procedures, increasingly obese population, more dia-
betes etc.).

Reported THA revisions due to infection are not necessarily 
the same as rates of PJI. However, we have reason to believe 
that it is a close approximation, as guidelines recommend revi-
sion in the case of suspected PJI, and reporting of revisions to 
the Nordic arthroplasty registers appears to be acceptable [7]. 

Interpretation
Our finding of an increased risk of revision due to infection is 
probably multifactorial. It might not represent a true increase 
in PJI if it could be explained by changes over time in com-
pleteness of reporting, lower revision threshold, improved 
diagnostics, and/or increased surgeon awareness. On the other 
hand, factors such as increasing number of operations on frail 
patients with more comorbidity and higher age at primary 
THA and increasing use of uncemented implants may contrib-
ute to increased incidence of PJI. 

Conclusion
The relative risk and absolute rate of revision due to infection 
after THA increased throughout the period 2004–2018 in the 
Nordic countries. The increase was mainly caused by more 
revisions being performed during the first 90 days postopera-
tively. This may reflect a “true” increase (i.e., frailer patients 
or more use of uncemented implants) and/or an “apparent” 
increase (i.e., improved diagnostics, changed revision strategy, 
or completeness of reporting) in incidence of periprosthetic 
joint infection. It is not possible to disclose such changes in 
the present study and this warrants further research.
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Appendix

Figure 4. The relationship between year of primary surgery and risk of revision due to deep infection (with 95% CI) for all THAs, adjusted for sex, 
age, indication for primary THA, and fixation. The broken line represents the aHR in 2004 (aHR = 1).
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Figure 5. Adjusted revision percentage due to deep infection, for each Nordic country, for all THAs, for 3 periods of primary surgery, adjusted for 
sex, age, indication for primary THA, and fixation.

Table 5. Adjusted hazard rates (aHR) for revision due to infection, 
with number of primary THAs included and number of revisions due 
to deep infection, for the 3 time periods in the 4 Nordic countries 

   Revised  Adjusted 5-
Country THAs due to aHR a for year revision
 Year included infection revision (CI) rate (CI)

Denmark 
 2004–2008 34,812 350 1 0.7 (0.6–0.7)
  2009–2013 43,119 431 1.2 (1.0–1.4) 0.9 (0.8–1.0)
  2014–2018 b 47,727 488 1.7 (1.4–1.9) 1.2 (1.0–1.3) 
Norway
 2004–2008 26,548 304 1 0.9 (0.8–1.0)
  2009–2013 35,882 497 1.4 (1.2–1.6) 1.2 (1.1–1.3)
  2014–2018 b 43,806 508 1.4 (1.2–1.7) 1.1 (1.0–1.2) 
Sweden
 2004–2008 70,113 550 1 0.6 (0.5–0.6)
  2009–2013 79,996 856 1.6 (1.4–1.8) 0.9 (0.9–1.0)
  2014–2018 b 86,927 920 2.1 (1.8–2.3) 1.2 (1.1–1.2) 
Finland
 2004–2008 28,713 194 1 0.5 (0.4–0.6)
  2009–2013 32,780 194 1.0 (0.8–1.2) 0.5 (0.4–0.6)
  2014–2018 b 38,652 361 2.1 (1.8–2.6) 1.0 (0.9–1.1) 

a Adjusted for sex, age, indication for primary THA, and fixation. 
b The number revised due to infection will be an underestimate due 

to incomplete follow-up.
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Table 7. Distribution of patient- and surgery-related factors, in the 3 periods, and the association 
between potential risk factors and revision due to infection. Adjusted hazard rates (aHR) esti-
mates for sex, age, indication for primary THA, and fixation 

  Revised 2004– 2009– 2014–
 THAs due to 2008 2013 2018 aHR a for
Variable included infection  (%)  (%)  (%) revision (CI)

Age 
 < 45  15,565    169 3 3 3 0.9 (0.8–1.1)
  45–54  46,327    458 7 8 9 0.9 (0.8–1.0)
  55–64  130,774 1,259 24 23 22 1.0 (0.9–1.0)
  65–74  207,619 2,019 35 37 38 1  
  75–84  142,478 1,434 26 24 25 1.1 (1.0–1.2)
  ≥ 85  26,700    314 5 5 5 1.3 (1.2–1.5)
Sex 
 Female 336,383 2,550 60 59 59 1  
  Male 233,080 3,103 40 41 41 1.9 (1.8–2.0)
Indication for primary THA 
 Osteoarthritis 457,949 4,226 79 81 81 1  
 Inflammatory disease 10,073    109 3 2 1 1.4 (1.1–1.7)
 Acute and complications
    after hip fracture 52,354    744 10 9 9 1.7 (1.6–1.9)
  Complications after child-
    hood hip disease 19,499    149 3 3 4 0.8 (0.7–0.9)
  Necrosis of the femoral 
    head 11,586    184 2 2 2 1.7 (1.5–2.0)
  Other diagnoses 18,002    241 4 3 3 1.6 (1.4–1.8)
Cement
 No 225,250 2,219 28 42 46 1.1 (1.0–1.2)
  With antibiotics 317,006 3,119 63 55 51 1  
  Without antibiotics 27,207    315 9 3 3 1.4 (1.3–1.7)
Country 
 Denmark 125,658 1,269 (1.0%) 22 22 22 0.9 (0.8–1.0)
  Norway 106,236 1,309 (1.2%) 17 19 20 1.3 (1.2–1.4)
  Sweden 237,036 2,326 (1.0%) 44 42 40 1  
  Finland 100,533    749 (0.7%) 18 17 18 0.7 (0.7–0.8)

a Adjusted for age, sex, indication for primary THA, fixation, and year of primary THA. 

Table 6. Adjusted hazard rates (aHR) for revision due to infection relative to timespan postoperatively, for the 3 time periods 
in the 4 Nordic countries 

 Timespan of revisions due to infection
 THAs 0–30 days 31–90 days 91 days–1 year 1–5 years
Years included Revised     aHR a (CI) Revised     aHR a (CI) Revised     aHR a (CI) Revised     aHR a (CI)
  
Denmark
 2004–2008 34,812 72 1 39 1 61 1 97 1
 2009–2013 43,119 135 1.6 (1.2–2.1) 79 1.8 (1.2–2.7) 78 1.1 (0.8–1.5) 103 0.9 (0.7–1.2)
 2014–2018 b 47,727 247 2.6 (2.0–3.4) 111 2.4 (1.7–3.5) 63 0.8 (0.6–1.2) 67 1.1 (0.8–1.5)
Norway                  
 2004–2008 26,548 82 1 35 1 29 1 98 1
 2009–2013 35,882 277 2.5 (2.0–3.3) 54 1.2 (0.8–1.8) 53 1.3 (0.8–2.0) 82 0.6 (0.4–0.8)
 2014–2018 b 43,806 309 2.3 (1.8–3.0) 83 1.5 (1.0–2.2) 72 1.5 (0.9–2.3) 44 0.5 (0.4–0.8)
Sweden                  
 2004–2008 70,113 98 1 61 1 73 1 178 1
 2009–2013 79,996 321 2.8 (2.3–3.6) 122 1.7 (1.2–2.3) 109 1.3 (1.0–1.8) 239 1.1 (0.9–1.4)
 2014–2018 b 86,927 441 3.5 (2.8–4.4) 221 2.8 (2.1–3.7) 135 1.6 (1.2–2.1) 123 1.1 (0.8–1.4)
Finland                  
 2004–2008 28,907 14 1 16 1 59 1 62 1
 2009–2013 32,974 59 3.4 (1.9–6.1) 16 0.8 (0.4–1.5) 45 0.7 (0.5–1.0) 53 0.8 (0.5–1.1)
 2014–2018 b 38,652 226 10.8 (6.3–18.7) 70 3.0 (1.7–5.2) 46 0.6 (0.4–0.9) 19 0.5 (0.3–0.9)

a Adjusted for sex, age, indication for primary THA, and fixation. 
b The number revised due to infection will be an underestimate due to incomplete follow-up


