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Background and purpose — We aimed to examine the 
temporal trends in periprosthetic joint infection (PJI) revi-
sion incidence after knee arthroplasty (KA) from 1997 
through 2019.

Patients and methods — 115,120 primary KA cases 
from the Danish Knee Arthroplasty Register were followed 
until the first PJI revision. We computed cumulative inci-
dences and adjusted hazard ratios (aHRs) of PJI revision by 
calendar periods and several patient- and surgical-related 
risk factors. Results were analyzed from 0–3 months and 
from 3–12 months after KA.

Results — The overall 1-year PJI revision incidence was 
0.7%, increasing from 0.5% to 0.7% (1997 through 2019). 
The incidence of PJI revision within 3 months increased 
from 0.1% to 0.5% (1997 through 2019). The adjusted hazard 
ratio (aHR) within 3 months of primary KA was 5.1 compar-
ing 2017–2019 with 2001–2004. The PJI revision incidence 
from 3–12 months of KA decreased from 0.4% to 0.2%, with 
an aHR of 0.5 for 2017–2019 vs. 2001–2004. Male sex, age 
75–84 (vs. 65–74), and extreme obesity (vs. normal weight) 
were positively associated with the risk of PJI revision within 
3 months, whereas only male sex was associated from 3–12 
months. Partial knee arthroplasty (PKA) vs. total KA was 
associated with a lower risk of PJI revision both within 3 
months and 3–12 months of KA.

Conclusion — We observed an increase in PJI revision 
within 3 months of KA, and a decrease in PJI revision inci-
dence from 3–12 months from 1997 through 2019. The rea-
sons for this observed time-trend are thought to be multifac-
torial. PKA was associated with a lower risk of PJI revision.

Periprosthetic joint infection (PJI) after knee arthroplasty 
(KA) is a serious complication associated with increased mor-
tality and morbidity, including persistent pain, disability, and 
impaired quality of life [1,2]. In addition, the economic burden 
of PJI treatment is substantial [3], making it a major patient 
and healthcare challenge. 

PJI can occur early after KA and is thought to be acquired 
during the prosthesis implantation, or later as hematogenous 
seeding [4]. There is an inconsistency in results from studies 
analyzing the time trend in the incidence of PJI after KA. 

Several risk factors [5] associated with PJI have been 
described, including age, sex, type of prosthesis, BMI, and 
comorbidity. Existing evidence [5,6] is limited by substantial 
inter-study heterogeneity, inadequate adjustment for con-
founders, and older publication date, leaving uncertain the 
importance of these risk factors. 

There is a need for large cohort studies with adequate power 
to provide evidence concerning the nature and magnitude of 
associations between time, potential risk factors, and PJI, and 
to separate the analyses of the time-specific effects of fac-
tors associated with an early onset of PJI that are likely to be 
acquired during the primary KA versus factors associated with 
a later onset of PJI that are more likely to result from hema-
togenous spread.

We therefore aimed to examine the time trends in PJI revi-
sion incidence after primary KA within the first year after KA 
surgery and associated risk factors, and their change in preva-
lence over time, between 1997 and 2019 in Denmark.

Patients and methods
Design
We conducted a nationwide population-based cohort study 
using data from the Danish Civil Registration System (DCRS), 
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the Danish Knee Arthroplasty Register (DKR), and the Danish 
National Patient Registry (DNPR) [7,8]. Denmark (5.3 million 
residents in 1997; 5.8 million in 2019) has tax-supported uni-
versal free healthcare with a long tradition of using databases, 
linkable through an individual’s 10-digit Civil Personal Reg-
istration (CPR) number, assigned at birth or on immigration. 

The DKR is a nationwide mandatory clinical quality 
database on primary KA and revisions performed in public 
and private hospitals in Denmark since 1997. Data is regis-
tered by the surgeon immediately after surgery. In 2019, 40 
orthopedic departments (23 public and 17 private) reported 
to the DKR. The PJI variable in the DKR was until ultimo 
2012 only “revision due to deep infection,” and thereafter 
it was split into “deep infection, verified by microbiology” 
and “deep infection suspected.” The DKR aims to reach a 
registration completeness of Danish KAs of more than 90% 
[8]. The completeness of both primary KAs and revisions is 
evaluated in the annual report against procedure codes from 
the DNPR [9]. 

The DNPR holds data on all inpatient admissions to Danish 
hospitals since 1977, and since 1995 for all outpatient clin-
ics and emergency room visits. Discharge diagnosis codes of 
each hospital contact are registered as the main reason, and, 
when relevant, secondary diagnoses related to the contact, 
e.g., underlying comorbidities [7].

Cohort
From the DKR, we included patients undergoing primary 
KA due to osteoarthritis (OA) between January 1, 1997, and 
December 31, 2019. We excluded patients treated with KA 
for reasons other than OA and if they were revised or died on 
the day of primary KA. The day of primary KA surgery was 
considered the index date. If a patient had KA surgery on both 
knees, these were included as 2 separate cases. The analyses 
of PJI revisions from 3–12 months were based on the patients 
still alive and revision free at 90 days.

Outcome 
Our outcome was the chronologically first same-side revision 
within the first 3 months or from 3–12 months after the index 
date, registered in the DKR due to PJI; “suspected” or “verified 
by microbiology.” We included both causes, as PJI remains a 
clinical diagnosis [10]. Aseptic causes of revision in the DKR 
were aseptic loosening, instability, pain, other, and unknown. 
Infections treated non-surgically are not registered in the DKR 
and were not considered. If revision surgery required several 
stages, every stage was registered separately in the DKR, and 
the chronologically first revision was considered the outcome 
date. 

Covariates
From the DCRS we assessed median age (years with inter-
quartile range [IQR]), age groups (< 54, 55–64, 65–74, 75–84, 
> 85 years), and sex. 

From the DKR we assessed the year of primary KA, the 
type of KA: total KA ( TKA, including revision implants 
used for primary KA; revision implants are hinges, rotating 
hinges, and implants that are marketed especially for revi-
sion cases or difficult primaries, as well as modular TKA 
using longer stem extensions than typical for a standard 
implant), partial KA (PKA, including medial and lateral uni-
compartmental KA and patellofemoral KA), and unknown/
other including e.g., hemicap, UniSpacer, or inlays), weight 
(kg with IQR), and BMI as classified by the World Health 
Organization (WHO) (normal weight < 25 [under- and 
normal weight], overweight 25–29.9, obese 30–34.9 [class 
I], and extremely obese > 35, [class II and III]). The height 
variable was added to the DKR in 2011 and hence the BMI is 
only reported thereafter.

From the DNPR we assessed comorbidity history 10 years 
before the index date measured by the Charlson Comorbidity 
Index (CCI), including diagnosis codes for both primary and 
secondary, as well as in-hospital and outpatient clinic visits. 
We defined 3 levels of comorbidity: low (CCI points = 0), 
medium (CCI points 1–2), and high (CCI points ≥ 3).

Statistics 
Distributions of baseline characteristics at the index date were 
tabulated as numbers and percentages of cases overall and by 
calendar periods of primary KA surgery (1997–2000, 2001–
2004, 2005–2008, 2009–2012, 2013–2016, and 2017–2019). 
Each patient was followed from the index date to the date of 
the first PJI revision, aseptic revision, death, emigration, or 
until 12 months after index surgery, whichever came first. All 
cases had a minimum of 1 year of follow-up, and PJI revision 
incidences were computed for 1 year, within 3 months, and 
3–12 months after the index date, by calendar periods. 

The net risk of PJI revision was calculated with the 1-minus-
survival Kaplan–Meier (KM) method, censoring at aseptic revi-
sion and death. This provides a “surgeon’s perspective,” useful 
for administering resources for PJI revisions. To provide a clini-
cal or “patient’s perspective,” we calculated the risk of PJI revi-
sion using the Aalen Johansen (AJ) method, considering aseptic 
revisions and death as competing risks. This is relatable for the 
patient, as it provides the risk of being revised due to PJI, taking 
aseptic revisions and mortality into account [11].

To analyze the time trend, we used Cox regression to esti-
mate cause-specific hazard rate (HR) ratios for PJI revision 
with a 95% confidence interval (CI) comparing the HR of PJI 
revision in different calendar periods with the second period, 
2001–2004. Assumptions of proportional hazards were tested 
through log–log plots and were not met if we included the 
first calendar period, 1997–2000, as the HR of PJI revision in 
this first period differed from the subsequent periods, perhaps 
due to incomplete registrations in the first years of the DKR. 
Therefore, we used the second calendar period, 2001–2004, 
as a reference. The time trend analysis was adjusted for con-
founders of age group, sex, type of prosthesis, CCI group, and 



Acta Orthopaedica 2023; 94: 616–624  618

weight (as a continuous variable) based on previous evidence 
on risk factors.

To perform an etiological analysis of each risk factor and 
the association with PJI revision, we estimated the HR by age 
group, sex, type of prosthesis, BMI group, and CCI group. 
To avoid the Table 2 fallacy, we analyzed each risk factor 
separately by repeating a Cox regression for each risk factor. 
Separate DAG models were drawn to decide on confounders 
(Figure 1, see Appendix).

The content of this paper follows the STROBE guidelines 
[12]. Analyses were performed using SAS V.9.4 (SAS Insti-
tute, Cary, NC, USA) and R V.3.6.1 (R Foundation for Clini-
cal Computing, Vienna, Austria). 

Ethics, registration, data sharing plan, funding, and 
disclosures 
The study was approved by the Danish Data Protection 
Agency (Record number AU-2016–051–000001, sequential 
number 880), and was funded by the Health Research Fund 
of Central Region Denmark and the Research Fund of the 
Institute of Clinical Medicine, Aarhus University, Denmark. 
The funders played no role in the investigation. Data was 
obtained specifically for this project, based on permissions 
required by the relevant Danish data authorities, which do not 
allow sharing of data with third parties. The authors declared 
no conflicts of interest. Complete disclosure of interest forms 
according to ICMJE are available on the article page, doi: 
10.2340/17453674.2023.33294

Results
Cohort
We included 115,120 cases, who had undergone primary KA 
due to OA between 1997 and 2019. 26 cases were excluded 
due to revision or death on the day of primary KA (Figure 

2). 114,029 cases were still alive and revision-free after 90 
days and were included in the analysis of PJI revision from 
3–12 months following KA. Patient characteristics according 
to calendar periods are presented in Table 1. The median age 
was stable throughout the study period. The largest age group 
was 65–74 years of age, accounting for 40% over the study 
period. The proportion of male patients increased from 32% 
in 1997–2000 to 42% in 2018–2019. In 1997–2000 83% had 
a TKA decreasing to 73% in 2018–2019, as the proportion of 
cases having a PKA increased from 2% in 1997–2000 to 19% 
in 2018–2019. 

Of the cases operated on in 1997–200, 97% had a low CCI, 
3% a medium CCI, and 0.4% a high CCI. This pattern was the 
same throughout the study period.

The median weight was 80 kg (IQR 70–90) in 1997–2000 
and 85 kg (75–97) in 2017–2019. From 2011 through 2019 an 
increasing proportion of cases were obese (25% to 27%) or 
extremely obese (13% to 16%).

Time trend in the incidence of PJI revision
The overall 1-year incidence of PJI revision was 0.7 (CI 0.6– 
0.7) (Figure 3, Table 2, see Appendix). 

The KM 1-year incidence of PJI revision increased from 0.5 
(0.3–0.7) in 1997–2000 to 0.7 (0.6–0.8) in 2017–2019, driven 
by an increase from 0.1 (0.0–0.2) to 0.5 (0.5–0.6) in PJI revi-
sion within 3 months. We observed a decrease in the inci-
dence of PJI revisions from 3–12 months throughout the study 
period from 0.4 (0.3–0.7) to 0.2 (0.1–0.2) (Figure 3, Table 2, 
see Appendix). We found nearly identical results, using the 
AJ model, when considering aseptic revisions and death as 
competing risks (Table 2, see Appendix). 

The aHR for 1-year PJI revision was 1.6 (1.2–2.2) in 2018–
2019 vs. 2001–2004 (Table 3). The aHR for sustaining a PJI 
revision within 3 months was 5.1 (2.8–9.5) in 2018–2019 vs. 
2001–2004; and for PJI revision within 3–12 months of KA 
this was 0.5 (0.3–0.8) in 2018–2019 vs. 2001–2004 (Table 3). 

All primary knee arthroplasties from 
the Danish Knee Arthroplasty Register
performed between January 1, 1997 

and December 31, 2019
n = 137,294 

Excluded
Indication not osteoarthritis

n = 22,148

Excluded
Revised or dead on day 

of primary surgery
n = 26

All primary knee arthroplasties
for osteoarthritis

n = 115,146

Primary knee arthroplasties
for osteoarthritis with minimum

1-year follow-up
n = 115,120

Figure 2. Flowchart for inclusion in and 
exclusion from the study population.
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Figure 3. Cumulative incidence of PJI revi-
sion (1-minus-survival Kaplan–Meier plot) for 
all patients and by year of primary surgery.

Figure 4. Cumulative incidences of PJI revi-
sion with 95% confidence interval stratified 
by type of prosthesis.
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Risk factors for PJI revision
Factors associated with an increased risk of PJI revision 
within 3 months were age 75–84 years (vs age 65–74) aHR: 
1.4 (1.1–1.7), male sex (vs female) aHR: 1.8 (1.5–2.1); and 
extreme obesity (vs normal weight) aHR: 1.7 (1.1–2.4). Only 
male sex (vs female) remained a risk factor for PJI revision 
from 3–12 months of KA, aHR: 2 (1.6–2.5). There was a trend 
towards high CCI (vs low CCI) being associated with a higher 
risk of PJI revision, both within 3 months and 3–12 months 
of KA. PKA (vs TKA) was associated with a lower risk of 
PJI revision, both within 3 months and 3–12 months of KA 
(aHR within 3 months: 0.6, CI 0.4–0.8; 3–12 months: 0.4 CI, 
0.2–0.6) (Table 3). The cumulative PJI revision incidence was 
lower for PKA than for TKA within the first year after surgery 
(aHR 0.6, CI 0.4–0.9) (Figure 4). 

Discussion 

We aimed to examine the temporal trends in periprosthetic 
joint infection (PJI) revision incidence after knee arthroplasty 
(KA) surgery from 1997 through 2019 in Denmark. We found 
an increased incidence of PJI revision within 3 months, and a 

decrease of PJI revisions from 3–12 months of KA, during the 
last 22 years. However, in general the incidence of PJI revi-
sion after KA was low.

High age, male sex, extreme obesity, and high CCI were 
associated with an increased risk of PJI revision, whereas 
PKA vs TKA was associated with a lower risk.

Comparisons with other studies
The low overall 1-year PJI revision incidence of 0.7% found 
in our study is consistent with the previous results [13-16], 
despite variations in the cohorts (e.g., only TKA patients [15], 
all indications and not only OA [13], and non-contemporane-
ous study periods. 

A Swedish study [17] on PJI after TKA found a 2-year inci-
dence rate of 1.45%, twice the 1-year incidence found in the 
present study. Given that the majority of PJIs manifest within 
the initial year following primary KA surgery, a 1.45% inci-
dence appears high when compared with a 1-year incidence 
rate of 0.7%. However, it is important to note that in the 
Swedish study, data from the Swedish Arthroplasty Regis-
ter was amalgamated with data from the Swedish Prescribed 
Drug Register to identify cases of PJI treated with antibiotics. 
This highlights a well-recognized limitation concerning the 

Table 1. Characteristics of patients having knee arthroplasty surgery in Denmark between 1997 and 2019

Factor	 1997–2000	 2001–2004	 2005–2008	 2009–2012	 2013–2016	 2017–2019	 1997–2019

Total, n	 5,633	 11,478	 20,362	 27,510	 26,881	 23,256	 115,120
Age, median (IQR)	 72 (64–77)	 70 (62–77)	 69 (62–75)	 68 (62–75)	 69 (62–75)	 70 (62–75)	 69 (62–75)
Age group 							     
 < 55	 273 (4.9)	 592 (5.2)	 1,279 (6.4)	 2,082 (7.7)	 1,906 (7.2)	 1,472 (6.4)	 7,604 (6.7)
 55–64	 1,187 (21)	 2,870 (25)	 5,567 (28)	 6,942 (26)	 6,220 (24)	 5,488 (24)	 28,274 (25)
 65–74	 2,077 (37)	 4,038 (36)	 7,541 (38)	 10,959 (40)	 11,225 (42)	 9,386 (41)	 45,226 (40)
 75–84	 1,841 (33)	 3,429 (30)	 4,942 (25)	 6,214 (23)	 6,379 (24)	 5,951 (26)	 28,756 (25)
 ≥ 85	 206 (3.7)	 383 (3.4)	 738 (3.7)	 911 (3.4)	 775 (2.9)	 617 (2.7)	 3,630 (3.2)
Sex 							     
 Male	 1,756 (31)	 3,939 (34)	 7,458 (37)	 10,726 (39)	 10,739 (40)	 9,603 (41)	 44,221 (38)
 Female	 3,877 (69)	 7,539 (66)	 12,904 (63)	 16,784 (61)	 16,142 (60)	 13,653 (59)	 70,899 (62)
Type of prosthesis a							     
 TKA	 4,695 (83)	 9,837 (86)	 1,6870 (83)	 23,755 (86)	 22,766 (85)	 17,876 (77)	 95,799 (83)
 PKA	 114 (2.0)	 571 (5.0)	 1,548 (7.6)	 2,473 (9.0)	 3,483 (13)	 4,507 (19)	 12,696 (11)
 Other/unknown	 824 (15)	 1,070 (9.3)	 1,944 (9.5)	 1,282 (4.7)	 632 (2.4)	 873 (3.8)	 6,625 (5.8)
CCI group							     
 Low (0)	 5,439 (97)	 10,992 (96)	 19,460 (96)	 26,402 (96)	 25,802 (96)	 22,560 (97)	 110,655 (96)
 Medium (1–2)	 173 (3.1)	 421 (3.7)	 779 (3.8)	 938 (3.4)	 915 (3.4)	 573 (2.5)	 3799 (3.3)
 High (≥ 3)	 21 (0.4)	 65 (0.6)	 123 (0.6)	 170 (0.6)	 164 (0.6)	 123 (0.5)	 666 (0.6)
Weight (kg), median (IQR) b	 80 (70–90)	 80 (70–90)	 81 (72–93)	 82 (73–95)	 84 (74–96)	 85 (75–97)	 83 (72–95)
BMI 							     
 Normal weight (< 25)	 –	 –	 –	 22,41 (22)	 5,202 (20)	 4,317 (19)	 11,765 (20)
 Overweight (25–30)	 –	 –	 –	 4,167 (41)	 10,548 (40)	 8,978 (39)	 23,701 (40)
 Obese (30–35)	 –	 –	 –	 2,562 (25)	 6,757 (26)	 6,219 (27)	 15,541 (26)
 Extremely obese (> 35)	 –	 –	 –	 1,324 (13)	 3,907 (15)	 3,599 (16)	 8831 (15)
Percentage with BMI information c	 –	 –	 –	 57	 98	 99	 52

BMI, body mass index; CCI, Charlson Comorbidity Index; IQR, interquartile range.
a Type of prosthesis: PKA = partial knee arthroplasty (i.e., unicompartmental knee replacement, medial, lateral, or patellofemoral); TKA = total 

knee arthroplasty with standard or revision implants used for primary KA. Revision implants are hinges, rotating hinges, implants that are 
marketed especially for revision cases or difficult primaries as well as modular TKA using longer stem extensions than typical for a standard 
implant.) “Other/unknown” includes other partial knee replacement (n = 51) (e.g., hemicap, UniSpacer or inlays), and unknown (n = 6,574). 

b 98% of patients had a registered weight.
c The height variable was added to the DKR in 2011. 
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underreporting of PJI revisions 
in arthroplasty registers, which 
could potentially influence the 
outcomes of our own study. 
Although some studies report a 
decrease (Canada, 2002–2016, 
follow-up 1–15 years) [13] or no 
change in PJI incidence (United 
States, 2005–2015, follow-up 
1–5 years) [15], others report an 
increase in PJI incidence (Aus-
tralia, Sweden, United States, 
2003–2017, follow-up 1 year) 
[14]. Only 1 study analyzed PJI 
revision within 3 months of KA 
and found a 2.5-fold increase 
(England and Wales, 2005–
2013) [18]. 

The inconsistency in time 
trends reported from previous 
studies [13-15,18] could be due 
to methodological differences 
and differences in completeness 
and validity of the PJI revision 
definition used. Apart from one 
study, they all lacked adjust-
ment for confounders when 
analyzing the time trend. This 
1 study adjusted for several 
confounders including CCI in 
the Cox regression model and 
reported no change in 1-year 
risk of PJI revision from 2005 
through 2015 but did not look at 
shorter follow-up than 1 year. A 
separate analysis of risk of PJI 
revision within 3 months of KA 
over calendar time was reported 
only in a large study from Eng-
land and Wales, and consistent 
with our results, they found an 
increased rate of PJI revision 
within 3 months (2013 vs. 2005, 
crude rate ratio 2.5, CI 1.2–5.3). 
However, no adjusted rate ratio 
estimates were presented. 

Interpretation of time trend 
results
The reasons for the observed 
historical increase in the risk 
of PJI revision within 3 months 
after KA are thought to be mul-
tifactorial and likely include a 

Table 3. Risk factors for PJI revision after KA and their adjusted Hazard ratios for PJI after KA (forest plot) 
for within 3 months of KA and 3–12 months of KA

 	 At risk at		  Cumulative
 	 index date	 PJI	 incidence (CI)	 aHR (CI)	 aHR (CI)

PJI revision within 3 months
 Year of surgery	
 	 1997–2000	 5,597	 – a	 0.1 (0.0–0.2)	 –
 	 2001–2004	 11,402	 12	 0.1 (0–0.2)	 Ref
 	 2005–2008	 20,171	 60	 0.3 (0.2–0.4)	 2.8 (1.4–5.3)
 	 2009–2012	 27,221	 122	 0.4 (0.4–0.5)	 4.3 (2.3–8.0)
 	 2013–2016	 26,613	 114	 0.4 (0.3–0.5)	 3.9 (2.1–7.3)
 	 2017–2019	 23,028	 127	 0.5 (0.5–0.6)	 5.1 (2.8–9.5)
 Age group	
 	 < 54	 7,552	 29	 0.4 (0.2–0.5)	 1.0 (0.7–1.5)
 	 55–64	 28,094	 89	 0.3 (0.2–0.4)	 0.9 (0.7–1.1)
 	 65–74	 44,854	 168	 0.4 (0.3–0.4)	 Ref
 	 75–84	 28,360	 135	 0.5 (0.4–0.6)	 1.4 (1.1–1.7)
 	 ≥ 85	 3,549	 14	 0.4 (0.2–0.6)	 1.2 (0.7–2)
 Sex
 	 Female	 70,341	 205	 0.5 (0.5–0.6)	 Ref
 	 Male	 43,691	 233	 0.3 (0.3–0.3)	 1.8 (1.5–2.1)
 Prosthesis	
 	 TKA	 94,885	 390	 0.4 (0.4–0.4)	 Ref
 	 PKA	 12,567	 36	 0.3 (0.2–0.4)	 0.6 (0.4–0.9)
 	 Unknown/other	 6,580	 12	 0.2 (0.1–0.3)	 0.6 (0.3–1.0)
 BMI group	
 	 Normal weight	 11,308	 56	 0.5 (0.4–0.6)	 Ref
 	 Overweight	 23,498	 112	 0.5 (0.4–0.6)	 0.8 (0.6–1.1)
 	 Obese	 15,537	 59	 0.4 (0.3–0.5)	 0.9 (0.7–1.2)
 	 Extremely obese	 8,738	 60	 0.7 (0.5–0.9)	 1.7 (1.1–2.4)
 CCI group	
 	 Low	 109,623	 412	 0.4 (0.3–0.4)	 Ref
 	 Medium	 3,751	 22	 0.6 (0.8–0.8)	 1.5 (1–2.4)
 	 High	 658	 – a	 0.6 (0–1.2)	 1.5 (0.5–3.9)
PJI revision 3–12 months
 Year of surgery	
 	 1997–2000	 5,471	 25	 0.4 (0.3–0.6)	 –
 	 2001–2004	 11,172	 38	 0.3 (0.2–0.4)	 Ref
 	 2005–2008	 19,740	 63	 0.3 (0.2–0.4)	 0.8 (0.6–1.3)
 	 2009–2012	 26,628	 89	 0.3 (0.3–0.4)	 0.9 (0.6–1.4)
 	 2013–2016	 26,163	 55	 0.2 (0.2–0.3)	 0.6 (0.4–0.9)
 	 2017–2019	 22,687	 42	 0.2 (0.1–0.2)	 0.5 (0.3–0.8)
 Age group	
 	 < 54	 7,369	 18	 0.2 (0.1–0.4)	 0.9 (0.6–1.5)
 	 55–64	 27,623	 82	 0.3 (0.2–0.4)	 1.1 (0.8–1.4)
 	 65–74	 44,101	 119	 0.3 (0.2–0.3)	 Ref
 	 75–84	 27,768	 78	 0.3 (0.2–0.3)	 1.1 (0.8–1.4)
 	 ≥ 85	 3,410	 11	 0.3 (0.1–0.5)	 1.2 (0.7–2.3)
 Sex	
 	 Female	 69,167	 141	 0.2 (0.2–0.2)	 Ref
 	 Male	 42,694	 171	 0.4 (0.3–0.5)	 2 (1.6–2.5)
 Prosthesis	
 	 TKA	 93,201	 280	 0.3 (0.3–0.3)	 Ref
 	 PKA	 12,259	 13	 0.1 (0–0.2)	 0.4 (0.2–0.6)
 	 Unknown/other	 6,401	 19	 0.3 (0.2–0.4)	 0.9 (0.6–1.4)
 BMI group	
 	 Normal weight	 11,102	 20	 0.2 (0.1–0.3)	 Ref
 	 Overweight	 23,095	 52	 0.2 (0.2–0.3)	 1.3 (0.7–2.3)
 	 Obese	 15,284	 37	 0.2 (0.2–0.3)	 1.2 (0.7–2.1)
 	 Extremely obese	 8,594	 24	 0.3 (0.2–0.4)	 1.7 (0.9–3.2)
 CCI group	
 	 Low	 107,551	 298	 0.3 (0.2–0.3)	 Ref
 	 Medium	 3,680	 10	 0.3 (0.1–0.4)	 1 (0.5–1.8)
 	 High	 630	 – a	 0.6 (0–1.2)	 2.2 (0.8–6)
 						    
BMI: body mass index; CCI: Charlson Comorbidity Index; CI: confidence interval; KA: knee arthroplasty; 
PJI: periprosthetic joint infection; PKA: partial knee arthroplasty; TKA: total knee arthroplasty.
Adjustments: Year of surgery: age group, sex, type of prosthesis, CCI group, and weight (as a continuous 
variable); Age group: sex and year of surgery; Sex: age group, year of surgery; Type of prosthesis: age 
group, sex, CCI group, year of surgery; BMI group: age group, sex, year of surgery; CCI group: age group, 
sex, year of surgery.
a Numbers too few to be reported.

0 1 2 3 4 5 6

0 1 2 3 4 5 6
aHR (CI)

0 1 2 3 4 5 6
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combined effect of a change in (1) the patient characteristics, 
(2) the diagnosis and treatment patterns, and (3) the causing 
pathogens. The establishment of expert consensus guidelines 
for a PJI diagnosis in 2013, and in revised form in 2018 [10,19], 
may have improved diagnostic confidence and awareness of 
PJI. Hypothetically this could have led to a more aggressive 
surgical approach for patients suspected of or diagnosed with 
PJI, shifting time of PJI revision towards an earlier time frame. 
This is supported by Figure 3. A Swedish study comparing 
treatment of PJI in 2 time periods also reported a reduced ten-
dency to treat PJI without surgery [17]. Other shifts in treat-
ment praxis during the study period in Denmark have included 
a reduction in length of stay [20] and an observed change in the 
use of antibiotics [21]. No studies have explored these changes 
in treatment among Danish KA patients. An Australian study 
[22] investigating PJI following total hip arthroplasty reported 
elevated antibiotic utilization both preceding and succeeding 
the initial hip surgery among patients who underwent subse-
quent PJI revision, as opposed to patients who did not undergo 
revision or who underwent revision for aseptic causes. This 
observation suggests a potential association between periop-
erative antibiotic usage and the risk of PJI revision, although it 
is important to acknowledge the possibility that bias by indica-
tion influenced these findings.

Throughout the study period the patient demographic has 
changed, with some factors contributing to an increase, others 
to a decrease in the risk of PJI revision over time. 

Changes towards a higher proportion of male and more 
obese patients have contributed to an increase in the risk of 
PJI revision during the study period, whereas an increasing 
percentage of PKA associated with a lower risk of PJI revision 
has reduced this effect. The comorbidity burden was stable 
throughout the period. To evaluate the overall effect of the 
changes in patient demographic on the risk of PJI revision 
within 3 months, we computed both crude and adjusted HR 
(Table 4, see Appendix). Similar results led to the conclusion 
that changes in patient demographics were not the main reason 
for the increase in the risk of PJI revision within 3 months. 

The leading pathogens causing PJI revision within 3 months 
after KA are Staphylococcus aureus and coagulase-negative 
staphylococci. Their reduced susceptibility to antimicrobials 
has been observed, especially for coagulase-negative staphy-
lococci. This could decrease the effectiveness of periopera-
tive antibiotics and potentially contribute to the increase in PJI 
revision within 3 months [23].

Interpretation of risk factors 
In line with our findings, the largest study on risk factors of PJI 
after KA from the UK [5] identified male sex, comorbidity, and 
obesity as associated with a higher relative risk of PJI revision, 
and PKA vs. TKA as associated with a lower relative risk of 
PJI revision, the latter similar to findings from Sweden [16].

Compared with females, the higher relative risk of PJI revi-
sion in males may be due to greater comorbidities and poorer 

health behaviors [24], which have been shown to increase the 
risk of PJI revision [5]. Obesity is associated with prolonged 
operative time, the presence of other medical comorbidities, 
and an increased risk of wound complications, all factors asso-
ciated with an increased risk of PJI revision after KA [5].

The negative association between PKA and the risk of PJI 
revision may be attributed to the smaller implants and inci-
sions used in PKA, and maybe healthier patients compared 
with TKA. To be considered for a PKA in Denmark, patients 
must meet specific radiographic criteria for unicompartmen-
tal disease. In a UK study [25] it was shown that candidacy 
for PKA was met by 48% of knees in a series of 200 knees 
planned for TKA. In our study, 19% received a PKA from 
2017 through 2019. Considering the potential differences in 
PKA and TKA patient phenotypes, further studies are needed 
to investigate whether confounding by indication has biased 
the risk results.

Strengths
This study is strengthened by a nationwide population-based 
study design with large sample size and complete follow-up, 
reducing potential selection bias. 

Limitations
This register study has some limitations [26]. Our outcome 
“reported PJI revision” includes only deep PJIs that require 
surgery. Superficial PJIs treated without surgery are not 
included in our study. There is international consensus that PJI 
almost always necessitates surgical intervention [27]. Com-
pared with the DNPR, the completeness of the DKR was high 
throughout the study period (for primary KA: 77% (1997), 
92% (2009), and 96% (2019); for revisions: 57% (1997), 89% 
(2009), and 92% (2019) [8]. The higher completeness in the 
most recent years would have affected the observed trend 
if registered TKA cases differed from non-registered cases. 
Unfortunately, data on completeness of cause-specific revi-
sions is not available.

The study results rely solely on arthroplasty register data to 
identify PJI revision. However, previous research has revealed 
that arthroplasty registers underreport PJI revision rates in 
several settings: by 13% in Finland [28)] (knee); by 33% and 
44% in Sweden [17,29] (hip and knee respectively); by 37% 
in New Zealand [30] (hip and knee), and by 40% in Denmark 
[31] (hip). There are no grounds for considering that the com-
pleteness of PJI revision detection within the DKR is higher 
than in other registers. This should be considered when evalu-
ating our absolute risk estimates. 

There is also a risk of misclassification as no microbiologi-
cal sample results are available at the time of reporting, lead-
ing to underestimation of PJI incidences.

Despite adjustment for CCI, there remains the risk of resid-
ual confounding because CCI lacks information on the sever-
ity of in-hospital comorbidities, and comorbidity treated by 
general practitioners. 
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We also cannot eliminate the possibility of unknown con-
founding and of unmeasured confounding such as smoking or 
socioeconomic factors, which have been shown to impact the 
risk of revision after total hip arthroplasty [32]. 

BMI was available only after 2011 and therefore we used 
weight as a continuous variable in the adjusted Cox regression 
models, as this was available for 98% of patients in the cohort. 
Using the weight variable as a surrogate for BMI could lead 
to the risk of residual confounding regarding the association 
between BMI and CCI. The Cox regression analysis stratified by 
BMI group is limited to patients treated from 2011 and onwards. 
This introduces the risk of type 2 error in this sub-analysis. 

Conclusion 
We observed an increase in PJI revision within 3 months and 
a decrease in PJI revisions from 3–12 months following KA 
from 1997 through 2019 in patients with OA treated with pri-
mary KA.

In perspective, this knowledge can guide patient selection 
to identify high-risk cases to improve pre- and postoperative 
rehabilitation and also guide further research into the causes 
associated with PJI after KA, preferably including access to 
microbiological data, aiming to limit any increase in this seri-
ous complication.

MA analyzed the data and drafted the work. MA and ABP revised the work. 
All authors participated in the design, interpretation, and final approval of 
the study.
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Figure 1. DAGs for adjustment on confounding in the Cox regression model.
DAGs used to decide on adjustment on confounding in the Cox regression analysis. The following variables were found to 
be path-specific confounders for the association between the following exposures and the risk of PJI: 
Year of surgery: age group, sex, type of prosthesis, CCI group, and weight.
Age group: sex and year of surgery. 
Sex: age group, year of surgery. 
Type of prosthesis: age group, gender, CCI group, year of surgery. 
BMI Group: age group, sex, year of surgery.
CCI group: age group, sex, year of surgery.
BMI: body mass index; CCI: Charlson Comorbidity Index; PJI: periprosthetic joint infection; PKA: partial knee arthroplasty.
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Table 4. Crude hazard ratios (HR) with confidence interval of 
revision due to PJI after KA

  	  Crude HR
Period 0–12 months	 0–3 months	 3–12 months

 2001–2004  Ref	 Ref	 Ref
 2005–2008  1.3 (0.9–1.7)	 2.0 (1.1–3.6)	 0.9 (0.6–1.4)
 2009–2012 1.6 (1.2–2.2)	 3.1 (1.7–5.7)	 1.0 (0.7–1.4)
 2013–2016  1.6 (1.2–2.2)	 2.9 (1.6–5.2)	 0.6 (0.4–0.9)
 2017–2019  2.2 (1.6–3.0)	 4.3 (2.4–7.7)	 0.5 (0.4–0.8)

Table 2. Cumulative incidences for PJI revision calculated with both the 1minus Kaplan–Meier (KM) method 
and the Aalen Johansen (AJ) method with competing risk a with confidence interval

	 0–12 months	 0–3 months	 3–12 months
Period	 KM net	 AJ crude	 KM net	 AJ crude	 KM net	 AJ crude

 1997–2000 	 0.5 (0.3–0.7)	 0.5 (0.3–0.7)	 0.1 (0–0.2)	 0.1 (0–0.2)	 0.4 (0.3–0.7)	 0.4 (0.3–0.7)
 2001–2004 	 0.4 (0.3–0.6)	 0.4 (0.3–0.6)	 0.1 (0.1–0.2)	 0.1 (0.1–0.2)	 0.3 (0.2–0.5)	 0.3 (0.2–0.5)
 2005–2008 	 0.6 (0.5–0.7)	 0.6 (0.5–0.7)	 0.3 (0.2–0.4)	 0.3 (0.2–0.4)	 0.3 (0.2–0.4)	 0.3 (0.2–0.4)
 2009–2012 	 0.8 (0.7–0.9)	 0.8 (0.7–0.9)	 0.4 (0.4–0.5)	 0.4 (0.4–0.5)	 0.3 (0.3–0.4)	 0.3 (0.3–0.4)
 2013–2016 	 0.6 (0.5–0.7)	 0.6 (0.5–0.7)	 0.4 (0.4–0.5)	 0.4 (0.4–0.5)	 0.2 (0.2–0.3)	 0.2 (0.2–0.3)
 2017–2019 	 0.7 (0.6–0.8)	 0.7 (0.6–0.8)	 0.5 (0.5–0.6)	 0.5 (0.5–0.6)	 0.2 (0.1–0.2)	 0.2 (0.1–0.2)
 1997–2000 	 0.7 (0.6–0.7)	 0.7 (0.6–0.7)	 0.4 (0.3–0.4)	 0.4 (0.3–0.4)	 0.3 (0.2–0.3)	 0.3 (0.2–0.3)

a Death and aseptic revision are considered competing risks.


