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Background and purpose — Periprosthetic joint infec-
tion (PJI) is the commonest reason for revision after total 
knee arthroplasty (TKA). We assessed the risk factors for 
revision due to PJI following TKA based on the Finnish 
Arthroplasty Register (FAR).

Patients and methods — We analyzed 62,087 primary 
condylar TKAs registered between June 2014 and February 
2020 with revision for PJI as the endpoint. Cox proportional 
hazards regression was used to estimate hazard ratios (HR) 
with 95% confidence intervals (CI) for the first PJI revision 
using 25 potential patient- and surgical-related risk factors 
as covariates.

Results — 484 knees were revised for the first time during 
the first postoperative year because of PJI. The HRs for revi-
sion due to PJI in unadjusted analysis were 0.5 (0.4–0.6) for 
female sex, 0.7 (0.6–1.0) for BMI 25–29, and 1.6 (1.1–2.5) 
for BMI > 40 compared with BMI < 25, 4.0 (1.3–12) for 
preoperative fracture diagnosis compared with osteoarthritis, 
and 0.7 (0.5–0.9) for use of an antimicrobial incise drape. In 
adjusted analysis the HRs were 2.2 (1.4–3.5) for ASA class 
III–IV compared with class I, 1.7 (1.4–2.1) for intraopera-
tive bleeding ≥ 100 mL, 1.4 (1.2–1.8) for use of a drain, 0.7 
(0.5–1.0) for short duration of operation of 45–59 minutes, 
and 1.7 (1.3–2.3) for long operation duration > 120 min com-
pared with 60–89 minutes, and 1.3 (1.0–1.8) for use of gen-
eral anesthesia.

Conclusion — We found increased risk for revision due 
to PJI when no incise drape was used. The use of drainage 
also increased the risk. Specializing in performing TKA 
reduces operative time and thereby also the PJI rate.

Prosthetic joint infection (PJI) is currently the commonest 
reason for revision after total knee arthroplasty (TKA) (1). PJI 
may have disastrous consequences, and revision as a result of 
this invariably reduces the patient’s quality of life (2). Several 
revision procedures are often required, with prolonged anti-
biotic treatment and hospital stay. The incidence of PJI after 
TKA varies from 0.5% to 3.3% (3,4). Male sex, severe obesity, 
rheumatoid arthritis, and fracture as an underlying diagnosis 
for TKA are known risk factors for PJI (5).

The number of TKAs overall is growing along with the rise 
in life expectancy (6,7). The incidence of TKA has increased 
steadily in all the Nordic countries, with the highest inci-
dence in Finland (8). Presumably, a proportionate rise can be 
expected in the number of patients requiring revision due to 
PJI (9). The risk of PJI after total hip arthroplasty in the Nordic 
countries is increasing (10,11), and there is some evidence of a 
similar trend for TKA (12).

The content of the Finnish Arthroplasty Register (FAR) (1) 
was revised in 2014 to include new parameters such as BMI, 
anesthesia mode, use of kinematic alignment, use of an anti-
microbial incise drape, and surgical approach. We have previ-
ously reported on risk factors for PJI after THA in Finland 
(13), but PJI risk factors after primary condylar TKA have 
not previously been assessed systematically. In 2020 the total 
number of primary TKAs in Finland was 12,692 and of revi-
sion TKAs 1,015 (including repeated surgery), 30% of which 
were for PJI (1). In 2020 there were 25 public hospitals per-
forming most primary TKAs and 10 minor private hospitals. 
Our aim was to determine the risk factors for first revision due 
to PJI after primary TKA based on the revised FAR data.
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Patients and methods

This study is reported according to REporting of studies 
Conducted using Observational Routinely-collected Data 
(RECORD) guidelines.

Finnish healthcare units are obliged to report arthroplas-
ties to the FAR, which is maintained by the National Institute 
of Health and Welfare (14). Patient- and surgery-related data 
is reported on a standard online sheet completed during and 
immediately after the operation. Dates of death are obtained 
from the Population Register Centre. Primary and revision 
arthroplasties are linked to each other with a personal identifi-
cation number. In 2020, the reporting coverage of all primary 
and revision TKAs to the FAR was 97% and 92%, respec-
tively (1).

Definition of risk factors
The following 25  risk factors are included in the revised 
data contents of the FAR and were therefore included: age (≤ 
62, 63–69, 70–75, > 75), sex, ASA class (I–IV), BMI (< 25, 
25–29, 30–34, 35–40, > 40), preoperative diagnosis (primary 
osteoarthritis (OA), fracture, inflammatory arthritis, other), 
previous contributing operation (no, yes), simultaneous bilat-
eral operation (no, yes), surgical approach (medial parapatel-
lar, lateral, midvastus, subvastus, other), intraoperative bleed-
ing (< 100, ≥ 100 mL), duration (< 45, 45–59, 60–89, 90–119, 
≥ 120 minutes), anesthesia mode (spinal, epidural, general—
the most invasive method was chosen if several), local infil-
trative anesthesia (LIA) anesthesia (no, yes), complications 
during surgery (no, yes), fixation (cemented, uncemented, 
hybrid), drain (no, yes), kinematic alignment (no, yes), hospi-
tal annual volume (< 700, ≥ 700), surgeon’s level of education 
(orthopedic specialist, resident), assistant’s level of education 
(orthopedic specialist, resident), antimicrobial incise drape 
(no, yes), antibiotic prophylaxis (cefuroxime, clindamycin, 
vancomycin, other), antithrombotic prophylaxis (enoxaparin, 
other), antifibrinolytic medication (tranexamic acid, not used, 
other), mechanic antithrombotic prophylaxis (no, calf muscle 
pump), and surgical stocking (no, yes).

Definition of outcome
The survival endpoint was a revision for which the indication 
was marked as PJI and where 1 or more components were 
removed or exchanged within 1 year of the primary operation. 
Diagnosis of PJI was based on the patient’s clinical presentation 
and preoperative evaluation according to common diagnostic 
guidelines (15). Follow-up time varied between 0 and 5.7 years. 

Statistics
Revisions for reasons other than PJI were censored at the 
time of operation, with a similar approach used for death. The 
overall mortality was 3.1%. We did not perform a competing 
risk analysis even though death can be considered a compet-

ing risk, as our main objective was to estimate relative risks 
for which the Cox regression model has been shown to be 
more accurate (16). There were 2,255 patients who had under-
gone a simultaneous bilateral TKA operation. Although these 
cannot be regarded as separate independent observations, we 
included them in the analysis due to their potential clinical 
importance (17). Potential risk factors were adjusted based 
on their relation to other factors on the directed acyclic graph 
(DAG) (Figure 1).

The unadjusted rate of revision for PJI with 95% confidence 
intervals (CI) was estimated with Kaplan–Meier analysis. 
Based on previous literature and clinical practice, we per-
formed a directed DAG analysis (Figure 1) to organize vari-
ables and their supposed relation to PJI and other variables. 
The unadjusted Cox proportional hazards regression model 
was then used to estimate potential risk factors and hazard 
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Figure 1. Directed acyclic graph (DAG) constructed under following 
assumptions:
1. TKA “revision for infection” is dependent on “patient age,” “sex,” 

“bilaterality,” “ASA class,” “BMI,” “diagnosis,” “hospital volume,” 
“education of surgeon,” “bleeding,” “drain,” “duration,” “intraop-
erative complications,” “previous operations,” “antimicrobial incise 
drape,” “anesthesia,” “antibiotic prophylaxis,” and type of TKA “fixa-
tion.” Choice of “side,” “education of assistant,” “surgical approach,” 
“antithrombotic prophylaxis,” “antifibrinolytic medications,” and 
“kinematic alignment” are not expected to affect “revision for infec-
tion” due to clinical suspicion. 

2. “Fixation” is dependent on “age” and “sex” because older and 
female patients have probably received a cemented or hybrid TKA 
due to poorer bone quality. ASA class is partly dependent on age 
by definition. “Bilaterality” is dependent on “age” and “ASA class,” 
because both knees are seldom operated on in elderly or high ASA 
class patients. 

3. “BMI” may affect “duration” and “intraoperative complications” due 
to more difficult operation with high BMI. “Duration” and “bleeding” 
may be dependent on “education of surgeon” due to the experience 
factor. “Bleeding,” “duration,” and “previous operations” may be 
dependent on clinical basis. 

4. “Anesthesia” is dependent on “ASA class” and “age,” because 
general anesthesia is usually avoided in elderly patients. “Drain” is 
dependent on “bleeding” and vice versa.
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ratios with CIs to the first revision due to PJI (Table 2). All 
variables with potential confounding bias were further scru-
tinized with Cox adjusted analysis in which adjustment was 
done according to the DAG analysis. Potential risk factors 
were adjusted based on their relation to other factors on the 
DAG. The following 8 risk factors were adjusted with associ-
ated covariates on the DAG: anesthesia (age and ASA class), 
ASA class (age), bilaterality (age and ASA class), intraopera-
tive complications (BMI), bleeding (BMI, intraoperative com-
plications, drain, previous operations, surgeon’s education), 
drain (bleeding), duration (BMI, intraoperative complications, 
bleeding, previous operations, surgeon’s education), and fixa-
tion (age and sex).

The proportional hazards (PH) assumption for Cox models 
was assessed from Kaplan–Meier curves graphically and with 
testing on scaled Schoenfeld residuals (18,19). A p-value of 
< 0.05 indicates non-proportional hazards. In the unadjusted 
model, antithrombotic-only medication did not fulfill the pro-
portional risks assumption and was then analyzed for 2 time 
periods in both of which the proportional hazard assumption 
was fulfilled.

We also performed a sensitivity analysis with a “standard 
patient” to check for overfitting, including only patients with 
primary OA as a diagnosis, and cemented fixation only with 
a medial parapatellar approach. The data used for sensitivity 
analysis is listed as Supplementary data.

All the statistical analyses were done using R statistical 
computing environment version 3.6.0 (R Core Team, 2016. 
R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. URL 
https://www.R-project.org/).

Ethics, funding, and disclosures
Ethical approval was obtained at the National Institute of 
Health and Welfare (Dnro THL/506/5.05.00/2016). Sharing 
of the raw data is not permitted. This research received no 
specific grant from any funding agency in the public, com-
mercial, or not-for-profit sectors. MSV reports funding from 
the Academy of Finland (grant number 322123). The funders 
had no role in the study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

The authors declare no conflict of interest. Completed disclo-
sure forms for this article following the ICMJE template are avail-
able on the article page, doi: 10.2340/17453674.2023.12307

Results

Data was extracted concerning 62,087 primary TKAs, of which 
484 were revised for the first time for PJI during the first post-
operative year between June 2014 and February 2020 (Figure 2 
and Table 1, see Appendix). The number of TKA revisions for 
any reason was 925. 

In our study cohort, most of the patients were women 
(39,146; 63%). All age groups were almost equally repre-
sented: ≤ 62, 63–69, 70–75, and > 75 years (17,478, 28%; 
15,719, 25%; 14,150, 23%; and 14,740, 24%, respectively). 
Most of the treated patients had ASA class II (31,655, 51%) 
and BMI 25–29 or 30–34 (22,130, 38% and 18,471, 32%, 
respectively) and their primary diagnosis for TKA was OA 
(58,398, 94%). The operation was mostly performed under 
spinal anesthesia (56,793, 91%) and lasted 60–89 minutes 
(26,232, 48%). The commonest approach to the knee joint was 
medial parapatellar (60,533, 98%) and most of the patients 
received TKA with cemented fixation (59,238, 96%) without 
the use of a drain (47,396, 76%). (Table 1)

The overall Kaplan–Meier probability of no revision for PJI 
at the end of the study period with 0–5.7-year follow-up was 
99% (CI 99.1–99.3).

Unadjusted analyses identified an increased risk of revi-
sion due to PJI for patients with a high BMI (BMI ≥ 35 vs. 
< 25, HR 1.4, CI 1.0–1.9). Patients with a BMI of 25–29 had 
a lower infection risk than patients with a BMI of < 25 (HR 
0.7, CI 0.6–1.0). Male sex increased the risk of revision due 
to PJI (female vs. male HR 0.5, CI 0.4–0.6). Patients whose 
primary indication for TKA was fracture had a higher risk of 
revision due to PJI than patients with a diagnosis of OA (HR 
4.0, CI 1.3–12). Also, high hospital volume (≥ 700) was asso-
ciated with an increased risk of revision for PJI compared with 
low hospital volume (< 700) (HR 1.4, CI 1.2–1.7). Further, a 
decreased risk of revision for PJI was found with the use of 
an antimicrobial incise drape (HR 0.7, CI 0.5–0.9). A short 
duration of surgery < 60 minutes decreased the risk of revi-
sion for PJI compared with a duration of 60–89 minutes (< 45 
vs. 60–89 minutes: HR 0.6, CI 0.4–1.0; and 45–59 vs. 60–89 
minutes: HR 0.7, CI 0.6–1.0). A long duration of surgery was 
associated with a higher risk of revision for PJI than a dura-
tion of 60–89 minutes (≥ 120 vs. 60–89 minutes: HR 1.9, CI 
1.4–2.5) (Table 2).

In adjusted analysis, advanced ASA class increased the risk 
of revision for PJI (ASA class III–IV vs. I: HR 2.2, CI 1.4–3.5). 
Intraoperative bleeding > 100 mL also increased the PJI risk 
(bleeding ≥ 100 mL vs. < 100 mL: HR 1.7, CI 1.4–2.1). Using 
a drain increased the risk of revision for PJI (HR 1.5, CI 1.2–
1.8), as did the use of general anesthesia (HR 1.3, CI 1.0–1.8). 

Knee arthroplasties reported to 
the Finnish Arthroplasty Register 

from 2014 to 2020
n = 68,502 

Total knee
arthroplasties 

n = 62,087 

Constrained
knee arthroplasties 

n = 3,681 

Unicondylar knee
arthroplasties 

n = 2,734 

Revised (n = 925):
– due to infection, 484
– for any other reason, 441

Figure 2. Flowchart of patients.
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Long duration of surgery was associated with an increased risk 
of revision for PJI compared with an operative time of 60–89 
minutes (≥120 vs. 60–89 minutes: HR 1.7, CI 1.3–2.3). We 

Table 2. Unadjusted analysis of possible 
risk factors for infection revision

Variable Hazard ratio (CI)

Age  
 ≤ 62 Reference
 63–69 1.1 (0.9–1.4)
 70–75 0.9 (0.7–1.3)
  > 75 1.1 (0.7–1.5)
Sex  
 Male Reference
  Female 0.5 (0.4–0.6)
Operated side  
 Right Reference
  Left 1.1 (0.9–1.3)
ASA class  
 I Reference
 II 1.4 (0.9–2.2)
  III–IV 2.2 (1.4–3.3)
Body mass index  
 < 25 Reference
 25–29 0.7 (0.6–1.0)
 30–34 0.9 (0.7–1.3)
  35–39 1.3 (1.0–1.8)
 > 40 1.6 (1.1–2.5)
Preoperative diagnosis  
 Primary osteoarthritis Reference
 Fracture 4.0 (1.3–12)
 Inflammatory arthritis 1.5 (0.9–2.5)
  Other 1.5 (1.0–2.3)
Previous operations  
 No Reference
  Yes 0.9 (0.8–1.1)
Bilateral operation  
 No Reference
 Yes 0.7 (0.5–1.0)
Surgical approach  
 Medial parapatellar Reference
 Lateral 1.3 (0.2–9.3)
 Midvastus 0.8 (0.3–2.0)
 Subvastus 1.0 (0.2–3.8)
  Other 0.6 (0.1–2.3)
Intraoperative bleeding  
 < 100 mL Reference
  ≥ 100 mL 1.7 (1.4–2.0)
Duration, minutes  
 60–89 Reference
 < 45 0.6 (0.4–1.0)
 45–59 0.7 (0.6–1.0)
 90–119 1.1 (0.9–1.5)
  ≥ 120 1.9 (1.4–2.5)
Anesthesia (spinal)  
  No Reference
  Yes 0.8 (0.6–1.1)
Anesthesia (epidural)  
 No Reference
  Yes 0.9 (0.5–1.6)
Anesthesia (general)  
  No Reference
  Yes 1.4 (1.0–1.8)
Anesthesia (LIA)  
 No Reference
 Yes 1.1 (0.9–1.3) 

Table 2 continued

Variable Hazard ratio (CI)

Complications during surgery (fracture) 
 No Reference
  Yes 1.0 (0.6–1.7)
Fixation  
 Cemented Reference
 Uncemented 1.1 (0.7–1.6)
 Hybrid 0.7 (0.1–5.1)
Drain  
 No Reference
 Yes 1.5 (1.2–1.8)
Kinematic alignment  
 No Reference
 Yes 1.4 (0.8–2.6)
Hospital volume  
 Low (< 700) Reference
 High (≥ 700) 1.4 (1.2–1.7)
Year of operation  
 2014 Reference
 2015 0.8 (0.5–1.2)
 2016 1.1 (0.8–1.7)
 2017 1.4 (0.9–2.0)
 2018 1.4 (1.0–2.1)
 2019 1.5 (1.0–2.2)
 2020 1.3 (0.5–3.7)
Level of education
 Surgeon  
     Orthopedic specialist Reference
     Resident 1.2 (0.8–1.8)
 Assistant  
     Orthopedic specialist Reference
     Resident 0.8 (0.6–1.1)
Antimicrobial incise drape  
 No Reference
 Yes 0.7 (0.5–0.9)
Antibiotic prophylaxis  
 Cefuroxime  Reference
 Clindamycin 0.9 (0.5–1.5)
 Vancomycin 0.9 (0.1–6.4)
 Other 1.6 (0.7–3.3)
Tranexamic acid  
 No Reference
 Yes 1.1 (0.8–1.7)
Other antifibrinolytic medicine  
 No Reference
 Yes 1.3 (0.5–3.5)
Any antifibrinolytic medicine  
 No Reference
 Yes 0.9 (0.6–1.5)
Mechanic antithrombotic 
  prophylaxis  
 No Reference
 Yes 0.9 (0.7–1.1)
Surgical stocking  
 No Reference
 Yes 0.8 (0.7–1.0)

Table 3. Adjusted analysis of possible risk 
factors for infection revision

Variable  Hazard ratio (CI)

ASA class   
 I Reference 
 II 1.5 (0.9–2.3)
  III–IV 2.2 (1.4–3.5)
Bilateral operation  
 No Reference 
 Yes 0.8 (0.5–1.1)
Intraoperative bleeding  
 < 100 mL Reference 
 ≥ 100 mL 1.7 (1.4–2.1)
Duration  
 60–89 Reference 
 < 45 0.7 (0.4–1.1)
 45–59 0.7 (0.5–1.0)
 90–119 1.0 (0.8–1.3)
  ≥ 120 1.7 (1.3–2.3)
Anesthesia (general)  
 No Reference 
  Yes 1.3 (1.0–1.8)
Complications during 
  surgery (fracture)  
 No Reference 
 Yes 1.0 (0.6–1.8)
Fixation  
 Cemented Reference 
 Uncemented 1.0 (0.7–1.6)
 Hybrid 0.7 (0.1–4.9)
Drain   
 No Reference 
 Yes 1.8 (1.2–1.8)

ASA class was adjusted for age. Bilateral 
operation was adjusted for age and ASA 
class. Intraoperative bleeding was adjusted 
for BMI, drain, previous contributing opera-
tions, complications during surgery, and level 
of education (surgeon). Duration of opera-
tion was adjusted for previous contributing 
operations, level of education (surgeon), 
intraoperative bleeding, BMI, and complica-
tions during surgery. General anesthesia was 
adjusted for age and ASA class. Complica-
tions during surgery (fracture) were adjusted 
for BMI. Fixation was adjusted for sex and 
age. Drain was adjusted for bleeding.

Table 4. Unadjusted analysis of possible risk 
factors for infection revision, divided into 
time intervals for not fulfilling the assump-
tion of proportional hazards

Antithrombotic
medication  Hazard ratio (CI)

≤ 30 days  
 Enoxaparin Reference 
 Other 0.6 (0.4–0.9)
> 30 days  
 Enoxaparin Reference 
 Other 0.9 (0.6–1.2)
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also found that a short duration of surgery of 45–59 minutes 
decreased the risk of revision for PJI compared with a duration 
of 60–89 minutes (HR 0.7, CI 0.5–1.0) (Table 3).

For the first 30 postoperative days after TKA, antithrom-
botic prophylaxis with a group of anticoagulants other than 
enoxaparin decreased the PJI risk compared with enoxaparin 
(HR 0.6, CI 0.4–0.9) (Table 4).

Discussion

We found that male sex, advanced ASA class, high BMI, 
bleeding > 100 mL, fracture diagnosis, general anesthesia, 
and duration of operation > 120 minutes compared with 60–89 
minutes increased the risk of revision. In addition, we found 
that duration of operation of 45–59 minutes decreased the 
risk of revision compared with 60–89 minutes, the reference 
group. The results of the sensitivity analysis were essentially 
the same. The overall Kaplan–Meier survival estimate of no 
revision due to PJI at the end of the study period of 0–5.7 
years’ follow-up was 99.2% (CI 99.1–99.3), which is compa-
rable to or slightly lower than previous reports (3,20,21).

Male sex was a twofold risk factor for revision due to PJI 
compared with female sex in our study, which is slightly 
higher than the 1.4-fold risk presented previously (22) but 
similar to that reported earlier based on FAR (7). The reason 
for increased PJI risk in males may lie in confounding fac-
tors that are not included in the FAR, such as smoking and 
alcohol abuse, both of which are more common among 
males (23,24). Especially in Finland, the habit among males 
of drinking strong alcohol may predispose to higher PJI risk 
compared with many other countries. Detailed preoperative 
patient counseling is advisable to identify and treat silent alco-
hol abuse before TKA. We also found that high ASA class was 
associated with increased risk of revision for PJI. ASA class is 
a crude estimate of a patient’s comorbidity. ASA class III–IV 
had twice the risk of revision due to PJI compared with ASA 
class I in our study, which is similar to earlier reports (4). It has 
also been suggested earlier that the risk of PJI in TKA patients 
with diabetes versus non-diabetic patients is 1.7-fold and that 
of cancer versus non-cancer patients 1.5-fold (22). These find-
ings are also in accordance with our results, although we were 
not able to assess specific medical diagnoses. 

We found that long duration of operation (≥ 2 hours) was 
associated with a 1.7-fold risk of revision for PJI compared 
with the reference group (60–89 minutes). This finding sup-
ports previous evidence (4,25,26). However, we also found 
that short (45–59 minutes) operation time was associated with 
a decreased revision due to PJI rate compared with the refer-
ence group. To our knowledge, this association has not been 
clearly established previously. The finding is intuitive; the 
shorter the time the wound is open the lesser contamination 
will occur. Unfortunately, we did not have data on surgeon 
operative volume. 

Surprisingly, high hospital volume (≥ 700) was associated 
with an increased risk of revision due to PJI, probably due to 
comorbidity-related factors. More complex cases are probably 
referred to high-volume hospitals. Also, the reporting com-
pleteness on revision operations in large hospitals is higher 
than in smaller ones, which very likely further explains our 
finding. 

Kinematically aligned TKA has emerged as an alternative 
method to the mechanically aligned procedure, basing bony 
cuts off the patient’s pre-arthritic anatomy while limiting the 
need for soft tissue and ligamentous releases (28,29). While 
this less scarring and invasive technique could potentially 
affect PJI risk, data on revision rates using kinematically 
aligned TKA is still scarce. There were 1,081 TKAs performed 
using kinematic alignment in our database, with no difference 
in PJI rate compared with mechanically aligned TKAs. Simi-
lar results have been presented recently based on registry data 
from Australia and New Zealand including 416 kinematically 
aligned TKAs (30). For the time being, less soft tissue balanc-
ing has not brought about a decreased PJI rate.

High BMI was associated with an increased risk of revision 
for PJI in our study. Patients with a BMI of 35–39 and > 40 
had an HR of 1.3 and 1.6, respectively, compared with the 
reference group. The correlation of obesity and risk of PJI has 
been documented previously (22,4,31,21). However, the risk of 
revision due to PJI is much higher in very obese THA patients 
(5-fold risk if BMI > 35 vs. normal weight) than in very obese 
TKA patients (13). Morbid obesity with a prolonged operation 
time and technical challenges in the groin region may predis-
pose to PJI, especially after hip surgery. Our findings support 
previous studies whereby obesity seems to have an effect on 
PJI risk after TKA, but with a higher BMI threshold than for 
THA (32).

In our study, preoperative fracture diagnosis was associ-
ated with a 4-fold PJI rate compared with OA, although pre-
vious knee operations overall were not a risk factor. Earlier 
reports are partly contradictory. Kunutsor et al. (22) stated in 
their meta-analysis that patients with post-traumatic vs. non-
post-traumatic arthritis had a 1.4-fold PJI risk, whereas previ-
ous joint surgery vs. no previous joint surgery was a 3-fold 
risk factor. However, the definition of previous surgery may 
vary between studies. Previously, only major surgery such 
as osteotomy (odds ratio [OR] 2.0) and ligament reconstruc-
tion (OR 2.7) to same knee has been found to be associated 
with increased PJI risk, but no such association was found 
for minor operations (33). Previous open meniscectomies are 
recorded as previous surgery in Finland, with probably very 
little effect on PJI rates. Inflammatory arthritis was not associ-
ated with greater PJI risk compared with OA in our study (HR 
1.5, CI 0.9–2.5), although earlier data suggests it is (21,22). 
Previous studies on the use of drainage in TKA suggest that 
it might be a protective factor against PJI (4), but our findings 
contradict this. Based on current data we cannot recommend 
using a drain routinely. 
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Bleeding of more than 100 mL during surgery was associ-
ated with an HR of 1.7 compared with less bleeding. Previous 
studies have not assessed whether bleeding is a significant risk 
factor for PJI but have reported the need for blood transfu-
sion to be one of them. The reason for bleeding and transfu-
sion being associated with infectious complications could be 
immunomodulation caused by loss and transfusion of blood 
cells (34). Our results on general anesthesia being associated 
with risk of revision for PJI is in accordance with previous 
studies (21,35). 

The use of antimicrobial incise drapes has been shown to 
reduce colonization during TKA operation (36), but studies 
have been inconclusive on whether this actually reduces the 
risk of PJI (37). We found that using an antimicrobial incise 
drape is associated with decreased risk of revision for PJI 
and therefore we recommend using it routinely. Using other 
antithrombotic prophylaxis than enoxaparin was associated 
with a decreased risk of revision due to PJI during the first 
30 days after the primary operation with an HR of 0.6. No 
such effect was found after the first 30 days. In previous stud-
ies, antithrombotic medication was not associated with an 
increased PJI risk, but use of tranexamic acid in association 
with joint replacement has been found to be protective against 
PJI (21,35). Our findings on tranexamic acid do not confirm 
earlier findings. 

We acknowledge that our study has several limitations. We 
do not have data on patients’ socioeconomic status, smoking 
status, alcohol abuse, or comorbidities, although ASA class is 
a crude estimate of medical condition. Furthermore, the FAR 
only captures revision operations in which one or more of the 
components is exchanged or removed. Superficial infections 
without any liner exchange were unfortunately not included. A 
further limitation is that we were not able to analyze all surgi-
cal details like bearing surface material. It has been proposed 
previously, based on the Australian register, that minimally 
stabilized TKA with non-crosslinked polyethylene-bearing 
surfaces have a greater revision risk for PJI than TKA with 
cross-linked polyethylene-bearing surfaces (38).

The completeness of FAR data on revision surgery during 
the study period was 80–85% compared with the discharge 
register; therefore we are probably missing some PJI revi-
sions (1). Most probably, revisions done during on-call hours 
are those not reported to the FAR. Furthermore, our data is 
recorded in operating theatres based on clinical diagnosis and 
is not complemented afterwards based on, e.g., microbiology 
data, which may influence the estimated incidence of PJIs. 

Conclusion
We found that high BMI, advanced ASA class, male sex, frac-
ture around the knee as the reason for joint replacement, long 
operation duration, and the use of general anesthesia or enoxa-
parin as antithrombotic prophylaxis increased the risk of revi-
sion for PJI, whereas a shorter operation time and use of an 
antimicrobial incise drape decreased the revision risk. 
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Table 1. Demographic data

  All Infection No infection
Characteristic total n (%) total n (%) total n (%)

Number of knees 62,087    484    61,603    
Age (years) 62,087   484   61,603  
 ≤ 62  17,478 (28)  125 (26)  17,353 (28)
 62–69  15,719 (25)  124 (26)  15,595 (25)
 69–75  14,150 (23)  120 (25)  14,030 (23)
 > 75   14,740 (24)   115 (24)   14,625 (24)
Sex 62,087   484   61,603  
 Male  22,941 (37)  259 (54)  22,682 (37)
 Female   39,146 (63)   225 (47)   38,921 (63)
ASA class 61,579   484   61,095  
 I  4,923 (8)  23 (5)  4,900 (8)
 II  31,655 (51)  212 (44)  31,443 (52)
 III–IV   25,001 (41)   249 (51)   24,752 (41)
Body mass index 58,619   473   58,146   
 < 25  8,556 (15)  73 (15)  8,483 (15)
 25–30  22,130 (38)  139 (29)  21,991 (38)
 30–35  18,471 (32)  149 (32)  18,322 (32)
 35–40   7,518 (13)   85 (18)   7,433 (13)
 40–45  1,627 (3)  23 (5)  1,604 (3)
 ≥ 45  317 (0.5)  4 (0.8)  313 (0.5)
Preoperative diagnosis 62,087   484   61,603  
 Primary osteoarthritis  58,398 (94)  440 (91)  57,958 (94)
 Fracture  103 (0.2)  3 (0.6)  100 (0.2)
 Inflammatory arthritis  1,353 (2)  15 (3)  1,338 (2)
 Other   2,233 (4)   26 (5)   2,207 (4)
Previous contributing
 operations 60,287   484   61,603  
 No  35,599 (57)  292 (60)  35,307 (57)
 Yes   26,488 (43)   192 (40)   26,296 (43)
Bilateral operation 62,087  484  61,603
 No  57,577 (93)  459 (95)  57,118 (93)
 Yes  4,510 (7)  25 (5)  4,485 (7)
Surgical approach 62,087  484  61,603  
 Medial parapatellar  60,533 (98)  474 (98)  60,059 (98)
 Lateral  97 (0.2)  1 (0.2)  96 (0.2)
 Midvastus  772 (1)  5 (1)  767 (1)
 Subvastus  260 (0.4)  2 (0.4)  258 (0.4)
 Other  425 (0.7)  2 (0.4)  423 (0.7)
Intraoperative bleeding 56,619   451   56,168  
 < 100 mL  37,428 (66)  243 (54)  37,185 (66)
 ≥ 100 mL   19,191 (34)   208 (46)   18,983 (34)
Duration (minutes) 54,595   444   54,151  
 < 45  3,678 (7)  17 (4)  3,661 (7)
 45–60  9,996 (18)  59 (13)  9,937 (18)
 60–90  26,232 (48)  210 (47)  26,022 (48)
 90–120  10,552 (19)  97 (22)  10,455 (19)
 ≥ 120   4,137 (8)   61 (14)   4,076 (6)
Anesthesia (spinal) 62,087   484   61,603  
 No  5,294 (9)  50 (10)  5,244 (9)
 Yes   56,793 (92)   434 (90)   56,359 (92)
Anesthesia (epidural) 62,087   484   61,603  
 No  60,142 (97)  470 (97)  59,672 (97)
 Yes   1,945 (3)   14 (3)   1,931 (3)
Anesthesia (general) 62,087   484   61,603  
 No  57,211 (92)  434 (90)  56,777 (92)
 Yes   4,876 (8)   50 (10)   4,826 (8)
Anesthesia (LIA) 62,087  484  61,603  
 No  36,275 (58)  278 (57)  35,997 (58)
 Yes  25,812 (42)  206 (43)  25,606 (42)

Appendix
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Table 1 continued

  All Infection No infection
Characteristic total n (%) total n (%) total n (%)

Complications during 
 surgery (fracture) 62,087   484   61,603  
 No  60,220 (97)  469 (97)  59,751 (97)
 Yes   1,867 (3)   15 (3)   1,852 (3) 
Fixation 61,993   483   61,510  
 Cemented  59,238 (96)  461 (95)  58,777 (96)
 Uncemented  2,576 (4)  21 (4)  2,555 (4)
 Hybrid   179 (0.3)   1 (0.2)   178 (0.3)
Drain 62,087  484  61,603  
 No  47,396 (76)  342 (71)  47,054 (76)
 Yes  14,691 (24)  142 (29)  14,549 (24)
Mechanical alignment 62,087  484  61,603  
 No  61,006 (98)  472 (98)  60,534 (98)
 Yes  1,081 (2)  12 (3)  1,069 (2)
Hospital volume 62,086   484   61,602  
 Low (< 700)  41,878 (68)  287 (59)  41,591 (68)
 High (≥ 700)   20,208 (33)   197 (41)   20,011 (33)
Year of operation 62,087  484  61,603  
 2014  4,883 (8)  32 (7)  4,851 (8)
 2015  9,307 (15)  46 (10)  9,261 (15)
 2016  11,494 (19)  85 (18)  11,409 (19)
 2017  12,054 (19)  108 (22)  11,946 (19)
 2018  11,697 (19)  109 (23)  11,588 (19)
 2019  11,691 (19)  100 (21)  11,591 (19)
 2020  961 (2)  4 (0.8)  957 (2)
Level of education 
 Surgeon 62,087   484   61,603  
     Orthopedic specialist  56,194 (91)  445 (92)  55,749 (91)
     Resident   2,503 (4)   24 (5)   2,479 (4)
 Assistant 62,087   484   61,603  
     Orthopedic specialist  3,966 (6)  16 (3)  3,950 (6)
     Resident  14,649 (24)  118 (24)  14,531 (24)
     Other   16,775 (58)   166 (53)   16,609 (58)
Antimicrobial incise drape 62,087   484   61,603  
 No  48,934 (79)  413 (85)  48,521 (79)
 Yes   13,153 (21)   71 (15)   13,082 (21)
Antibiotic prophylaxis 61,675   484   61,191  
 Cefuroxime  58,797 (95)  461 (95)  58,336 (95)
 Clindamycin  2,179 (4)  15 (3)  2,164 (4)
 Vancomycin   143 (0.2)   1 (0.2)   142 (0.2)
 Other  556 (0.9)  7 (1)  549 (0.9)
Antithrombotic prophylaxis 61,642   479  61,163  
 Enoxaparin   46,676 (76)  400 (84)  46,276 (76)
 Rivaroxaban   10,356 (17)  50 (10)  10,306 (17)
 Tintsaparin  2,767 (5)  19 (4)  2,748 (5)
 Warfarin   385 (0.6)   2 (0.4)   383 (0.6)
 Other  797 (1)  4 (0.8)  793 (1)
 Not used  661 (1)  4 (0.8)  657 (1)
Tranexamic acid 62,087   484   61,603  
 No  4,006 (7)  28 (6)  61,212 (99)
 Yes  61,692 (94)  456 (94)  2,831 (4)
Other antifibrinolytic medicine 62,087  484  61,603  
 No  61,692 (99)  468 (97)  59,448 (97)
 Yes  395 (0.6)  16 (3)  2,155 (4)
Any antifibrinolytic medicine 62,087  484  61,603  
 No  59,916 (97)  468 (97)  59,448 (97)
 Yes  2,171 (4)  16 (3)  2,155 (4)
Mechanic antithrombotic
 prophylaxis 62,087   484   61,603  
 No  31,684 (51)  260 (54)  31,424 (51)
 Calf muscle pump  30,403 (49)  224 (46)  30,179 (49)
Surgical stocking 62,087  484  61,603  
 No  41,521 (67)  341 (71)  41,180 (67)
 Yes  20,566 (33)  143 (30)  20,423 (33)


