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Background and purpose — A new periprosthetic joint 
infection (PJI) definition has recently been proposed by the 
European Bone and Joint Infection Society (EBJIS). The 
goals of this paper are to evaluate its diagnostic accuracy 
and compare it with previous definitions and to assess its 
accuracy in preoperative diagnosis.

Patients and methods — We retrospectively evaluated 
a multicenter cohort of consecutive revision total hip and 
knee arthroplasties. Cases with minimum required diagnos-
tic workup were classified according to EBJIS, 2018 Interna-
tional Consensus Meeting (ICM 2018), Infectious Diseases 
Society of America (IDSA), and modified 2013 Musculo-
skeletal Infection Society (MSIS) definitions. 2 years’ mini-
mum follow-up was required to assess clinical outcome.

Results — Of the 472 cases included, PJI was diagnosed 
in 195 (41%) cases using EBJIS; 188 (40%) cases using 
IDSA; 172 (36%) using ICM 2018; and 145 (31%) cases 
using MSIS. EBJIS defined fewer cases as intermediate (5% 
vs. 9%; p = 0.01) compared with ICM 2018. Specificity was 
determined by comparing risk of subsequent PJI after revi-
sion surgery. Infected cases were associated with higher risk 
of subsequent PJI in every definition. Cases classified as 
likely/confirmed infections using EBJIS among those clas-
sified as not infected in other definitions showed a signifi-
cantly higher risk of subsequent PJI compared with concor-
dant non-infected cases using MSIS (RR = 3, 95% CI 1–6), 
but not using ICM 2018 (RR = 2, CI 1–6) or IDSA (RR = 2, 
CI 1–5). EBJIS showed the highest agreement between pre-

operative and definitive classification (k = 0.9, CI 0.8–0.9) 
and was better at ruling out PJI with an infection unlikely 
result (sensitivity 89% [84–93], negative predictive value 
90% [85–93]).

Conclusion — The newly proposed EBJIS definition 
emerged as the most sensitive of all major definitions. Cases 
classified as PJI according to the EBJIS criteria and not by 
other definitions seem to have increased risk of subsequent 
PJI compared with concordant non-infected cases. EBJIS 
classification is accurate in ruling out infection preopera-
tively.

Periprosthetic joint infection (PJI) is among the most frequent 
indications for revision of a joint arthroplasty (1). 

Accurate diagnosis is the starting point for effective treat-
ment. Nevertheless, diagnosing PJI is a challenging endeavor, 
and it has been repeatedly shown to be present in a significant 
proportion of cases thought to be aseptic (2-5). Given that no 
single test has perfect accuracy, definitive diagnosis must rely 
on a set of predetermined criteria that constitute any given 
definition. 

In the past decade, there have been many attempts to define 
criteria by which PJI is diagnosed. Proposed PJI definitions are 
mostly based on expert opinions or consensus and there are few 
structured validation studies. The Musculoskeletal Infection 
Society (MSIS) published a definition in 2011 (6), which was 
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infections. There is now a greater understanding of low-grade 
infections, which may have been missed in the past (11,12), 
and how inappropriate treatment may impact outcomes (13-
15). With the purpose to overcome this limitation, EBJIS 
recently proposed a new set of criteria (16). It has recently 
been shown that it classifies more cases as infected while sig-
nificantly reducing the number of uncertain diagnoses com-
pared with previously existing definitions (17). However, the 
question of whether that increased diagnostic sensitivity is 
exaggerated and offers unacceptable loss of specificity was 
not addressed.

This study compared the new EBJIS definition with previ-
ous major definitions. Diagnostic accuracy was studied using 
definitive postoperative classification and the rate of recurrent 
PJI after revision surgery as a proxy to assess correct classifi-
cation. We also evaluated its usefulness in clinical practice, by 
comparing classification using preoperatively available infor-
mation with definitive results.

Patients and methods

This is a multicenter retrospective study of patients who have 
undergone revision total hip (THA) or knee (TKA) arthro-
plasty in 4 different European institutions from Barcelona 
(Spain), Porto (Portugal), Basel (Switzerland), and Gronin-
gen (the Netherlands). All consecutive revision arthroplasties 
performed in a 6-year period between January 1, 2013 and 
December 31, 2018, regardless of perceived preoperative or 
definitive infected status, were analyzed. Debridement, anti-
biotics, and implant retention procedures were not included. 
The study was approved by the local ethics committee in each 
center. All centers have dedicated prospective databases in 
which patients give general consent to being registered.

Data concerning patient demographics and original joint 
replacement surgery (e.g., indication for surgery, postopera-
tive wound healing problems, etc.) was collected. Detailed 

clinical information before revision surgery was exhaustively 
collected from electronic medical records with a special 
emphasis on variables relevant for the diagnosis of PJI (e.g., 
presence of sinus tract, history of recent fever or bacteremia, 
antibiotic therapy at the time of surgery, and blood inflamma-
tory parameters). Preoperative radiographic and nuclear med-
icine findings as well as synovial fluid investigation results 
were noted as well as intraoperative findings (e.g., purulence) 
and definitive microbiologic and histological results. Table 1 
(see Appendix) shows a list of all collected variables and diag-
nostic work-up availability.

Cases without minimum required diagnostics to classify 
them as septic: < 4 intraoperative microbiology samples (syno-
vial fluid, tissue samples, implant sonication), and no preopera-
tive/intraoperative synovial fluid differential leukocyte count 
or intraoperative histology were excluded (Figure 1).

Using available information, all cases were classified using 
the major PJI definitions: (a) the 2021 European Bone and 
Joint Infection Society (EBJIS) (16); (b) the 2018 International 
Consensus Meeting (ICM) (10); (c) the Infectious Diseases 
Society of America (IDSA) (8) and; (d) the Musculoskeletal 
Infection Society (MSIS) definition as modified in the 2013 
ICM (7). Table 2 (see Appendix)  details these definitions and 
their respective criteria.

All definitions classify the presence of a sinus tract or 2 
positive identical cultures as evidence of infection. According 
to the EBJIS definition, infection was also considered con-
firmed if total leukocyte count was > 3,000 cells/μL or the 
proportion of polymorphonuclear neutrophils (PMN) was > 
80%, there was growth of > 50 CFU/mL from sonication fluid 
of any organism, or if histology was positive for infection. 
Histology was considered positive as defined by the attending 
pathologist in all definitions. When using the 2013 MSIS cri-
teria and the 2018 ICM criteria, chronic infection thresholds 
were used. When applying the IDSA definition, infection was 
also defined by the presence of intraoperative purulence, posi-
tive histology, or growth of an uncommon contaminant in a 

Barcelona
n = 723

Porto
n = 407

Groningen
n = 215

Basel
n = 209

Revision THA/TKA
n = 1,554

Eligible revisions
n = 697

Preoperative performance
n = 361

Definitive classification
n = 472

Excluded (n = 857):
– < 4 microbiology samples, 552
– no synovial fluid leukocyte 
   count or histology, 305

Excluded (n = 336):
– no preoperative synovial fluid, 301
– diagnostic confounders, 35

Excluded (n = 225):
– < 2 years follow-up, 190
– diagnostic confounders, 35

modified and subjected to international 
review during the first International Con-
sensus Meeting (ICM) on Periprosthetic 
Joint Infection in 2013 (7). Also in 2013, 
the Infectious Diseases Society of America 
(IDSA) published a guideline on diagnosis 
from an international expert group (8). In 
2018 a new definition was presented, with 
a weighted score and a new category of 
possibly infected cases (9). This proposal 
was discussed at the reconvened ICM in 
2018 and minor changes were adapted but 
the final version was supported by only 
68% of delegates (10). 

Perhaps the major concern with earlier 
PJI definitions is the potential for lower 
sensitivity to diagnose the full spectrum of 

Figure 1. Flowchart of patient selection.
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single specimen as explicitly stated in the criteria, but also 
when a single positive microbiology result of a common con-
taminant was accompanied by an elevated proportion of PMN 
or elevated total leukocyte count as suggested in the original 
paper’s discussion (8). A comprehensive list of considered 
common and uncommon contaminant microorganisms can be 
found in Table 4. 

To reduce bias, we also excluded cases with potential 
confounding conditions (i.e., inflammatory arthritis, metal-
on-metal bearing, periprosthetic fracture, antibiotic within 
2 weeks prior to revision surgery, and revision surgery < 6 
weeks after index procedure) from further analyses unless 
there were other confirmatory criteria independent of the 
underlying condition, such as a sinus tract or positive micro-
biology (i.e., 2 identical cultures or sonication > 50 CFU/mL) 
confirming infection.

A minimum follow-up of 2 years after revision surgery was 
required for assessing outcomes after revision surgery unless 
the patient developed subsequent PJI or underwent subse-
quent revision surgery before 2 years. Synovial fluid investi-
gation was required to assess preoperative classification per-
formance. Cases were analyzed whether they were treated for 
PJI or not. Failure was defined as the following: (i) subsequent 
PJI as defined by the treating team with or without the need 
for further surgery or; (ii) the need for subsequent revision 
surgery considering all causes (infected or aseptic). 

Statistics
Descriptive statistics were used to report basic demographics 
data and the diagnostic workup. 

Categorical variables were presented as number of cases 
and percentages. Contingency tables were performed to illus-
trate the interrelation between variables. Proportions were 
compared using a chi-square test and Fisher’s exact test when 
necessary. Relative risk (RR) with 95% confidence intervals 
(CI) was calculated when adequate.

Kaplan–Meier survival curves with a Cox regression analy-
sis were used to evaluate events (subsequent PJI and subse-
quent revision surgery) in time. The log-rank test was used 
to compare survival between 2 or more independent groups. 

Cohen’s weighted kappa coefficient was used to evaluate 
the concordance between preoperative and final classification. 
Statistical analyses were performed using IBM SPSS Statis-
tics (version 24.0; IBM Corp, Armonk, NY, USA) with sig-
nificance defined as a 2-tailed p-value < 0.05. 

Contingency tables were performed to assess sensitivity and 
negative predictive values (NPV) and their 95% confidence 
intervals (CI). 

Ethics, data sharing, funding, and disclosures
A previously defined study protocol was used to obtain local 
ethics committee approval in every participating institution. 
Anonymized electronic case report forms were then shared 
between centers.

This study had no specific funding and none of the authors 
has any monetary conflicts of interest to disclose. Senior 
authors of this paper (RS, MMcN, MC, MW, and AS) are or 
were members of the EBJIS Executive Committee and have 
previously been involved in the establishment of the EBJIS 
PJI definition. 

Results

During the inclusion period, a total of 1,554 revision hip or 
knee arthroplasties were performed in the 4 participating 
centers (723 in Barcelona, 407 in Porto, 209 in Basel, and 
215 in Groningen). After applying exclusion criteria, 697 
cases (226 THA and 471 TKA) were left for analysis with a 
mean follow-up of 36 months (range 1–85 months). Figure 
1 shows a flowchart of patient selection on 2 different path-
ways for 2 different analyses: definitive PJI classification 
comparison and preoperative versus definitive classification 
results.

Definitive PJI classification comparison
Using all available preoperative and intraoperative test(s) results 
of the 472 included cases, final PJI classification status according 
to different definitions was defined (Table 3). There were signifi-
cant differences among different PJI definitions, with the EBJIS 
definition classifying the highest number of cases as infected and 
the MSIS 2013 the least, with a difference of around 10% (p < 
0.001). Compared with ICM 2018, the EBJIS definition offered 
significantly fewer intermediate results: 5% (22/472) likely vs. 
9% (42/472) inconclusive, p = 0.01.

Table 4 details definitive microbiology findings according 
to the different classifications. The proportion of culture-neg-
ative infections was significantly different among classifica-
tions (p < 0.001). It was higher in EBJIS (28%) than in ICM 
2018 (19%) or IDSA (19%), and lowest using the MSIS 2013 
(9%). Among patients with single positive cultures, uncom-
mon contaminants were significantly more likely to present 
with other confirmatory features for infection than common 
contaminants. There were only 7 cases with isolated cultures 
growing uncommon contaminants and no confirmatory fea-
ture (more detailed information in Table 5, see Appendix).

Table 3. Final diagnosis classification according to different defini-
tions. Values are count (%)

 
EBJIS  Infection unlikely Infection likely Infection confirmed
 255 (54) 22 (5) 195 (41)
ICM 2018  Not infected Inconclusive Infected
 258 (55) 42 (9) 172 (36)
IDSA  Not infected – Infected
 284 (60) – 188 (40)
MSIS 2013  Not infected – Infected
 327 (69) – 145 (31)
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Considering the occurrence of subsequent PJI, all classifica-
tions demonstrated significantly different outcomes between 
infected and non-infected cases as expressed in Kaplan–Meier 
survival curves (Figure 2). Cases classified as infected were 
more likely to develop subsequent infection over time in all 
classifications studied. Looking at the need for subsequent 
revision surgery considering all causes, no significant differ-
ence was observed between infected and non-infected cases 
with any classification.

Within EBJIS, the rate of subsequent PJI during follow-
up was significantly lower in the non-infected cohort: 8% 
(20/255); when compared with the confirmed: 17% (33/195), 
(RR = 2, CI 1–4); or likely infection: 23% (5/22), (RR = 
3, CI 1–10) cohorts. The difference among confirmed and 

infected using other definitions. Compared with MSIS 2013, 
the rate of subsequent PJI in this subgroup was significantly 
higher than in the subgroup of concordant non-infected 
cases: 18% (13/72) vs. 8% (20/255), (RR = 3, CI 1–6). A 
similar yet not significant trend was also found when con-
fronting it with ICM 2018: 16% (7/45) vs. 7% (17/243), (RR 
= 2, CI 1–6); but not IDSA: 12% (4/34) vs. 8% (20/250), 
(RR = 2, CI 1–5). 

Interestingly, the rate of subsequent PJI among EBJIS likely 
or confirmed infections was similar comparing microbiologi-
cally confirmed infection with at least 2 identical cultures, 
single positive cultures (no difference between common or 
uncommon contaminant), and culture-negative infections: 
18% (19/106) vs. 17% (9/53) vs. 17% (10/58) respectively.
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Figure 2. Kaplan–Meier infection-free survival curves for different classifications.

Table 4. Microbiology growth findings according to different classification(s). Values are count (%)

     Single positive culture a 2 positive cultures
   No positive common uncommon or sonication
Factor n cultures contaminant b contaminant c  (> 50 CFU/mL)

EBJIS 
 Infection confirmed 195 55 (28)  24 (12) 10 (5) 106 (54)
 Infection likely 22 3 (14) 16 (73) 3 (14) –
 Infection unlikely 255 218 (85) 33 (13) 4 (2) –
ICM 2018
 Infected 172 32 (19) 23 (13) 11 (6) 106 (62)
 Inconclusive 42 25 (60) 16 (38) 1 (2) –
 Not infected 258 219 (85) 34 (13) 5 (2) –
IDSA
 Infected 188 36 (19) 29 (15) 17 (9) 106 (56)
 Not infected 284 240 (85) 44 (15) – –
MSIS 2013
 Infected 145 13 (9) 18 (12) 8 (6) 106 (73)
 Not infected 327 263 (80) 55 (17) 9 (3) –
.
a or sonication < 50 CFU/mL.
b most coagulase-negative staphylococci spp (S. epidermidis, S. capitis, S. hominis, S. warneri, S. 

auricularis), viridans group streptococci (S. mitis, S. mutants, S. salivarius), Corynebacterium spp, 
anaerobic gram-positive bacilli (Cutibacterium acnes), anaerobic gram-positive cocci (Finegoldia 
magna, Peptococcus spp, Peptostreptococcus spp).

c Staphylococcus aureus, Staphylococcus lugdunensis, Enterococcus, Beta-haemolytic Strep-
tococci, Streptococcus anginosus group (S. anginosus, S. constellatus, and S. intermedius), 
Enterobacteriaceae (Escherichia coli, Proteus spp, Klebsiella spp, Enterobacter spp, Morganella 
morganii), Pseudomonas aeruginosa, anaerobic gram-negative rods (Bacteroides fragilis, Fuso-
bacterium), Candida spp.

likely infection subgroups was not 
significant.

Comparing EBJIS subgroups 
with previous definitions, it is pos-
sible to ascertain that cases clas-
sified as non-infected within both 
EBJIS and MSIS have a signifi-
cantly lower infection rate when 
compared with those classified as 
infected in both classifications: 8% 
(20/255) vs. 17% (25/145), (RR = 
2, CI 1–5). The same is true using 
either the IDSA: 8% (20/250) vs. 
18% (31/176), (RR = 2, CI 1–4); 
or the ICM 2018 definitions: 7% 
(17/243) vs. 18% (31/170), (RR = 
3, CI 2–6) for comparison. More 
detailed information on outcome 
of different subgroups of patients 
as defined by the EBJIS criteria 
and previous definitions can be 
found in Table 6 (see Appendix).

Using the EBJIS definition, 
several patients were classified 
as likely or confirmed infections 
among those classified as not 
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Preoperative versus definitive results
361 revisions (316 TKA and 45 THA) with adequate pre-
operative synovial fluid analysis were included in the study 
of preoperative versus definitive results (Figure 1). Preop-
erative and definitive PJI classification status of the included 
patients according to the different definitions are presented 
in Table 7.

The EBJIS definition (k = 0.9, CI 0.8–0.9) showed the 
highest agreement between preoperative and definitive clas-
sification, followed by ICM 2018 (k = 0.8, CI 0.8–0.9), IDSA 
(k = 0.6, CI 0.5–0.7), and MSIS 2013 (k = 0.4, CI 0.3–0.4).

Concerning each classification’s ability to rule out infec-
tion prior to revision surgery and using each one’s definitive 
results for comparison: EBJIS preoperative unlikely result 
shows 89% (CI 84–93) sensitivity and 90% (CI 85–93) nega-
tive predictive value (NPV); ICM 2018 preoperative not 
infected result shows 85% (CI 79–90) sensitivity and 87% 
(CI 82–90) NPV; IDSA preoperative not infected result shows 
56% (CI 48–65) sensitivity and 77% (CI 74–80) NPV; and 
MSIS 2013 preoperative not infected result shows 66% (CI 
57–74) sensitivity and 85% (CI 81–88) NPV. 8 out of 19 pre-
operative EBJIS likely and 28 out of 49 ICM 2018 inconclu-
sive preoperative results turned out to be confirmed infections 
postoperatively. 

Using the EBJIS definition, the most common cause for 
upgrading cases that were misclassified preoperatively as not 
infected was positive intraoperative cultures, with the major-
ity growing coagulase-negative staphylococci. Table 8 (see 
Appendix) offers further details concerning these cases.

Discussion

We aimed to study the performance of the newly proposed 
EBJIS definition and compare it with pre-existing ones. 

Our results show that the EBJIS definition classified sig-
nificantly more cases of revision arthroplasties as infected, 
compared with all other definitions. It is noteworthy that 
those cases that are classified as likely or confirmed infection 
using EBJIS, which would otherwise be called non-infected 
using previous definitions, do have an unfavorable outcome, 
suggesting this extra sensitivity is indeed finding genuinely 
infected cases and does not represent an unacceptable over-
diagnosis. The EBJIS definition also performs favorably in 
the preoperative stage, with a very high agreement between 
preoperative and definitive classification and the best negative 
predictive value to rule out infection.

In accordance with previous findings (9,18), the ICM 2018 
criteria have also identified more infections than the MSIS 
2013. However, our study shows significantly fewer inter-
mediate results using the EBJIS definition compared with the 
ICM 2018 definition (4.7% vs 8.9%). This is important, as it 
reduces the number of cases that, after full investigation, still 
have an undetermined diagnosis but still require a decision on 
treatment.

Although the IDSA criteria were also more sensitive than 
MSIS 2013, we found them to be more prone to subjective 
interpretation and more often to require multidisciplinary dis-
cussion, although this is somewhat subjective and cannot be 
expressed objectively.

In this study, we chose to adopt clinical outcome after a 
minimum 2 years’ follow-up as a proxy for correct identi-
fication of infected cases. Naturally, many scenarios may 
be responsible for subsequent PJI and previously unrecog-
nized, untreated, persistent infection is only one of them. 
We chose to use the risk of subsequent PJI in aseptic cases 
(across definitions) as a reference for comparison. Theoreti-
cally, all the alternative potential causes of PJI are present 
in this cohort of aseptic patients and the increased risk in 
other subgroups is likely due to unrecognized/untreated PJI. 
This proxy seems reasonable, as it was shown that patients 
in the infected cohort were more likely to develop subse-
quent infection regardless of which classification was used. 
The outcome of “newly diagnosed” infections was in fact 
worse than the outcome of the group of patients classified as 
unlikely to be infected by both EBJIS and previous defini-
tions. One can therefore infer that these are real infections 
and hypothesize that they would indeed benefit from being 
treated as such. In fact, their outcome was similar to that 
of the group of patients in whom both EBJIS and previous 
definitions classify as infected. This is in line with previous 
findings, showing that patients with positive findings may 
be at risk of a poorer outcome, even if they do not qualify as 
infected in older definitions (13,14). 

Table 7. Preoperative versus definitive classification 
according to different definitions. Values are count (%) 

 Preoperative Definitive

EBJIS
 Unlikely 197 (55) Unlikely  177 (90)
   Likely  8 (4)
   Confirmed  12 (6)
 Likely 19 (5) Likely  11 (58)
   Confirmed  8 (42)
 Confirmed 145 (40) Confirmed  145 (100)
ICM 2018
 Not infected 207 (57) Not infected  180 (87)
   Inconclusive  19 (9)
   Infected  8 (4)
 Inconclusive 49 (14) Inconclusive  21 (43)
   Infected  28 (57)
 Infected 105 (29) Infected  105 (100)
IDSA
 Not infected 278 (77) Not infected  214 (77)
   Infected  64 (23)
 Infected 83 (23) Infected  83 (100)
MSIS 2013
 Not infected 279 (77) Not infected  236 (85)
   Infected  43 (15)
 Infected 82 (22) Infected  82 (100)
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The EBJIS definition classified more cases as infected 
when there was no confirmatory microbiological culture 
(28% culture-negative). This reflects the need for criteria 
other than bacterial culture to define the presence of infec-
tion while newer more sensitive methods of identifying 
pathogens are developed. This added sensitivity for the 
EBJIS definition is not at the expense of specificity. Despite 
the significantly higher rate of culture-negative infections, 
there is a similar rate of recurrent PJI when comparing 
microbiologically proven, single positive, or even culture-
negative infections. This suggests that these culture-nega-
tive cases are in fact infected with organisms that have not 
been cultured using current methodologies. One can only 
hypothesize whether new and more sensitive microbiologi-
cal methods such as next-generation sequencing will make 
a difference. The ability to identify “difficult to diagnose” 
infection was one of the main drivers in the development of 
the new EBJIS definition (16).

Another fundamental aspect of a PJI definition is its abil-
ity to serve as a practical guide for clinicians. As such, a key 
stage is the preoperative period when major decisions regard-
ing the most appropriate course of treatment are made even 
before relevant diagnostic tests such as intraoperative micro-
biology or histology are available. Current results show a very 
favorable performance of the EBJIS definition at this point, 
with very high agreement between preoperative and defini-
tive postoperative classification. In fact, the EBJIS infection 
unlikely result was shown to have the highest sensitivity and 
negative predictive values when compared with previous defi-
nitions. This is very helpful in guiding the correct treatment 
options before revision surgery.

This study is not without limitations. First and foremost, the 
lack of a true gold standard to clearly differentiate infected 
from non-infected cases hampers accurate comparison of 
diagnostic accuracy between different definitions. Previous 
validation studies have used major criteria (sinus tract and at 
least 2 positive cultures) as the gold standard but, in our view, 
this is a perpetuating and self-fulfilling prophecy approach 
and is not helpful in increasing the sensitivity of the defini-
tion. Our approach, to use subsequent infection risk after revi-
sion surgery, is novel and perhaps debatable but it allowed for 
objective comparison between definitions. 

Naturally, the study’s retrospective nature may cloak 
uncertainties concerning the accuracy of clinical information 
obtained from medical records. It is especially difficult to be 
certain of the reasoning behind the decision whether to treat 
each case as infected, especially when diagnosis was not obvi-
ous using the older criteria in use during the study period. We 
hypothesize that there may have been a significant selection 
bias toward a higher rate of antibiotic treatment after revi-
sion surgery in patients with obvious clinical risk factors for 
infection. The potential effect of such a phenomenon is clearly 
illustrated in papers that show increased risk of subsequent PJI 
in cases with positive intraoperative cultures treated with more 

aggressive antibiotic regimens (5,19). In addition, especially 
in 1-stage revision, it is not always clear whether the diagnosis 
of PJI was assumed pre- or postoperatively and whether the 
surgical procedure would have been different. We therefore 
declined to draw significant conclusions regarding the effect 
of “infection treatment” on subsequent clinical outcomes. 
However important this clearly is, it is unlikely that it would 
have different impact in the several definitions analyzed.

A minimum diagnostic investigation was established a priori 
to ensure fair PJI classification status that included intraopera-
tive tests. This automatically excludes from the study the cohort 
of patients with painful joints not requiring revision surgery. In 
addition, many revision arthroplasties performed in the partici-
pating centers during the study period had to be excluded due 
to a lack of adequate investigations. This might have affected 
the estimation of specificity, as probably most of these were 
judged to be clinically aseptic failures. Although regrettable, 
the authors believe this reflects actual clinical practice. 

A different limitation concerns the diagnostic testing actu-
ally performed. Not all cases underwent all diagnostic tests 
and notably some tests present in the ICM 2018 definition, 
such as d-dimer, leucocyte esterase, or alpha-defensin, are not 
part of routine investigation in participating institutions. While 
this is a possible source of bias, we believe this is overcome 
by the fact that d-dimer scores in the same category as CRP 
and both leucocyte esterase and alpha-defensin score in the 
same category as synovial leukocyte count. Alpha defensin is 
also part of the EBJIS criteria for confirmed PJI, so would also 
have been affected in the same way as in ICM. Although most 
diagnostic tests are objective and can be quantified, some such 
as histology or even nuclear medicine results were available 
only as a final interpretation by the attending physician, and 
adjusting the criterion used to specific interpretation criteria 
was not possible, thus introducing some classification bias.

We also excluded those cases with conditions that would con-
found the diagnosis of infection. As such, the findings of this 
study cannot be extrapolated to this subgroup of patients, who 
are admittedly difficult to diagnose. It was encouraging that 
only 35 cases out of 697 had to be excluded for this reason, sug-
gesting that the EBJIS definition is applicable to most patients.

Our study supports that the recently proposed EBJIS PJI 
definition is meaningful in our clinical practice, with improved 
detection of low-grade PJI and high specificity. It is easy to 
apply and is not dependent on adding up several different tests 
to create a score. It is highly reliable in ruling out infection 
with minimum clinical and laboratory investigation in the 
preoperative decision stage. The presence of the middle cat-
egory of “infection likely” should raise awareness of the high 
probability of PJI being present and that more comprehensive 
investigation should be performed. 

Conclusion
The EBJIS definition was more sensitive than the other defi-
nitions. EBJIS classification is accurate in ruling out infec-
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tion preopera tively. The EBJIS definition was not designed 
to dictate any particular treatment for any patient, but our 
study showed that it was accurate in identifying patients at 
risk of poor outcomes. Future prospective studies are needed 
to confirm the findings of our study, and especially to demon-
strate the potential advantage of expanding PJI treatment to 
this larger subgroup of patients that stems from the increased 
sensitivity. Also, further clarification is needed to better under-
stand whether cases definitively classified as likely infections 
require the same approach as confirmed infections.
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Table 1. Collected variables within selected patients with a mini-
mum 2-year follow-up before exclusion of patients with potentially 
confounding conditions. Values are count (%) unless otherwise 
specified

Patient and index surgery information n = 507 
 Mean age at surgery (min–max) 68.6 (24–93)
 Female sex 322 (63.3)
 Type of arthroplasty 
  TKA 332 (65.5)
  THA 175 (34.5)
 Type of implant 
  Primary 384 (75.7)
  Revision 109 (21.5)
  Tumor 14 (2.8)
 Metal-on-metal bearing 3 (0.6)
 Diagnosis, confounders, comorbidities 
  Inflammatory arthritis 21 (4.1)
 Revision surgery information 
  Mean months from index to 
        revision surgery (min–max) 202 (0.5–1447)
  Revision surgery < 6 weeks 
         after index procedure  23 (4.5)
 Indication for revision surgery 
  Periprosthetic fracture 11 (2.2)
  Preoperatively known PJI  145 (28.6)
 Antibiotics given < 15 days before surgery 12 (2.4)
Preoperative diagnostic workup availability 
 Clinical features 
  Sinus tract present 24 (4.7)
  Wound healing problems in index surgery 28 (5.5)
  Recent fever/bacteremia before revision 27 (5.3)
 Laboratory features 
  C-reactive protein 466 (91.9)
  Erythrocyte sedimentation rate 351 (69.2)
  Synovial fluid WBC count 237 (46.7)
  Synovial fluid proportion of PMNs 186 (36.7)
  Synovial fluid sent for culture  416 (82.0)
 Imaging workup 
  Radiographic loosening 137 (27.0)
  WBC scintigraphy 80 (15.8)
 Intraoperative diagnostic workup 
  Intraoperative purulence observed 61 (12.0)
  Samples sent for microbiology 
      3 tissue samples 67 (13.2)
      4 tissue samples 257 (50.7)
     ≥ 5 tissue samples 181 (35.7)
     Implant sent for sonication 243 (47.9)
 Samples sent for histology  411 (81.1)
Follow-up after revision surgery  
 Mean follow-up, months 43.3 

Appendix
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Table 2. Prosthetic joint infection definitions and respective criteria

MSIS 2013 
 Major criteria 2 positive periprosthetic cultures with phenotypically identical organisms, OR a sinus tract communicating with the joint
 Minor criteria (1) Elevated serum C-reactive protein (CRP) AND erythrocyte sedimentation rate (ESR)
   (2) Elevated synovial fluid white blood cell (WBC) count OR ++ change on leukocyte esterase test strip
   (3) Elevated synovial fluid polymorphonuclear neutrophil percentage (PMN%)
   (4) Positive histological analysis of periprosthetic tissue
   (5) A single positive culture

PJI is present when 1 of the major criteria exists or 3 out of 5 minor criteria exist. Thresholds for the minor diagnostic criteria for 
chronic PJI (> 90 days) are: ESR > 30 mm/h; CRP > 10 mg/L; synovial fluid WBC > 3,000 cells/μL; PMN > 80%; histological analysis > 
5 neutrophils per high power field in 5 high power fields (×400).

IDSA 1. The presence of a sinus tract that communicates with the prosthesis is definitive evidence of PJI.
  2. The presence of acute inflammation as seen on histopathologic examination of the periprosthetic tissue at the time of  
   surgical debridement or prosthesis removal as defined by the attending pathologist is highly suggestive evidence of PJI.
  3. The presence of purulence without another known etiology surrounding the prosthesis is definitive evidence of PJI.
  4. 2 or more intraoperative cultures or combination of preoperative aspiration and intraoperative cultures that yield the 
   same organism (indistinguishable based on common laboratory tests including genus and species identification or 
   common antibiogram) may be considered definitive evidence of PJI. 
  5. Growth of a virulent microorganism (e.g., S. aureus) in a single specimen of a tissue biopsy or synovial fluid may also 
   represent PJI. One of multiple tissue cultures or a single aspiration culture that yields an organism that is a common 
   contaminant (e.g., coagulase-negative staphylococci, Propionibacterium acnes) should not necessarily be considered 
   evidence of definite PJI and should be evaluated in the context of other available evidence. a 

a  Proportion of PMN > 65% neutrophils or synovial fluid WBC >1,700 cells/μL for total knee arthroplasty or 4,200 cells/μL for total hip 
arthroplasty as suggested in the original paper were used to define infection when a single positive culture with a common contami-
nant was present.

ICM 2018
 Major criteria 2 positive growths of the same organism using standard culture methods
  Sinus tract with evidence of communication to the joint or visualization of the prosthesis Infected
 Minor criteria Serum CRP > 10 mg/L or d-dimer > 860 μg/L 2 points 
  Elevated serum ESR > 30 mm/h 1 point 
  Elevated synovial WBC > 3,000 cells/μL OR leukocyte esterase ++ OR 
      positive alpha-defensin (signal/cutoff) 3 points 
  Elevated synovial PMN > 70% 2 points 
  Single positive culture 2 points 
  Positive histology 3 points 
  Positive intraoperative purulence (no role in suspected adverse local tissue reaction)  3 points 

Combined preoperative and postoperative score: ≥ 6 infected, 3–5 inconclusive, and < 3 not infected
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Table 2 continued

EBJIS Infection unlikely Infection likely Infection confirmed
   (all findings negative) (2 positive findings) a (any positive finding)
 Clinical and blood workup
  Clinical features Clear alternative reason for (1) Radiological signs of loosening Sinus tract with evidence of
   implant dysfunction (e.g.,       within the first 5 years after  communication to the joint or
   fracture, implant breakage,       implantation visualization of the prosthesis
   malposition, tumor) (2) Previous wound healing problems 
    (3) History of recent fever or
         bacteremia
    (4) Purulence around the prosthesis b 
  C-reactive protein  > 10 mg/L c 
 Synovial fluid cytological analysis d

  Leukocyte count c (cells/μL) ≤ 1,500 > 1,500 > 3,000
  PMN (%) c ≤ 65% > 65% > 80%
 Synovial fluid biomarkers
  Alpha-defensin e   Positive immunoassay or   
     lateral-flow assay e

 Microbiology f

  Aspiration fluid  Positive culture 
  Intraoperative (fluid and tissue) All cultures negative Single positive culture g ≥ 2 positive samples with the  
     same microorganism
  Sonication h (CFU/mL) No growth > 1 CFU/mL of any organism g > 50 CFU/mL of any organism
 Histology c,i

  High-power field (400x) Negative Presence of ≥ 5 neutrophils Presence of ≥ 5 neutrophils 
    in a single HPF in ≥ 5 HPF. Presence of visible
     microorganisms
 Other
  Nuclear imaging Negative 3-phase isotope Positive WBC scintigraphy j

   bone scan c 

a Infection is only likely if there is a positive clinical feature or raised serum C-reactive protein (CRP), together with another positive test (syno-
vial fluid, microbiology, histology, or nuclear imaging).

b Except in adverse local tissue reaction (ALTR) and crystal arthropathy cases.
c Should be interpreted with caution when other possible causes of inflammation are present: gout or other crystal arthropathy, metallosis, 

active inflammatory joint disease (e.g., rheumatoid arthritis), periprosthetic fracture, or the early postoperative period.
d These values are valid for hips and knee periprosthetic joint infection (PJI). Parameters are only valid when clear fluid is obtained and no 

lavage has been performed. Volume for the analysis should be > 250 μL, ideally 1 mL, collected in an EDTA containing tube and analyzed in 
< 1 hour, preferentially using automated techniques. For viscous samples, pre-treatment with hyaluronidase improves the accuracy of optical 
or automated techniques. In case of bloody samples, the adjusted synovial WBC = synovial WBC observed – [WBC blood / RBC blood x 
RBC synovial fluid] should be used.

e Not valid in cases of ALTR, hematomas, or acute inflammatory arthritis or gout.
f If antibiotic treatment has been given (not simple prophylaxis), the results of microbiological analysis may be compromised. In these cases, 

molecular techniques may have a place. Results of culture may be obtained from preoperative synovial aspiration, preoperative synovial 
biopsies, or (preferred) from intraoperative tissue samples.

g Interpretation of a single positive culture (or < 50 UFC/mL in sonication fluid) must be cautious and taken together with other evidence. If a 
preoperative aspiration identified the same microorganism, they should be considered as two positive confirmatory samples. Uncommon 
contaminants or virulent organisms (e.g., Staphylococcus aureus or gram-negative rods) are more likely to represent infection than common 
contaminants (such as coagulase-negative staphylococci, micrococci, or Cutibacterium acnes).

h If centrifugation is applied, then the suggested cut-off is 200 CFU/mL to confirm infection. If other variations to the protocol are used, the 
published cut-offs for each protocol must be applied.

i Histological analysis may be from preoperative biopsy, or intraoperative tissue samples with either paraffin or frozen section preparation.
j WBC scintigraphy is regarded as positive if the uptake is increased at the 20-hour scan, compared with the earlier scans (especially when 

combined with complementary bone marrow scan).
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Table 5. Detailed information concerning 84 single positive culture 
cases among 472 included cases 

EBJIS definitive Reasons for Treated as Subsequent
classification classification infected infection

Common contaminants (n = 73)
  Unlikely 33 3 2 
   No other positive
   findings 
 Likely 16 13 5 
   Elevated CRP (12)
   Early loosening (4) 
 Confirmed 24 20 4
   Elevated leukocyte/
   PMN (13)
   Positive histology (7)
   Sinus tract (4) 
Uncommon contaminants (n = 17)
 Unlikely 4 1 0
   No other positive
   findings 
 Likely 3 2 0
   Early loosening (2)
   Elevated CRP (1)
 Confirmed 10 9 0
   Elevated leukocyte/
   PMN (7)
   Positive histology (2)
   Sinus tract (1)

Table 8. Reasons why and microorganisms isolated in cases in 
which definitive results were upgraded compared with preoperative 
EBJIS definition classification

EBJIS EBJIS preoperative
definitive Unlikely  Likely

Likely 8 –
  Single positive culture (8)  
  AND elevated CRP (3)
  Early loosening (5) 
Confirmed 12 8
  Positive histology (8) Positive histology (2)
  ≥ 2 identical cultures (4) ≥ 2 identical cultures (6)
Type of microorganisms isolated a

 Coagulase-negative
    staphylococci 15 4
 Streptococcus spp. 2  1 
 Corynebacterium spp. 1  –
 Anaerobes – 2
 Candida spp. – 1

a Some cases offered > 1 positive sample but grew different species 
of microorganisms thus not fulfilling criteria to be called confirmed 
infections and were therefore categorized as single positive cultures.

Table 6. Different classification subgroups compared with EBJIS 
2021 and subsequent infection during follow-up. Values are count 
(%)

   EBJIS
  Unlikely Likely Confirmed

ICM 2018
 Not infected 243  8  7 
    Subsequent PJI 17 (7) 0 (0) 1 (14)
 Inconclusive 12  12  18 
    Subsequent PJI 3 (25) 5 (42) 1 (6)
 Infected – 2  170 
    Subsequent PJI – 0 (0) 31 (18)
IDSA 
 Not infected 250  15  19 
    Subsequent PJI 20 (8) 2 (13) 2 (10)
 Infected 5  7  176 
    Subsequent PJI 0 (0) 3 (43) 31 (18)
MSIS 2013 
 Not infected 255  22  50 
    Subsequent PJI 20 (8) 5 (23) 8 (16)
 Infected – – 145 
    Subsequent PJI – – 25 (17)


