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Fig. 1. Flow chart of infectious episodes by type of infection. 
∗ 80 patients were seen in several reference centers; ∗∗ refers to multiple mechanisms and multiple sites; PJI: Prosthetic joint infections; LLE: lower limb extremity, i.e. foot 
and ankle; SSTI: Skin and soft tissue infection; BJI: bone and joint infections. 

Table 1 
Characteristics of patients. 

Complex infections Non-complex infections p Total 
Variables 17 328 (61.1%) 10 998 (38.8%) 28 365 NA 
Age med [Q25-Q75] 66 [53–77] 64 [50–75] < 0.001 65 [52–76] 0 (0%) 
Number of MM mean [SD] 2.09 [1.81] 1.33 [0.77] < 0.001 1.79 [1.54] 0 (0%) 
Number of different sites mean [SD] 1.15 [0.44] 1.05 [0.24] < 0.001 1.11 [0.38] 0 (0%) 
Weight med [Q25-Q75] 78 [65–90] 77 [65–90] < 0.001 77.2 [65–90] 9080 (32%) 
BMI med [Q25-Q75] 26.8 [23.2–31.2] 26.5 [23.1–30.5] < 0.001 26.7 [23.2–30.9] 11,629 (41%) 
ASA score mean [SD] 2.16 [0.85] 2.00 [0.78] < 0.001 2.10 [0.83] 12,566 (44.3%) 
Male sex n/% 10 748 62% 6 762 61.5% 0.8 17 534 61.8% 0 (0%) 
Multiple comorbidities n/% 5 728 33.1% 2 448 22.3% < 0.001 8 183 28.9% 0 (0%) 
Number of comorbidities mean [SD] 1.00 [1.16] 0.72 [0.97] < 0.001 0.89 [1.10] 0 (0%) 
Diabetes n/% 3 487 20.1% 1 701 15.5% < 0.001 5 194 18.3% 0 (0%) 
Obesity n/% 4 099 23.7% 2 239 20.4% 0.06 6 345 22.4% 0 (0%) 
Tobacco n/% 1 817 10.5% 945 8.6% 0.002 2 763 9.7% 0 (0%) 
Alcohol n/% 778 4.5% 451 4.1% 0.004 1 228 4.3% 0 (0%) 
Immunodeficiency n/% 1 114 6.4% 344 3.1% < 0.001 1 459 5.1% 0 (0%) 
Inflammatory disease n/% 751 4.3% 342 3.1% 0.001 1 093 3.9% 0 (0%) 
Paraplegia n/% 568 3.3% 242 2.2% 0.3 812 2.9% 0 (0%) 
Anticoagulation n/% 1 394 8% 701 6.4% < 0.001 2 095 7.4% 0 (0%) 
Neoplasm n/% 508 2.9% 182 1.7% < 0.001 691 2.4% 0 (0%) 
Heart failure n/% 1 766 10.2% 579 5.3% < 0.001 2 345 8.3% 0 (0%) 
Kidney failure n/% 1 758 10.1% 610 5.5% < 0.001 2 370 8.4% 0 (0%) 
Liver disease n/% 512 3% 163 1.5% < 0.001 674 2.4% 0 (0%) 
Dementia n/% 289 1.7% 203 1.8% 0.2 491 1.7% 0 (0%) 
Intracardiac device n/% 335 1.9% 175 1.6% 0.03 510 1.8% 0 (0%) 
Drug intolerance n/% 1 481 8.5% 635 5.8% < 0.001 2 118 7.5% 0 (0%) 
Complex infection n/% – – – – 17 328 61.1% 39 (0.1%) 

vice (22.1% vs 17,8%, p < 0.001) and multiple infections (37.2% vs 
19.9%, p < 0.001). Their prevalence remained stable over time. 

Detailed advised surgical procedures are resumed in Appendix 
3 (Supplemental files). Surgical procedures were advised for 23,768 
infectious episodes (83.8%), mainly cleaning and device removal 
surgery (9678/23,768 and 9818/23,768, respectively). An antibi- 
otic treatment was proposed for 23,984 infectious episodes (84.6%) 
( Table 2 ). For the others, several reasons may have conducted to 
the absence of antimicrobial therapy: 1/advice for cessation (end 
of treatment, post-second stage of a two-stage exchange, ampu- 
tation, creation of effective drain fistulae); and 2/ to a lower ex- 
tent absence of confirmed infection. Among the detailed antibiotic 
treatment proposals (22,482 infectious episodes), a combination 
was advised in 19,152 infectious episodes (85.2%). During one in- 

fectious episode, patients could have been presented several times 
in MM with different antibiotic therapies proposed (i.e. for micro- 
biologic adaptation, previous failure etc.). At the MM level, Beta- 
lactams were the most widely used class of antibiotics with 26,200 
prescriptions out of the 39,271 MM with a proposed antibiotic 
therapy (66.7%). Antibiotics most used were broad spectrum beta- 
lactams (piperacilline/tazobactam and cefepime, accounting for 17% 
and 10% of total number of MM, respectively), then amoxicillin 
(7.7%), ceftriaxone (5.8%), cefazolin (5.3%), amoxicillin/clavulanate 
(4.2%) and cloxacillin (3.1%). Other main classes were quinolones 
(12,498 MM), glycopeptides (9867 MM) and rifampicin (9269 MM) 
(Supplemental files, Appendix 4). The class of antibiotics used ac- 
cording to the main micro-organisms was detailed in Supplemen- 
tal files, Appendix 5. Notably, fluoroquinolones-rifampicin combi- 
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Fig. 2. Microbiology of bone and joint infections presented in multidisciplinary meetings. 
PJI: Prosthetic Joint Infection; H & K PJI: PJI of hip and knee; FD: foreign device; VI: vertebral infections; MSSA: Multi-susceptible Staphylococcus aureus ; SA-R: Staphylococcus 
aureus with resistance; MS-CoNS: Multi-susceptible Coagulase-negative staphylococci; CoNS-R: Coagulase-negative staphylococci with resistance; EB: Enterobacteriaceae; 
MREB: EB with resistance; nfNGB: non-fermentative Gram negative bacilli. 
nation was advised after 5827 MM, including 3131 infections due 
to staphylococci, and 1786 polymicrobial infections. 
Prosthetic joint infections 

In total, including multiple sites infections and vertebral pros- 
thesis, 12,125 episodes of PJI were presented, and involved mainly 
hip (6458 episodes) and knee (4840 episodes) ( Fig. 1 ). Considering 
individually every hip or knee PJI, infections were considered as 
complex in 4310 (66.7%) and 3357 episodes (69.3%), due to previ- 
ous management failure in 2065 (32.0%) and 1833 episodes (37.9%), 
and/or to complex surgery in 1719 (26.6%), and 1572 episodes 
(32.5%), respectively. The acute, chronic or hematogenous charac- 
ter of infection was not recorded in the database. Microbiologi- 
cal documentation was notified in 4532 hip PJIs (70.2%) and 3326 
knee PJIs (68.7%) episodes with predominance of Staphylococcus 
aureus ( 1 ,698 and 1 ,276), Coagulase negative staphylococci (1491 
and 1175) and polymicrobial infections (1024 and 679). Microbiol- 
ogy was similar between both localizations except for Enterobac- 
teriaceae (853; 13.2% vs 511; 10.6%, p < 0.001), anaerobic bacteria 
(435; 6.7% vs 228; 4.7%, p < 0.001), and streptococci (542; 8.4% vs 
531; 11.0%, p < 0.001). Trends remained stable over time ( Fig. 3 ). 
Medical management was similar between hip or knee PJIs and 
depended of microbiological findings. During the study period, we 
noticed a significant rise both in single antibiotic therapies and 
multiple combinations of antibiotics (3 antibiotics or more), asso- 
ciated with a significant decrease of non-documented treatment 
( Fig. 3 ). Rifampicin was used in 30.1% of episodes, in associa- 
tion with quinolones in 18.2%. A long-term suppressive antibiotic 
treatment was advised in 4.6% of episodes, after an initial “stan- 

dard” 6-to-12 weeks therapy. It was prescribed as a palliative treat- 
ment, usually for at least 6 months and often for life, as a single 
molecule. The main antibiotics advised were cyclins (doxycycline 
and minocyclin). Other antibiotics used were cotrimoxazole, amox- 
icillin, pristinamycine, clindamycin, depending on the susceptibility 
of micro-organisms. Considering surgical management, DAIR (de- 
bridement, antibiotics and implant retention) was proposed for 
1671 (25.9%) and 1275 (26.3%) episodes, whereas one-stage ex- 
change for 1979 (30.6%) and 1383 (28.6%) episodes, and two-stage 
exchange for 860 (13.3%) and 737 (15.2%) episodes. There was 
no significant trend for these procedures during the study period 
( Fig. 3 ). Coverture procedure, arthrodesis, or amputation were pro- 
posed mainly for knee PJI (239 vs 20; 174 vs 10; 132 vs 22, respec- 
tively, p < 0.001), whereas joint resection was mainly advised for 
hip PJI (117 vs 22, p < 0.001). In total, 1.271 patients (11.6%) had 
several procedures. Among them, when DAIR was the first option 
(256), one- or two-stage revisions were performed in 151 (59.0%) 
and 122 patients (47.7%), respectively (both for 17 patients). 
Discussion 
Main results 

The CRIOAc network has been set up to provide access to the 
best care using the specialized multidisciplinary experience of cho- 
sen centers for patients presenting with complex BJI across the 
country. 1 , 11 If the definition of complexity is not widely recog- 
nized, it corresponds with higher health costs and complications. 1 
Due to comorbidities, difficult-to-treat micro-organisms, previous 
failure or complex surgical management, the recognition of a com- 
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TSUKUYAMA CLASSIFICATION

healing and functional performance are still in progress, CRP
levels approach baseline values, and there is no consolidation
yet of the biofilm formation process for a possible infection. In
addition, the cutoff values for blood and synovial biomarkers
during the 1st 4 weeks are different from subsequent cutoff
levels. In this circumstance, more conservative treatment
measures, such as retention of prosthetic implants, may be
warranted. On the other hand, the development of infectious
signs and symptoms after 4weeks demonstrates the character
of exogenous postoperative infections at a time in which
functional rescue and the healing of soft parts should have
already happened, while the necessary time has elapsed for
complete biofilm establishment and maturation. As such,
more radical therapeutic measures must be carried out. If
we consider that the characterization of a hematogenous
infection requires an asymptomatic postoperative period,
the 4-week period is also enough to indicate if the recovery
was adequate or not. Moreover, the clinical picture is different
in acute or chronic patients, with different clinical presenta-
tions and marked quantitative differences in blood, SF, and
periprosthetic tissues biomarkers.

Clinical Diagnosis of Periprosthetic Joint
Infection (Signs and Symptoms)

Since there is no gold standard for the diagnosis of PJI, the
clinical practice is based on guidelines and on consensuses
using the clinical picture and blood or SF biomarkers
(less invasive technique), periprosthetic tissue histology, and
bacteriology to identify the etiological agent in the SF or in the
periprosthetic tissuebypre- or intraoperative cultures, or even
bymolecular techniques. Thus,within thediagnosticcontextof
PJI, the clinical practice has two different dimensions. The
diagnosis of infection implies recognizing a syndromic picture
ofprosthetic infection that allows its differentiation fromother
causes of painful THR. that is, the differentiation of septic and
aseptic causes, which allows for an earlier intervention. To do
so, clinical information, biomarkers, and images are used. On
theotherhand, thediagnosisofprosthetic infection implies the

recognition of the etiological agent or agents by periprosthetic
fluid and tissue cultures and, more recently, by molecular
techniques. The knowledge of the etiological agent will influ-
ence the decision-making process regarding themost effective
treatment. Thus, amoredetailed investigation that leads to the
etiological diagnosis should follow the syndromic diagnosis.

Clinical information often presents low sensitivity and/or
specificity for the diagnosis of PJI, especially when analyzed
within abroadercontext, inwhich theperiodandpresentation
of the infectious condition are not considered. To facilitate the
identification and the nature of themain signs and symptoms
possibly indicating a septic origin for the prosthetic recon-
struction defect, the following criteria were standardized:
pain, fever, periprosthetic inflammation (joint effusion,
edema, local heat, hyperemia), superficial disturbances of
the surgical site (persistent nonpurulent drainage, delayed
healing, or superficial and localized dehiscence of the surgical
wound), or deep soft tissue involvement (cutaneous fistula
involving the joint, suppuration or accumulation of pus,
abscess, or extensive necrosis), and functional joint disorders
in the form of stiffness or reduced range of motion.13

Using this standardization of signs and symptoms, we
performed recently a systematic review of the literature on
the clinical findings of PJI, including 4,128 infected arthro-
plastic procedures.13 We observed that pain is the most
sensitive symptom, but with a low specificity for the clinical
pictureof PJI (►Table 3). Considering all types of PJI, pain alone
has a predominant incidence, whereas early postoperative
infection has a clinical picture characterized mainly by pain,
superficial surgical site disturbances, periarticular inflamma-
tory signs, and involvementofdeeper planes. Feverhas a lower
incidence in this type of PJI, because hyperthermia is common
during the 1st 5 postoperative days, even though there is no
underlying infectious process; it is, therefore, a manifestation
of the response to the surgical trauma.14 Joint functional
disorders areunderreported in the literature,whichhampered
its evaluation.

Acute hematogenous infection, which begins after an
asymptomatic period of prosthetic reconstruction, presents

Table 2 Classification according to Tsukayama et al (2003)11

Infection
type/features

I. Positive
intraoperative
culture

II. Early
postoperative
infection

III. Acute
hematogenic
infection

IV. Late chronic
infection

Symptoms
start after
baseline surgery

____ Up to 4 weeks After an asymptomatic
period

After 4 weeks

Mechanism ____ Exogenous Hematogenic Exogenous or
hematogenic

Most common
etiological agent

Coagulase-negative
Staphylococci
(epidermidis)

Staphylococci
(Coagulase-positive
and negative),
Gram-negative Bacilli

Coagulase-positive
Staphylococci þ,
Streptococci

Staphylococci (Coagulase-positive
and negative),
Gram-negative Bacilli

Clinical
presentation

Painful
arthroplasty

Fever, inflammatory
signs, persistent
drainage, no
sinus tract

Fever, inflammatory
signs, no sinus tract

Fever, sinus tract,
drainage, pus accumulation,
local edema

Rev Bras Ortop Vol. 54 No. 4/2019

Early Diagnosis of Periprosthetic Joint Infection of the Hip Gomes et al. 371

Tsukuyama et al. JBJS 1996



expectantly withholding antibiotic therapy, Giacometti Ceroni
et al. [63] reported that 83.3% of patients were pain-free and
without systemic symptoms after a mean follow-up of 6.7
years (range 2–10 years).

Arthroscopic lavage for treatment of PJI

Arthroscopic lavage of an infected prosthetic joint does not
allow access to all parts of the joint, particularly the posterior
part of the knee joint and the polyethylene liner backside in
knee as well as other joints. In addition, it does not allow for
exchange of mobile parts, reflecting insufficient debridement
as mentioned above (error 12). In prosthetic hip joints, de-
bridement is insufficient without dislocation of the femoral
head, which is difficult to perform without arthrotomy.
Byren et al. [64] observed four times higher failure rate fol-
lowing arthroscopic lavage than standard DAIR surgery.
Hyman et al. [65] described favorable results in a series of
eight patients with late acute hip PJIs—all patients were, how-
ever, managed with chronic antibiotic suppression in addition
to arthroscopic lavage. Arthroscopy has a limited role in the
diagnostic workup of a painful prosthesis, allowing for inspec-
tion of the components in search of instability and wear, ex-
clusion of non-infectious causes, visualization of the
synovium, and retrieval of samples for microbiology and his-
tology in selected cases [14, 66–68]. Importantly, arthroscopy
is an invasive intervention, which is associated with a small
risk of infection; therefore, the indication for diagnostic ar-
throscopy should be considered carefully.

Insufficient debridement or incomplete exchange
of implants

A common reason for treatment failure is inadequate debride-
ment. All diseased or devitalized tissue and bone should be
removed during surgery. This includes old scar tissue, sinus

tracts, osteolytic regions, sequestra, and any devitalized tissue
until bleeding margins are obtained. In infections with mature
biofilm, all foreign material including cerclages and bone ce-
ment should be rigorously removed. Although some series
have documented partial exchange of implants with accept-
able results, particularly in cases in which a prosthetic com-
ponent is so well-fixed that its removal could result in signif-
icant bone loss and compromise of fixation at the time of the
later prosthesis reimplantation and the causative organisms are
not multidrug-resistant, in immunocompetent patients without
sinus tracts, this option should be the exception rather than the
norm [15, 66, 69, 70], and surgeons should be aware that this
could compromise treatment success.

High-pressure pulse lavage during surgery

Pulse lavage is commonly used in PJI surgery. In the clinical
setting, the success rate in treating orthopaedic implant–
related infections is similar when using high-pressure and
low-pressure pulsatile lavages (81.6% vs. 84.4%, respective-
ly; p = 1.00) [71]. Several in vitro studies have shown, how-
ever, that pulse lavage may not be suitable for PJI surgery,
especially in cases of DAIR. Not only is pulse lavage ineffec-
tive in removing biofilms from the implant surface [72], it can
also potentially increase soft tissue damage and propagate
bacteria deeper into soft tissue, leading to increased bacterial
retention [73].

Errors using antibiotic-loaded cement spacers

The use of antibiotic-loaded bone cement (ALBC) spacers in
two-stage revisions has two goals: first, it provides local de-
livery of high doses of antibiotics, above the minimal inhibi-
tory concentration (MIC) normally attainable locally with sys-
temic treatment without adverse effects. Second, it serves as a
filler of dead space, limiting the presence of void-filling

Table 1 Classification, characteristics, and treatment strategies of PJI

Acute PJI (immature biofilm) Chronic PJI (mature biofilm)

Pathogenesis

- Peri-operative < 4 weeks after surgery ≥ 4 weeks after surgery (typically 3 months–3 years)

- Haematogenous or
contiguous

< 3 weeks of symptoms ≥ 3 weeks of symptoms

Clinical features Acute pain, fever, red/swollen joint, prolonged
postoperative discharge (> 7–10 days)

Chronic pain, loosening of the prosthesis, sinus
tract (fistula)

Causative micro-organism High-virulent: Staphylococcus aureus, gram-negative bac-
teria
(e.g., Escherichia coli, Klebsiella, Pseudomonas
aeruginosa)

Low-virulent: coagulase-negative staphylococci
(e.g., Staphylococcus epidermidis), Cutibacterium
acnes

Surgical treatment Debridement and retention of prosthesis
(change of mobile parts)

Complete removal of prosthesis
(exchange in one or two stages)

Adapted from Li et al. [6]

International Orthopaedics (SICOT) (2020) 44:3–14 7
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Switzerland),11 during a second aspiration before 
arthrotomy.

Intraoperatively, at least three tissue specimens were 
sent for 14- day culture.10

At least two tissue samples of the pseudocapsule 
and periprosthetic membrane were collected for histo-
pathological analysis. Tissue neutrophils were counted 
with a cut- o! of  ≥ 5 polymorphonuclear neutrophils/
high power field (HPF).11 Explanted components were 
sent for culture, after sonication.12

For preoperative diagnosis, the following parame-
ters were assessed based on the used infection defini-
tion and their specific cut- o!s: communicating sinus 
tract (IDSA, ICM, EBJIS), synovial fluid WBC and %PMN 
(ICM, EBJIS), positive alpha- defensin lateral flow test 
(ICM, EBJIS), positive microbiology in the synovial fluid 
(IDSA: ≥ 1 virulent microorganism), elevated serum 
CRP (ICM), and visible purulence surrounding the pros-
thesis (IDSA).
Statistical analysis. For descriptive analysis, continuous 
variables are summarized as median and IQR, and cat-
egorical variables as absolute and relative frequencies. 

To compare metric variables, the independent- samples 
t- test was used. For the comparison of binary variables, 
the Fisher’s exact test or chi- squared test was used. The 
preoperative performances of the three infection defi-
nitions were evaluated by calculating sensitivity, spec-
ificity, accuracy, positive (PPV) and negative predictive 
value (NPV), and area under the curves (AUC), using all 
definitive postoperative diagnoses as reference. Likely 
infections (EBJIS) or inconclusive diagnoses (ICM) were 
grouped with the uninfected group for analysis. Their 
95% confidence intervals (CIs) were calculated, and in-
dividual receiver operating characteristic (ROC) curves 
were drawn. The AUCs of the preoperative results of the 
three criteria were compared using the z- test. A signif-
icance level of 5% was used. Statistical analyses were 
undertaken using XLSTAT statistical and data analysis 
solution (version 2021.4.1; Addinsoft, USA).

Results
Confirmation of infection. The EBJIS definition diag-
nosed PJI in 101  patients (101/206; 49%) (Figure  1). 

Table I. 2013 Infectious Diseases Society of America (IDSA) definition for the diagnosis of periprosthetic joint infection.

2013 Infectious Diseases Society of America (IDSA) definition

PJI: at least one criterion needs to be fulfilled

1. Communicating sinus tract
2. Visible purulence surrounding the prosthesis
3. Positive histological analysis of periprosthetic tissue
4. ≥ 2 positive tissue cultures or a combination of positive synovial fluid culture and tissue culture with phenotypically identical microorganisms
5. ≥ 1 virulent microorganism (e.g. Staphylococcus aureus) of tissue culture or synovial fluid culture

PJI, periprosthetic joint infection.

Table II. Second version of the International Consensus Meeting (ICM) definition (2018) for the diagnosis of periprosthetic joint infection.

2018 International Consensus Meeting (ICM) definition

Major criteria (PJI: at least one criterion needs to be fulfilled)
1. Two positive cultures of the same organism
2. Sinus tract with evidence of communication to the joint or visualization of the prosthesis
Minor criteria
Preoperative diagnosis Score Decision
Serum

1. Elevated CRP (> 10 mg/l) or D- dimer (> 860 ng/ml) 2
2. Elevated ESR (> 30 mm/h) 1 ≥ 6: infected

Synovial 2 to 5: possibly infected*
3. Elevated synovial WBC (> 3,000 cells/µl) or LE (++) 3 0 to 1: not infected
4. Positive alpha- defensin (signal- to- cut- o! ratio > 1) 3
5. Elevated synovial PMN% (> 80%) 2
6. Elevated synovial CRP (> 6.9 mg/l) 1

Intraoperative diagnosis
1. Preoperative score - ≥ 6: infected
2. Positive histology 3 2 to 5: possibly infected†
3. Positive purulence 3 0 to 1: not infected
4. Single positive culture 2

*For patients with inconclusive minor criteria, intraoperative criteria can also be used to diagnose periprosthetic joint infection.
†Consider molecular diagnostics (e.g. next generation sequencing).
PJI, periprosthetic joint infection; PMN%, percentage of polymorphonuclear neutrophils; WBC, white blood cell count.

Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W, Steckelberg JM, et al. Infectious Diseases Society of America. Executive summary: diagnosis and management of prosthetic joint infection: 
clinical practice guidelines by the Infectious Diseases Society of America. Clin Infect Dis 2013;56(01):1–10 
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Switzerland),11 during a second aspiration before 
arthrotomy.

Intraoperatively, at least three tissue specimens were 
sent for 14- day culture.10

At least two tissue samples of the pseudocapsule 
and periprosthetic membrane were collected for histo-
pathological analysis. Tissue neutrophils were counted 
with a cut- o! of  ≥ 5 polymorphonuclear neutrophils/
high power field (HPF).11 Explanted components were 
sent for culture, after sonication.12

For preoperative diagnosis, the following parame-
ters were assessed based on the used infection defini-
tion and their specific cut- o!s: communicating sinus 
tract (IDSA, ICM, EBJIS), synovial fluid WBC and %PMN 
(ICM, EBJIS), positive alpha- defensin lateral flow test 
(ICM, EBJIS), positive microbiology in the synovial fluid 
(IDSA: ≥ 1 virulent microorganism), elevated serum 
CRP (ICM), and visible purulence surrounding the pros-
thesis (IDSA).
Statistical analysis. For descriptive analysis, continuous 
variables are summarized as median and IQR, and cat-
egorical variables as absolute and relative frequencies. 

To compare metric variables, the independent- samples 
t- test was used. For the comparison of binary variables, 
the Fisher’s exact test or chi- squared test was used. The 
preoperative performances of the three infection defi-
nitions were evaluated by calculating sensitivity, spec-
ificity, accuracy, positive (PPV) and negative predictive 
value (NPV), and area under the curves (AUC), using all 
definitive postoperative diagnoses as reference. Likely 
infections (EBJIS) or inconclusive diagnoses (ICM) were 
grouped with the uninfected group for analysis. Their 
95% confidence intervals (CIs) were calculated, and in-
dividual receiver operating characteristic (ROC) curves 
were drawn. The AUCs of the preoperative results of the 
three criteria were compared using the z- test. A signif-
icance level of 5% was used. Statistical analyses were 
undertaken using XLSTAT statistical and data analysis 
solution (version 2021.4.1; Addinsoft, USA).

Results
Confirmation of infection. The EBJIS definition diag-
nosed PJI in 101  patients (101/206; 49%) (Figure  1). 

Table I. 2013 Infectious Diseases Society of America (IDSA) definition for the diagnosis of periprosthetic joint infection.

2013 Infectious Diseases Society of America (IDSA) definition

PJI: at least one criterion needs to be fulfilled

1. Communicating sinus tract
2. Visible purulence surrounding the prosthesis
3. Positive histological analysis of periprosthetic tissue
4. ≥ 2 positive tissue cultures or a combination of positive synovial fluid culture and tissue culture with phenotypically identical microorganisms
5. ≥ 1 virulent microorganism (e.g. Staphylococcus aureus) of tissue culture or synovial fluid culture

PJI, periprosthetic joint infection.

Table II. Second version of the International Consensus Meeting (ICM) definition (2018) for the diagnosis of periprosthetic joint infection.

2018 International Consensus Meeting (ICM) definition

Major criteria (PJI: at least one criterion needs to be fulfilled)
1. Two positive cultures of the same organism
2. Sinus tract with evidence of communication to the joint or visualization of the prosthesis
Minor criteria
Preoperative diagnosis Score Decision
Serum

1. Elevated CRP (> 10 mg/l) or D- dimer (> 860 ng/ml) 2
2. Elevated ESR (> 30 mm/h) 1 ≥ 6: infected

Synovial 2 to 5: possibly infected*
3. Elevated synovial WBC (> 3,000 cells/µl) or LE (++) 3 0 to 1: not infected
4. Positive alpha- defensin (signal- to- cut- o! ratio > 1) 3
5. Elevated synovial PMN% (> 80%) 2
6. Elevated synovial CRP (> 6.9 mg/l) 1

Intraoperative diagnosis
1. Preoperative score - ≥ 6: infected
2. Positive histology 3 2 to 5: possibly infected†
3. Positive purulence 3 0 to 1: not infected
4. Single positive culture 2

*For patients with inconclusive minor criteria, intraoperative criteria can also be used to diagnose periprosthetic joint infection.
†Consider molecular diagnostics (e.g. next generation sequencing).
PJI, periprosthetic joint infection; PMN%, percentage of polymorphonuclear neutrophils; WBC, white blood cell count.Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ, et al. New definition for periprosthetic joint infection: from the Workgroup of the Musculoskeletal

Infection Society. Clin Orthop Relat Res 2011;469(11):2992–2994 
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Overall, 84/101 patients (83%) fulfilled two or more 
confirmatory criteria (Figure 2).

Of the 101 confirmed PJIs, 59  patients (59/101; 
58.4%) were culture- positive with at least two posi-
tive samples with the same microorganism. In three PJI 
cases, which were also confirmed by the IDSA and ICM 
criteria, sonication showed microbial growth (Esche-
richia coli > 100 CFU/ml (n = 1), Enterococcus faecalis > 

100 CFU/ml (n = 1), Staphylococcus aureus > 100 CFU/
ml (n = 1)). In total, 62/101 patients (61.4%) showed 
microbial growth and 39/101 patients (38.6%) showed 
no microbial growth at all.

The IDSA definition diagnosed 99 patients (99/206; 
48%) with PJI. Of these, 64/99 (65%) fulfilled two or 
more criteria (Figure 2) and 59 patients (59/99; 59.6%) 
were culture- positive with at least two positive samples 

Table III. 2021 European Bone and Joint Infection Society (EBJIS) definition for the diagnosis of periprosthetic joint infection.

EBJIS criteria for the diagnosis of clinically suspected periprosthetic joint infection

  Infection unlikely
(all findings negative)

Infection likely
(two positive findings)a

Infection confirmed
(any positive finding)

Clinical and blood workup
Clinical features Clear alternative reason for implant 

dysfunction (e.g. fracture, implant 
breakage, malposition, tumour)

1. Radiological signs of loosening within the 
first 5 yrs after implantation

2. Previous wound healing problems
3. History of recent fever or bacteraemia
4. Purulence around the prosthesisb

Sinus tract with evidence 
of communication to the 
joint or visualization of the 
prosthesis

CRP > 10 mg/l (1 mg/dl)c

Synovial fluid cytological analysisd

Leukocyte count (cells/μl)c ≤ 1,500 > 1,500 > 3,000
PMN%c ≤ 65% > 65% > 80%
Synovial fluid biomarkers
Alpha- defensine Positive immunoassay or 

lateral- flow assay
Microbiologyf

Aspiration fluid Positive culture
Intraoperative (fluid and tissue) All cultures negative Single positive cultureg ≥ 2 positive samples with 

the same microorganism
Sonicationh

(CFU/ml)
No growth > 1 CFU/ml of any organism g > 50 CFU/ml of any 

organism
Histologyc,i

HPF (400× magnification) Negative Presence of ≥ 5 neutrophils in a single HPF Presence of ≥ 5 
neutrophils in ≥ 5 HPF

  Presence of visible 
microorganisms

Others
Nuclear imaging Negative 3- phase Isotope Bone Scanc Positive WBC scintigraphyj

a. Infection is only likely if there is a positive clinical feature or raised serum CRP together with another positive test (synovial 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 hip and knee periprosthetic joint infection. 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 h, 
preferentially using automated techniques. For viscous samples, pretreatment 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 × RBC synovial fluid) should be used.
e. Not valid in cases of ALTR, haematomas, 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 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- o& is 200 CFU/ml to confirm infection. If other variations to the protocol are used, the 
published cut- o&s for each protocol must be applied.
i. Histological analysis may be from preoperative biopsy, intraoperative tissue samples with either para'n or frozen section preparation.
j. WBC scintigraphy is regarded as positive if the uptake is increased at the 20- hour scan, compared to the earlier scans (especially when 
combined with complementary bone marrow scan).
CFU, colony- forming units; EBJIS, European Bone and Joint Infection Society; EDTA, ethylenediaminetetraacetic acid; HPF, high power field; 
PMN%, percentage of polymorphonuclear neutrophils; RBC, red blood cell; WBC, white blood cell count.

McNally M, et al. The EBJIS definition of periprosthetic joint infection. Bone Joint J. 2021
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TABLE 2 Test characteristics and relative costs of several preoperative tests for diagnosis of prosthetic joint infectionb

Test Joint(s) Threshold value or finding
Sensitivity
(%)

Specificity
(%) ! LR " LR

Diagnostic odds
ratio Cost Description (reference)

Peripheral blood
WBC Hip and knee 11,000 # 109 cells/litera 45 87 3.5 0.6 5.5 $ MA of 1,796 patients in 15 studies (253)
CRP Hip and knee 10 mg/litera 88 74 3.4 0.2 20.9 $ MA of 3,225 patients in 23 studies (253)
ESR Hip and knee 30 mm/ha 75 70 2.5 0.4 7.0 $ MA of 3,370 patients in 25 studies (253)
IL-6 Hip and knee 10 pg/mla 97 91 10.8 0.0 326.9 $ MA of 432 patients in 3 studies (253)
Procalcitonin Hip and knee 0.3 ng/ml 33 98 16.5 0.7 24.1 $ Single study with 78 patients (262)

Imaging
Plain radiograph Hip Lucency or periosteal new bone formation 75 28 1.0 0.9 1.2 $ Single study with 65 patients (264)
Triple-phase bone scan Late hip Increased uptake in all 3 phases 88 90 8.8 0.1 66.0 $$$ Single study with 46 patients (268)
Bone scan/labeled leukocyte scan Late hip and knee Incongruent images 64 70 2.1 0.5 4.1 $$$ Single study with 166 patients (270)
FDG-PET scan Hip and knee Various 82.1 86.6 6.1 0.2 29.6 $$$$$ MA of 11 studies with 635 patients (272)

Synovial fluid analysis
Cell count Knee 1,100 cells/$l 90.7 88.1 7.6 0.1 72.2 $$ Single study with 429 patients (273)
Neutrophil percentage Knee 64% 95.0 94.7 17.9 0.1 339.5 $$ Single study with 429 patients (273)
Cell count Hip 4,200 cells/$l 84.0 93.0 12.0 0.2 69.8 $$ Single study with 201 patients (276)
Neutrophil percentage Hip 80% 84.0 82.0 4.7 0.2 23.9 $$ Single study with 201 patients (276)
Cell count Knee (%6 wk after implantation) 27,800 cells/$l 84.0 99.0 84.0 0.2 519.7 $$ Single study with 146 patients (257)
Neutrophil percentage Knee (%6 wk after implantation) 89% 84.0 69.0 2.7 0.2 11.7 $$ Single study with 146 patients (257)
Culture Hip and knee 72.0 95.0 14.4 0.3 48.9 $$ MA of 34 studies with 3,332 patients (293)

a Median threshold for studies included in the meta-analysis.
b WBC, white blood cell count; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; ! LR, positive likelihood ratio; " LR, negative likelihood ratio; MA, meta-analysis.
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TESTS PRÉOPÉRATOIRES





TEST SYNOVASURETM

¡ Test qualitatif – immunochromatographie

¡ Réalisable au bloc ou en consultation sur liquide articulaire sans prétraitement



IDENTIFICATION MICROBIOLOGIQUE = ESSENTIELLE

¡ Car 
• Traitement prolongé avec forte dose ATB/parfois IV

• Chez sujets âgés

• Taux d’effets indésirables

¡ Fait partie du diagnostic (infection chronique)



FENÊTRE ANTIBIOTIQUE AVANT BIOPSIE OSSEUSE 
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pénicilline
céfalotine
netilmycine
clindamycine
ciprofloxacine
rifampicine 
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CE QU’ON VEUT ÉVITER

tients with hip or knee arthroplasty infection are collectively pre-
sented in Table 1 (24, 26, 57, 79, 93–102). These studies represent
a spectrum of surgical strategies, countries, and time points.
Gram-positive cocci are involved in the majority of hip and knee

PJIs in all of the studies examined. This is driven largely by infec-
tion with S. aureus and coagulase-negative staphylococci, which
contribute to between 50 and 60% of PJIs, while streptococci and
enterococci together account for only approximately 10% of
cases. The proportions of PJIs caused by S. aureus and coagulase-
negative Staphylococcus species appear to be relatively equal when
these studies are evaluated in aggregate but vary in certain situa-
tions, as detailed below. Aerobic Gram-negative bacilli are in-
volved in !10% of cases of knee and hip PJI. This has implications
for the perioperative antimicrobial management of these patients.
The proportion of culture-negative infections is higher than that
reported in previous reviews of the literature, in which 6% of hip
and knee PJIs were culture negative (57). In the studies included,
the percentage varied from 5 to 34% (96, 101). This wide variation
is likely related to a number of factors that differed between the
studies, including the use of preoperative antimicrobials, the def-
inition of a positive culture result, whether a positive culture rep-
resented contamination, and the number and type of specimens
obtained for microbiological diagnosis.

Identification of the likely cause of early-onset PJI is particularly
important given that these infections are more frequently treated
with a debridement procedure where the implant is not removed.
In 637 patients with early-onset hip or knee arthroplasty infection
(defined as infection onset less than 1 or 3 months after surgery,
depending on the study), there were several notable differences in
this group compared to patients from all time periods (Table 1)
(67, 97, 98, 103–107). S. aureus and aerobic Gram-negative bacilli
together contributed to 60% of the early-onset infections. The
increased virulence of these microorganisms likely leads to the
onset of symptoms within the first several months. However, co-
agulase-negative staphylococci remain important pathogens in
this setting. The number of patients with polymicrobial infection
is also higher in this time period, possibly reflecting inoculation
with multiple microorganisms at the time of surgery or contigu-
ous spread from the surgical incision. In contrast, delayed-onset
PJI (from 3 months to 1 to 2 years after implantation) typically

FIG 2 Schematic showing a total hip arthroplasty in place, with relevant struc-
tures highlighted.

TABLE 1 Common causes of prosthetic joint infection

Infection

% of patients with prosthetic joint infection

Hip and knee

Hipc Kneec Shoulderd ElboweAll time periodsa Early infectionb

Staphylococcus aureus 27 38 13 23 18 42
Coagulase-negative Staphylococcus 27 22 30 23 41 41
Streptococcus species 8 4 6 6 4 4
Enterococcus species 3 10 2 2 3 0
Aerobic Gram-negative bacilli 9 24 7 5 10 7

Anaerobic bacteria 4 3 9 5
Propionibacterium acnes 24 1
Other anaerobes 3 0

Culture negative 14 10 7 11 15 5
Polymicrobial 15 31 14 12 16 3
Other 3
a Data aggregated from 2,435 joints (24, 26, 57, 79, 93–102).
b Data aggregated from 637 joints (67, 97, 98, 103–107).
c Data from 1,979 hip and 1,427 knee PJIs from the Mayo Clinic Prosthetic Joint Infection Database (E. F. Berbari, personal communication).
d Data aggregated from 199 shoulders (56, 110–116).
e Data aggregated from 110 elbows (13, 117–120).
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Culture-Negative Periprosthetic Joint Infection
An Update on What to Expect

Timothy L. Tan, MD, Michael M. Kheir, MD, Noam Shohat, MD, Dean D. Tan, BS, Matthew Kheir, BS,
Chilung Chen, MD, and Javad Parvizi, MD, FRCS

Investigation performed at the Rothman Institute at Thomas Jefferson University, Philadelphia, Pennsylvania

Background: Culture-negative periprosthetic joint infection (PJI) is a challenging condition to treat. The most appropriate
management of culture-negative PJI is not known, and there is immense variability in the treatment outcome of this
condition. The purpose of this study was to elucidate the characteristics, outcomes, and risk factors for failure of
treatment of culture-negative PJI.

Methods: A retrospective review of 219 patients (138 hips and 81 knees) who had undergone surgery for the treatment
of culture-negative PJI was performed utilizing a prospectively collected institutional PJI database. PJIs for which the
results of culture were unavailable were excluded. An electronic query and manual review of the medical records were
completed to obtain patient demographics, treatment, microbiology data, comorbidities, and other surgical character-
istics. Treatment failure was assessed using the Delphi consensus criteria.

Results: The prevalence of suspected culture-negative PJI was 22.0% (219 of 996), and the prevalence of culture-
negative PJI as defined by the Musculoskeletal Infection Society (MSIS) was 6.4% (44 of 688). Overall, the rate of
treatment success was 69.2% (110 of 159) in patients with >1 year of follow-up. Of the 49 culture-negative PJIs for which
treatment failed, 26 (53.1%) subsequently had positive cultures; of those 26, 10 (38.5%) were positive for methicillin-
sensitive Staphylococcus aureus. The rate of treatment success was greater (p = 0.019) for patients who had 2-stage
exchange than for those who underwent irrigation and debridement.

Conclusions: The present study demonstrates that culture-negative PJI is a relatively frequent finding with unacceptable
rates of treatment failure. Every effort should be made to isolate the infecting organism prior to surgical intervention,
including extending the incubation period for cultures, withholding antibiotics prior to obtaining culture specimens, and
possibly using newly introduced molecular techniques.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence

P eriprosthetic joint infection (PJI) remains one of the most
devastating complications of total joint arthroplasty1-3.
In particular, culture-negative PJI is a very perplexing

condition to manage for the surgeon, patient, and infectious-
disease team. In recent years, the prevalence of culture-negative
PJI has been on the rise; traditional modalities for isolation of an
infecting organism have failed in as many as 45% of patients in
some series4. This increase may be attributed to a variety of
reasons, including infection with low-virulence organisms that
require a longer incubation period, premature treatment with
antibiotics, and failure to use an enriched culture medium5,6. It
has been demonstrated that withholding therapeutic antibiotics

until specimens for culture have been obtained can help in iso-
lating an organism6,7.

The existing literature suggests that outcomes after
culture-negative PJI are similar to those after PJI with an
identifiable infecting organism or that negative cultures are
even a positive prognostic factor5,8,9. Furthermore, the most
appropriate management of culture-negative PJI is not known,
largely because of the immense variability in treatments from
both an antimicrobial and a surgical standpoint5,8,10. The pur-
pose of this study was to elucidate the characteristics and out-
comes of culture-negative PJI and to investigate the risk factors
for treatment failure.

Disclosure: No external funding was received for this study. On the Disclosure of Potential Conflicts of Interest forms, which are provided with the online
version of the article, one or more of the authors checked “yes” to indicate that the author had a relevant financial relationship in the biomedical arena
outside the submitted work and “yes” to indicate that the author had a patent and/or copyright, planned, pending, or issued, broadly relevant to this work
(http://links.lww.com/JBJSOA/A52).

Copyright! 2018 The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated. All rights reserved. This is an open-access article distributed under the terms of
the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially without permission from the journal.
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Materials and Methods

Aretrospective review of 219 patients (138 hips and 81
knees) who had undergone surgery for the treatment of

culture-negative PJI between 2000 and 2014 was performed.
These culture-negative PJIs were identified utilizing a pro-
spectively collected institutional PJI database of 996 PJIs. A
culture-negative infection was defined as one for which cul-
tures of joint aspirate and/or intraoperative tissue samples did
not isolate an organism. Patients were excluded from the study
if the results of culture of material from the site of the PJI were
unavailable; if they had 1 positive culture, a megaprosthesis,
or a subsequent PJI in the same joint; or if they had been
followed for <1 year.

An electronic query and manual review of the electronic
medical record were performed to obtain patient demo-
graphics, treatment, microbiology data, comorbidities, and
other surgical characteristics. The modified criteria of the
Musculoskeletal Infection Society (MSIS) were utilized to
further stratify the cohort on the basis of the presence of a
sinus tract, white blood-cell count and differential, culture
results, serological markers, and leukocyte esterase results11.
Cutoffs for elevated serological markers were based on the
thresholds established at the International Consensus Meet-
ing on PJI12.

All primary total knee arthroplasties that were originally
performed at our institution included antibiotic-impregnated
cement, and all total hip arthroplasties at our institution were
performed without cement. The primary total joint arthroplasty
was performed at our institution in 60.1% of the cases in the PJI
database. Intraoperative topical antibiotics or antibiotic beads
were not routinely used. During irrigation and debridement,
polyethylene exchanges were routinely performed concurrently.
If a pathogen was isolated on solid media in the microbiology
laboratory, regardless of the amount of growth, the cultures were

considered positive and the PJI was excluded from the study. It is
our generalized institutional protocol that multiple (3 to 5) tis-
sue and fluid samples are obtained during revision surgery and
are sent for aerobic and anaerobic, fungal, and acid-fast bacilli
culture using both solid media and broth. The average number
of samples for the patients in this study was 3.6 (range, 2 to 8).
Tissue samples are obtained from 3 standardized surgical sites:
the synovium, femoral medullary canal, and tibial medullary
canal (for knees) or the capsule, femoral medullary canal, and
acetabulum (for hips). Additional samples for culture are taken,
on a case-by-case basis, from areas that appear to be high-yield.
Both solid media and broth are used. A matrix-assisted laser
desorption-ionization time-of-flight mass spectrometer (GE
Healthcare) has been utilized in recent years to confirm the
identity of pathogens isolated from culture.

Treatment success was assessed with use of the Delphi
consensus criteria, which are based on (1) eradication of
infection, characterized by a healed wound without fistula,
drainage, pain, or recurrence of infection caused by the same
strain of organism; (2) no subsequent surgical intervention for
infection after reimplantation surgery; and (3) no occurrence
of PJI-related mortality13.

All statistical analyses were performed with use of R 3.1
(R Foundation for Statistical Computing) using the RMS
(regression modeling strategies) package for the logistic re-
gression. An alpha level of 0.05 was used to determine signif-
icance. Kaplan-Meier survivorship curves were generated for 1,
2, and 5-year follow-up and for the different treatments, with
treatment failure as the end point. Differences in survivorship
were assessed using the log-rank test.

Results

The prevalence of suspected culture-negative PJI was 22.0%
(219 of 996 joints) and that of MSIS-defined culture-negative

Fig. 1

Kaplan-Meier survivorship curve (with 95% CI), with survival defined as
treatment success according to the Delphi consensus criteria, for patients
who had culture-negative PJI.

Fig. 2

Kaplan-Meier survivorship curves (with 95% CIs), with survival defined as
treatment success according to the Delphi consensus criteria, for patients
managed with irrigation and debridement and thosemanaged with 2-stage
exchange.
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¡ PJI avec culture négative : 22.0%

¡ Taux d’échec 30,8% à 1 an

¡ 53,1% (26/49) secondairement une 
identification microbiologique 
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 � GENERAL ORTHOPAEDICS

Should all patients with a culture- negative 
periprosthetic joint infection be treated 
with antibiotics?
A MULTICENTRE OBSERVATIONAL STUDY

Aim
The aim of this study was to analyze the prevalence of culture- negative periprosthetic joint 
infections (PJIs) when adequate methods of culture are used, and to evaluate the outcome 
in patients who were treated with antibiotics for a culture negative PJI compared with 
those in whom antibiotics were withheld.

Methods
A multicentre observational study was undertaken in which 1,553 acute and 1,556 chron-
ic PJIs, which were diagnosed between 2013 and 2018 were retrospectively analyzed. 
Culture- negative PJIs were diagnosed according to the Muskuloskeletal Infection Society 
(MSIS), International Consensus Meeting (ICM), and European Bone and Joint Society (EB-
JIS) definitions. The primary outcome was recurrent infection, and the secondary outcome 
was removal of the prosthetic components for any indication, both during a follow- up 
period of two years.

Results
None of the acute PJIs and 70 of the chronic PJIs (4.7%) were culture-negative, A total of 
36 culture- negative PJIs (51%) were treated with antibiotics, particularly those with his-
tological signs of infection. After two years of follow- up, no recurrent infections occurred 
in patients in whom antibiotics were withheld. The requirement for the removal of the 
components for any indication during follow- up was not significantly different in those 
who received antibiotics compared with those in whom antibiotics were withheld (7.1% vs 
2.9%, p = 0.43)

Conclusion
When adequate methods of culture are used, the incidence of culture- negative PJIs is low. 
In patients with culture- negative PJI, antibiotic treatment can probably be withheld if 
there are no histological signs of infection. In all other patients, diagnostic efforts should 
be made to identify the causative microorganism by means of serology or molecular tech-
niques.

Cite this article: Bone Joint J 2022;104-B(1):xxx–xxx.

Introduction
The prevalence of culture- negative peripros-
thetic joint infections (PJIs) reported in literature 
is high; varying between 5% and 42%, with an 
average of 11%.1 Due to the recent introduction 
of more sensitive diagnostic criteria for PJI2 than 
those proposed by the Muskuloskeletal Infection 
Society (MSIS)3 and International Consensus 
Meeting (ICM),4 the number of patients diag-
nosed as having a culture- negative PJI is likely 
to increase even further as the threshold for the 

diagnosis of infection decreases. According to the 
definition of PJI by the European Bone and Joint 
Society (EBJIS), infection is confirmed if only 
one criterion for infection is positive.2 Although 
low- grade PJIs will be less likely to be missed 
according to this definition, there will be a risk 
of overdiagnosis and overtreatment, in partic-
ular when cultures remain negative, although the 
patient meets the criteria for PJI.

Although some studies have reported that 
patients who underwent revision arthroplasty due 
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culture- negative infection. From the chronic PJIs, 70  patients 
from nine centres met the criteria for culture- negative infection 
(4.7%), and were included in the study. A total of  69 met the 
criteria of culture- negative PJI according to the EBJIS defini-
tion (99%), 28 according to the MSIS definition (40%), and 18 
according to the ICM definition (26%) (Figure 2).

Most patients with a PJI were treated with revision surgery: 
one- stage revision in 27  patients (38%), two- stage revision 
in 34  (49%), and debridement in  nine (13%). All those who 
underwent debridement were  treated ≥  six weeks but <  three 
months after the index surgery.

Additional molecular testing, using either 16 s RNA 
sequencing or species- targeted polymerase chain reaction, was 

undertaken in 14  patients (20%). Three of these 14 patients 
(21%) tested positive, with Cutibacterium acnes, Streptococcus 
species, and Streptococcus dysgalactiae, respectively. All three  
had positive histology for infection and were successfully 
treated with antibiotics.In 11  patients (16%), synovial fluid 
was examined for crystals; one (9.1%) was positive. Metallosis 
was observed in histological sections from tissue biopsies in 18  
patients (26%).

A total of 36  patients (51%) with a culture- negative PJI 
were treated with antibiotics for a minimum of six weeks and 
a maximum of  six months. One patient received lifelong anti-
biotic suppressive therapy. A total of 11 patients (31%) were 
treated with a rifampin- based regimen, mostly combined with 
a fluoroquinolone as co- antibiotic. Most of those who were 
treated with monotherapy also received oral clindamycin or 
linezolid.

The choice and duration of antibiotic treatment was at the 
discretion of the treating physician and according to local 
protocol.

Table I shows the characteristics of the patients who were 
treated with antibiotics compared with those in whom antibiotics 
were withheld. Those with positive histology for infection and 
those with a culture- negative PJI according to the ICM criteria 
were more frequently treated with antibiotics. Other parameters 
associated with antibiotic treatment included an increased syno-
vial leucocyte count, a serum CRP of > 10 mg/l, and those with 
arthroplasty of the knee. Most of those treated with antibiotics 
underwent a DAIR or two- stage revision surgery. A one- stage 
revision was more often seen in the group in whom antibiotic 
treatment was withheld.

Acute PJI
(n = 1,553)

Chronic PJI
(n = 1,556)

Positive cultures
(n = 1,450)

Prior antibiotic 
treatment
(n = 88)

Insufficient amount 
of cultures

(n = 9)

Follow-up < 1 year
(n = 6)

Positive cultures
(n = 1,486)

Total inclusions
0

Total inclusions
70

Fig. 1

Flowchart inclusions. PJI, periprosthetic joint infection.
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Prevalence of culture negative periprosthetic joint infections (PJIs) 
according to the different diagnostic criteria. EBJIS, European Bone and 
Joint Infection Society; ICM, International Consensus Meeting; MSIS, 
Musculoskeletal Infection Society.
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appeared after the period of study. In addition, culture- negative 
PJIs are probably underdiagnosed when using the MSIS and 
ICM criteria in our analysis, since not all tests that make up the 
criteria were performed in our patients. Thus, the exact preva-
lence of culture- negative PJIs should be revealed in prospective 
trials using stringent systematic diagnostic protocols .

To our knowledge, we are the first, however, to report the effect 
of antibiotic treatment compared with no antibiotic treatment in 
patients with a culture- negative PJI. In a systematic review and 
meta- analysis undertaken by Reisener and Perka,13 treatment 
was successful in between 85% and 95% of culture- negative 
PJIs. Most were treated with antibiotics. They concluded that the 
outcome of culture- negative PJIs is similar, if not better, when 
compared with the treatment of culture- positive PJIs. This may 
be explained either by the low inoculum of bacteria in culture- 
negative infections, making the eradication of infection easier 
compared with culture- positive infections, or by the hypothesis 
that the culture- negative group included patients who were 
wrongly classified as infected (e.g. due to the presence of (false) 
positive criteria for infection in those with gout or other inflam-
matory conditions). The success rate of patients treated with 
antibiotics in our study was similar to that reported by Reisener 
and Perka:13 ± 95% when recurrent infection during follow- up 

was considered as failure. Since the antibiotic- treated group in 
our study included patients with a higher likelihood of infection 
(for example, those with histological signs of infection) we are 
unable to advise against antibiotic treatment in this particular 
group of patients. Our analysis also showed the importance of 
additional serology and/or molecular testing in these patients 
in an attempt to find the causative organism. In our study, only 
20% of patients received additional molecular testing, either via 
sequencing of the 16 S ribosomal region or species targeted. 
If additional testing was performed, a positive signal was only 
found in patients with postive histology for infection and, in 
addition, treatment was successful in all the patients in whom 
molecular testing identified the organism, and thus, treatment 
could be tailored. In a recently published retrospective study 
performed by Wang et al,14 culture- negative PJIs treated with 
empirical antibiotic treatment were compared with those who 
received targeted antibiotic treatment based on next genera-
tion sequencing results. Unfortunately, the sample size was too 
small to draw definitive conclusions, but two of 13 patients who 
were treated with empirical treatment required further debride-
ment, while none of 14 in the targeted group required further 
surgery for infection. Larger analyses are required to establish 
whether molecular sequencing really improves the outcome in 
these patients.

Our most interesting finding was that treatment was successful 
in allthe patients in whom antibiotics were withheld during the 
two- year follow- up period. This indicates that when less strin-
gent criteria are used for the diagnosis of infection, thus when 
the threshold for the diagnosis of infection decreases, more 
patients will be over- diagnosed. Although we cannot exclude 
the possibility that treatment will fail in these patients after two 
years, it is known that most PJIs present during the first  two 
years after surgery.15 Thus, withholding antibiotics in culture- 
negative PJIs, in particular in patients without histological signs 
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Fig. 3

Survival of culture- negative periprosthetic joint infections (PJIs) according to antibiotic treatment; the outcome of culture- negative PJIs according 
to antibiotic treatment (n = 36) versus no antibiotic treatment (n = 34). Classified into a) recurrent infection and b) removal of prosthetic components 
during a follow- up of two years. CI, confidence interval; HR, hazard ratio.

Table II. Recurrent infection during follow- up according to the different 
definitions of periprosthetic joint infection.

Definition Overall, % (n) Patients treated with 
antibiotics, % (n)

Patients not 
treated with 
antibiotics, 
% (n)

EBJIS (n = 69) 4.3 (3/69) 8.3 (3/36) 0 (0/33)

MSIS (n = 28) 3.6 (1/28) 5.9 (1/17) 0 (0/11)

ICM (n = 18) 11.1 (2/18) 15.4 (2/13) 0 (0/5)

EBJIS, European Bone and Joint Infection Society; ICM, International 
Consensus Meeting; MSIS, Musculoskeletal Infection Society.

7.1% vs 2.9%, p = 0.43
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