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Abstract. Background: this systematic review aims to evaluate the concordance between preoperative synovial
fluid culture and intraoperative tissue cultures in patients with periprosthetic joint infection (PJI) undergoing to-
tal hip (THA) or knee arthroplasty (TKA) revision surgery. Methods: this review was conducted in accordance
with the preferred reporting items for a systematic review and meta-analysis of diagnostic test accuracy studies
(PRISMA-DTA) statement. Cochrane, Embase, PubMed, and Web of Science databases were searched to iden-
tify studies involving patients who had THA or TKA revision surgery for PJI and for whom preoperative synovial
fluid culture and intraoperative tissue cultures were performed. Studies were only included if the diagnosis of PJI
was based on the EBJIS (the European Bone and Joint Infection Society) or MSIS (Musculoskeletal Infection
Society) criteria. Risk of bias was assessed using an amended version of Joanna Briggs Institute’s (JBI) critical
appraisal checklist for case series. Results: seven studies were included in this review comprising 1677 patients.
All studies had a retrospective study design and five studies explored patients undergoing revision surgery of
THA or TKA. Concordance rates varied between 52 % and 79 %, but different authors defined and calculated
concordance differently. Six studies were judged as having an unclear to high risk of bias and one study as hav-
ing a low risk of bias. Conclusions: the included studies showed a wide range of concordance rates between
preoperative synovial fluid culture and intraoperative tissue cultures and the majority of studies had a high risk
of bias. Higher-quality studies are warranted to obtain a more accurate estimate of this concordance rate. We
recommend continuing the use of a system such as the EBJIS definition or MSIS criteria when diagnosing PJI.

1 Introduction

While the incidence of periprosthetic joint infection (PJI)
is increasing worldwide, diagnosing PJI remains challeng-
ing because there is no robust single diagnostic test for PJI
(Ahmad et al., 2016; Fernández-Sampedro et al., 2017). To
date, the validated, evidence-based 2018 International Con-
sensus Meeting (ICM) modified Musculoskeletal Infection
Society (MSIS) definition has been commonly used to di-
agnose PJI (Parvizi et al., 2018). The European Bone and
Joint Infection Society (EBJIS) has recently recommended a

novel definition set and guidance for PJI which has been sup-
ported by the MSIS and the European Society of Clinical Mi-
crobiology and Infectious Diseases (ESCMID) Study Group
for Implant-Associated Infections (ESGIAI) (McNally et al.,
2021). The diagnosis of PJI is based on a combination of
clinical findings, laboratory results from peripheral blood
and synovial fluid, microbiological culture, histological eval-
uation of periprosthetic tissue, and intraoperative findings.
Within the EBJIS criteria, the intraoperatively collected tis-
sue cultures remain the cornerstone in the diagnosis of PJI
because these have superior diagnostic sensitivity (65 %–
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94 %) (Atkins et al., 1998; Spangehl et al., 1999; Pandey et
al., 2000; Kheir et al., 2018) compared to the preoperative
synovial fluid cultures (45 %–75 %) (Tande and Patel, 2014;
Trampuz et al., 2004). As such, the latter are merely recog-
nized as a supportive modality (Osmon et al., 2013).

However, in daily clinical practice, treatment strategies of-
ten depend on the preoperative synovial fluid simply because
the final results of the intraoperative collected tissue cultures
are available only multiple days after surgery. This approach
is not a problem if the bacteria found intraoperatively are
concordant with those found preoperatively. However, in the
case of discordance between preoperative and intraoperative
culture results, the antibiotic treatment initiated after preop-
erative synovial fluid analysis may not always be appropriate.
For example, previous studies (Wouthuyzen-Bakker et al.,
2019; Lora-Tamayo et al., 2013; Vilchez et al., 2011) have
shown that patients who were diagnosed with PJI caused by
Staphylococcus aureus, and subsequently treated using a de-
bridement, antibiotics, and implant retention (DAIR) proce-
dure, tended to have worse postoperative outcomes in terms
of prosthesis failure compared to patients who had a DAIR
following PJI caused by Streptococci. In cases of infection
with S. aureus, an orthopedic surgeon might prefer to per-
form revision surgery instead of a DAIR. This example of the
management of acute PJI shows that a lack of concordance
between the preoperative synovial fluid culture and intraop-
erative tissue cultures can lead to suboptimal treatment and
may cause the patient harm and/or unnecessary treatment de-
lay. The same may be true for patients with a chronic PJI who
are being treated with revision surgery. To date, some stud-
ies which have analyzed the concordance in results between
preoperative aspiration and intraoperative synovial fluid cul-
tures reported a wide range of 52 % to 78 % (Holleyman et
al., 2016; Matter-Parrat et al., 2017; Declercq et al., 2020; Li
et al., 2021; Boyle et al., 2021; Schulz et al., 2021).

To our knowledge, no systematic review has been con-
ducted in this area previously. To be able to better guide the
orthopedic surgeons’ decisions regarding the treatment of pa-
tients with PJI, we set out to evaluate the concordance of
preoperative synovial fluid culture and intraoperative tissue
cultures in patients undergoing revision surgery of their total
hip (THA) or knee arthroplasty (TKA).

2 Materials and methods

Prior to data extraction, the protocol for this review was
registered in the prospective register of systematic reviews
(PROSPERO; registration number CRD42022302223). The
review was conducted according to the Preferred reporting
items for a systematic review and meta-analysis of diagnostic
test accuracy studies (PRISMA-DTA) guidelines (McInnes
et al., 2018).

2.1 Criteria for considering studies for this review

We considered all studies that assessed patients with estab-
lished PJI who were planned for one-stage or two-stage revi-
sion surgery of their THA or TKA, and for whom both pre-
operative synovial fluid cultures and intraoperative tissue cul-
tures were performed. These studies were required to report
on the concordance of the microbiology results between syn-
ovial fluid and tissue cultures in terms of percentage agree-
ment, agreement in the types of bacteria found, or both. All
studies and case reports published in the English, Dutch, or
German language with their full-texts available were consid-
ered. We excluded studies that performed the preoperative
aspiration after the first surgical intervention of a two-stage
revision procedure or if less than two tissue cultures were
collected intraoperatively.

2.2 Search methods for identification of studies

First, one review author (Thomas J. A. van Schaik) devel-
oped a search strategy (Table S1) which was used to system-
atically conduct a search in the Cochrane, Embase, PubMed,
and Web of Science bibliographic databases from inception
up to 1 February 2022. Together with a second review au-
thor (Lex D. de Jong), all titles and abstracts of all iden-
tified records were independently screened using the web-
based systematic reviewing platform Rayyan (Ouzzani et al.,
2016). Studies deemed eligible for inclusion, as well as stud-
ies where authors were unsure or disagreed about eligibility,
were retrieved full-text for further review.

2.3 Critical appraisal of studies

Risk of bias of the included studies was assessed using
Joanna Briggs Institute’s (JBI’s) critical appraisal checklist
for case series (Joanna Briggs Institute, 2017). This tool is
suitable for critical appraisal of studies lacking a control
group and studying patients with a certain disease (in our
case PJI) or disease-related outcome (in our case preopera-
tive synovial fluid cultures and intraoperative tissue cultures).
An amended version of this critical appraisal checklist was
composed using tailored judgment criteria that better suited
the context of this review (Table S2), and was first pretested
independently by two review authors using two of the iden-
tified studies. Subsequently, some items were refined further
for clarity. For example, to judge whether valid methods were
used for identification of PJI for all patients included in a
study (Table S2, item 3), we required the diagnosis to be
based on the EBJIS or MSIS criteria. We also only consid-
ered a description of clinical patient characteristics as fully
sufficient if information regarding “antibiotic use” and the
“time between preoperative and intraoperative culture” (Ta-
ble S2, item 7) was present because these characteristics were
deemed to potentially have an influence on the microbiolog-
ical test results. Using this checklist, the two review authors
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independently judged the overall risk of bias of each individ-
ual study based on the overall number of risk of bias item
scores. Disagreements in scoring were resolved by discus-
sion until consensus was reached, and remaining disagree-
ments were resolved by a discussion with a third and a fourth
reviewer (Maurits P. A. van Meer, Matthijs P. Somford).

2.4 Source of funding

The authors received no financial support for this study.

3 Results

3.1 Results of the search

After removal of duplicates from the search results, 1129 ti-
tles and abstracts were screened. Of these, 52 were retrieved
full-text to be assessed for eligibility. The majority of the in-
eligible studies were excluded because the concordance rate
was not reported. Because no response was received upon a
request to provide additional data from any of the latter pa-
pers’ authors, these studies were also excluded . Ultimately,
seven records, comprising 1677 patients, were eligible for in-
clusion (Fig. 1).

3.2 Study characteristics

All included studies had a retrospective study design, of
which five (71 %) explored patients undergoing revision
surgery of both THA and TKA. One study reported on pa-
tients with THA revision surgery only and one on patients
with TKA revision surgery only. There was a slight predom-
inance of patients with a THA (53 %) compared to a TKA
(47 %). Two studies reported the time interval between the
preoperative aspiration and revision surgery, averaging 15 d
(Boyle et al., 2021) and 77 d (Declercq et al., 2020), respec-
tively. Two studies reported on the antibiotic administration
prior to aspiration (0 %, Declercq et al., 2020, vs. 4 %, Schulz
et al., 2021) and three (Boyle et al., 2021; Declercq et al.,
2020; Schulz et al., 2021) reported that a percentage of pa-
tients received antibiotics preoperatively, which ranged be-
tween 12 % and 21 %.

Characteristics and a summary of results of the seven in-
cluded are presented in Table 1. An overview of the concor-
dance rates of the causative micro-organisms can be found in
Table 2.

3.3 Risk of bias of the included studies

The summary of the risk of bias assessments for each of the
seven included studies are shown in Fig. 2. Six studies (Boyle
et al., 2021; Christensen et al., 2022; Lindberg-Larsen et al.,
2017; Rockov et al., 2020; Schulz et al., 2021; Shanmuga-
sundaram et al., 2014) were judged as having an unclear to
high risk of bias and one (Declercq et al., 2020) as having
a low risk of bias. Figure 3 shows that the items relating to

reporting of the participants’ eligibility criteria and the par-
ticipants’ demographics were judged as having a low risk of
bias. None of the included studies were judged as having a
low risk of bias from missing outcome data and in selection
of the study site(s)/clinic(s). Also, the majority of included
studies were judged as having an unclear to high risk of bias
in the reliable or valid diagnosis of PJI, or because of poor or
inadequate reporting of the participants’ clinical information.
There was also a high risk of bias in selecting participants
into the study.

4 Discussion

This review has identified and critically appraised the results
of seven studies reporting on the concordance between pre-
operative synovial fluid cultures and intraoperative tissue cul-
tures in over 1600 patients with PJI who were planned for
knee or hip revision arthroplasty. Depending on how con-
cordance was defined by the authors of the included stud-
ies, concordance rates varied between 45 % and 79 %. These
rates were mainly produced by studies with an unclear to
high risk of bias, which seriously hinders generalizability of
the results. Only four studies (n = 724) (Boyle et al., 2021;
Christensen et al., 2022; Declercq et al., 2020; Schulz et al.,
2021) analyzed the concordance between the types of PJI-
causing micro-organisms, which was considered too limited
to draw any useful conclusions.

All studies included in this review had a retrospective de-
sign. Because this design carries the risk of selection bias,
evidence should ideally be based on level 1–2 studies. How-
ever, we found no such studies and as a consequence, it is dif-
ficult to generalize conclusions from this review to the overall
population. Also, the included studies suffered from incom-
plete reporting of relevant medical data, and some studies
did not report on the time interval between aspiration and
surgery and whether patients received antibiotics before the
aspiration or revision surgery. These several shortcomings
highlight that there is currently no consensus about how the
concordance between preoperative synovial fluid culture and
intraoperative tissue cultures should be properly evaluated.
Another clear example of this lack of consensus relates to
how concordance rates were defined and subsequently calcu-
lated in the seven studies. In some, concordance was calcu-
lated based on the positive preoperative and positive intraop-
erative cultures only, whereas in others positive preoperative
and positive intraoperative cultures as well as negative pre-
operative and negative intraoperative cultures were included
in the calculations. In addition, Rockov et al. (2020) and
Shanmugasundaram et al. (2014) did not define their concor-
dance rates and this makes an overall comparison across all
included studies challenging. We recommend that the con-
cordance rate should include both the positive and negative
concordant cultures. In the seven included studies, the high-
est concordance rate reported was 79 %. Boyle et al. (2021)
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Figure 1. PRISMA flow diagram of literature search and screening process.

specifically excluded cases with negative preoperative syn-
ovial fluid cultures and this may have led to overestimation
of the concordance rate when compared to authors who in-
cluded these.

In daily clinical practice, a concordance rate of 78 % be-
tween preoperative synovial fluid culture and intraoperative
tissue cultures means that in about 1 in 3 to 4 cases, the re-
sults of the intraoperative tissue cultures do not match with
the earlier results of the preoperative synovial fluid culture.
So, when using the preoperative synovial culture as a single
test to distinguish between septic or aseptic implant failure,
1 in 3 to 4 cases may be misdiagnosed and subsequently be
under- or over-treated. To diagnose PJI, current guidelines
recommend the use of preoperative synovial fluid aspiration
culture combined with leukocyte count and percentage of

polymorphonuclear neutrophils (Oliva et al., 2021; Signore
et al., 2019; American Academy of Orthopaedic Surgeons
(AAOS), 2019). The results of our review suggest that a clin-
ician cannot confidently establish a postoperative treatment
strategy based on the preoperative cultures alone. However,
two studies suggest an exception when Gram-positive bacte-
ria are found in the preoperative culture. This is illustrated by
the reported concordance rates, showing that preoperative as-
piration had a favorable concordance rate for Gram-positive
bacteria – with the exception of Cutibacterium acnes – of
97 % (n = 363) (Boyle et al., 2021) and 100 % (n = 85) (De-
clercq et al., 2020) (Table 2). However, the concordance rates
of the Gram-positive bacteria reported by two other studies
(Christensen et al., 2022; Schulz et al., 2021) do not support
this assumption. This needs to be confirmed using higher-
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Table 2. Concordance rates of specific causative micro-organisms.

Causative micro-organisms Boyle et al. Christensen Declerq Schulz
(2021) et al. (2022) (2020) (2021)

G
ra

m
-p

os
iti

ve
ba

ct
er

ia Staphylococcus aureusa 98 % (81/83) 71 % (17/24) – 82 % (28/34)
Coagulase-negative Staphylococci 94 % (17/18) 38 % (3/8) – 35 % (19/55)
Streptococci 100 % (54/54) 67 % (4/6) – 76 % (16/21)
Enterococci 94 % (17/18) – – 64 % (7/11)
Cutibacterium acnes 69 % (9/13) 0 % (0/1) – 0 % (0/1)
Corynebacterium species – – – 0 % (0/1)
Other 92 % (12/13) 0 % (0/1) – –
Unknown – – 100 %b –

O
th

er
s Gram-negatives 95 % (19/20) 57 % (4/7) – 56 % (9/16)

Anaerobes – – – 75 % (6/8)c

Fungi 100 % (2/2) 50 % (1/2) – 33 % (1/3)
Polymicrobial 6 % (2/33) 0 % (0/1) – 6 % (1/17)

a This includes methicillin-resistant (MRSA) and methicillin-sensitive Staphylococcus aureus (MSSA). b Authors of this study did not
explain how this percentage has been calculated, but only stated the following in their paper: “Our findings demonstrated that when
translating the preoperative joint aspiration culture results to their corresponding Gram/fungi level, the preoperative joint aspiration
culture yielding exclusively Gram-positive microorganisms, predicted Gram-positive causative pathogens in 100 % of cases.” c The
authors stated that this group included the following: “Cutibacterium acnes (n = 4), Peptostreptococcus micros (n = 2), Bacteroides
fragilis (n = 1), Clostridium perfringens (n = 1), Cutibacterium avidum (n = 1), and Parvimonas micra (n = 1).”

Figure 2. Risk of bias summary: review authors’ judgments about
risk of bias items for each included study; – = high risk of bias;
? = unclear risk of bias; + = low risk of bias.

quality studies, before the postoperative antibiotic regime
could be narrowed when encountering Gram-positive bacte-
ria in the preoperative aspiration culture.

Although the time between aspiration and surgery could
potentially have an influence on concordance rates, explor-
ing this association was not deemed worthwhile because only
two studies (Boyle et al., 2021; Declercq et al., 2020) re-

ported this time interval, which varied between a mean of 15
(n = 363) and a median of 77 (n = 85) d and concordance
rates of 76.6 % and 63.5 %, respectively. Similarly, the use of
antibiotics prior to aspiration and surgery was only reported
in three studies (Boyle et al., 2021; Declercq et al., 2020;
Schulz et al., 2021), leaving too little data for a proper anal-
ysis.

4.1 Risk of bias of the included studies

An important finding of this review was that the majority of
the included studies were judged as having an unclear to high
risk of bias. Studies were especially judged poorly on the
items regarding the reporting of outcomes or follow-up re-
sults, study site selection, and the reliable and valid diagnosis
of PJI. Especially the latter is disconcerting because in the
past decade the use of MSIS and EBJIS diagnostic criteria
have been endorsed to better assist clinicians in diagnosing
PJI (Parvizi et al., 2018; McNally et al., 2021). In fact, multi-
ple studies had to be excluded from this review because less
than two intraoperative tissue cultures were obtained, even
while the MSIS criteria published in 2011 already recom-
mended that the diagnosis of PJI should only be established
based on a minimum of two positive cultures (Parvizi et al.,
2011). Overall, we only judged one (Declercq et al., 2020) of
the seven studies as having a low risk of bias. This particular
study reported a concordance rate of 68 %.

4.2 Limitations

This systematic review has two major limitations. First, we
felt it was not appropriate to perform a meta-analysis because
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Figure 3. Risk of bias graph: review authors’ judgments about risk of bias items, presented as percentages across the seven studies appraised
with JBI’s critical appraisal checklist for case series. JBI: Joanna Briggs Institute; PJI: periprosthetic joint infection.

the majority of the included studies were of unclear to high-
risk bias, which could have led to misleading results (Hig-
gins et al., 2022). Second, we adapted JBI’s critical appraisal
checklist for case series to better suit the context of our re-
view, but our adaptation was not assessed for inter-rater re-
liability nor validated beforehand. Regarding the latter, we
purposely selected antibiotic use and the time between pre-
operative and intraoperative culture as two pieces of key clin-
ical information that would need to be reported to properly
judge their influence on the studies overall risk of bias. How-
ever, clinical information such as the patients’ American So-
ciety of Anesthesiologists (ASA) classification or Charlson
comorbidity index (CCI), body mass index (BMI), presence
of inflammatory disease or diabetes, tobacco use, and the use
of immunosuppressive medication may also be more or less
important in this regard, so our choice of selecting and judg-
ing only two variables could be criticized.

4.3 Recommendations for clinical practice and future
research

Based on the results of this systematic review, it is chal-
lenging to draw firm conclusions and make useful clinical
practice recommendations for postoperative antibiotic ther-
apy based on the preoperative synovial fluid culture. As long
as there is no diagnostic test with high accuracy that can con-
firm the absence or presence of PJI pre- and intraoperatively,
we recommend to adhere to the current practice guidelines.
These guidelines recommend an empiric antibiotic regime as
the standard for postoperative antibiotic treatment until the
results of the intraoperative tissue cultures are known. Fu-
ture prospective studies are needed, with attention to ade-

quate participant selection by using the internationally rec-
ommended diagnostic criteria to establish PJI, detailed re-
porting of clinical information, relevant risk factors and out-
comes, and a more detailed profile of the causative micro-
organisms, such as the type and resistance profile, to deter-
mine a more precise estimate of the concordance rate be-
tween preoperative synovial fluid culture and intraoperative
tissue cultures and the infection-causing micro-organisms in
patients undergoing revision surgery of their THA or TKA.

5 Conclusions

The results of this systematic review show a wide range of
reported concordance rates between preoperative synovial
fluid culture and intraoperative tissue cultures and a high risk
of bias in the studies reporting on these concordance rates.
Higher-quality studies are warranted to obtain a better es-
timate of these concordance rates. Because the concordance
between aspiration and tissue cultures has not yet been estab-
lished, we do not recommend relying solely on the aspiration
culture as a diagnostic tool for PJI. Instead, we recommend
continuing the use of a system such as the EBJIS definition
or MSIS criteria when diagnosing PJI.
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