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Abstract. Introduction: Peri-prosthetic joint infection (PJI) is a significant complication of arthroplasty, lack-
ing a single gold standard diagnostic test. Synovial fluid white blood cell (WBC) count and polymorphonuclear
neutrophil (PMN) proportion are widely used diagnostic tools, but their optimal cutoffs remain unclear, partic-
ularly for chronic PJI. Material and methods: This systematic review and meta-analysis included 74 studies
published between 2000 and 2024. Data on diagnostic performance (sensitivity, specificity, and diagnostic odds
ratios – DORs) of WBC count and PMN proportions were analysed. Sub-group analyses and heterogeneity
assessments were performed, and optimal cutoffs for diagnostic accuracy were identified. Results: The meta-
analysis revealed a WBC count summary DOR of 58.38 (95 % CI – confidence interval: 48.48–70.32) with an
area under the curve (AUC) of the summarized receiver operating characteristic curve of 0.952. The PMN pro-
portion showed a DOR of 43.17 (95 % CI: 35.31–52.79) and an AUC of 0.941. Optimal diagnostic thresholds for
chronic PJI were WBC count ≈ 1792 cells mL−1 (sensitivity 86 %, specificity 87 %) and PMN≈ 67 % (sensitiv-
ity 89 %, specificity 86 %). No single threshold reached ≥ 95 % specificity or ≥ 95 % sensitivity: specificity was
≈ 91 % at WBC count≥ 3000 cells mL−1 and≈ 90 % at PMN≥ 75 %, and sensitivity was≈ 88 %–90 % at WBC
count ≤ 1500 cells mL−1 and PMN ≤ 65 %. Confounding conditions such as fractures, inflammatory arthritis,
and metal-related reactions reduced test accuracy. Conclusions: Synovial fluid analysis remains a critical diag-
nostic tool for chronic PJI. Lower thresholds (WBC count> 1500 cells mL−1; PMN> 65 %) are most useful for
raising suspicion of infection and upper thresholds (WBC count >3000 cells mL−1; PMN > 75 %) for support-
ing it, although as single markers neither reaches the ≥ 95 % specificity. A standardized diagnostic framework is
essential for addressing remaining controversies and ensuring consistent interpretation across clinical settings.
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1 Introduction

Peri-prosthetic joint infection (PJI) is a potentially dismal
complication of total joint arthroplasty. As the expected num-
ber of arthroplasties is rising worldwide, so, too, is the bur-
den of the small but consistent infection rate (Premkumar et
al., 2021; Rupp et al., 2020). In fact, infection is a leading
cause of total joint replacement failure, and it is critical to
accurately diagnose it, as failure to do so will hamper treat-
ment success (Sousa et al., 2023). Still, there is no available
gold standard diagnostic test on its own. The definition of
PJI thus relies on the combined interpretation of multiple dif-
ferent tests (Osmon et al., 2013; Parvizi and Gehrke, 2014;
Shohat et al., 2019; Sousa et al., 2023; Workgroup Convened
by the Musculoskeletal Infection Society, 2011).

Synovial fluid differential white blood cell (WBC) count
is a widely available and rather inexpensive test that has long
been recognized as a critical part of the preoperative workup
before revision arthroplasty. Its accuracy for the diagnosis
of PJI in the setting of chronically painful joints has been
studied extensively and gives consistently good results.

There are, nevertheless, open questions. First, different
proposed cutoffs exist due to variations in PJI definitions
and joint-specific studies. Second, conditions such as peri-
prosthetic fractures, inflammatory arthritis, crystal arthropa-
thy, or metal-ion-related tissue reactions can elevate WBC
counts irrespective of infection, affecting accuracy. Third, the
role of differential WBC count in acute postoperative PJI re-
mains less clear due to post-surgical inflammation.

This systematic review aimed to (1) determine the overall
diagnostic accuracy of synovial WBC counts and polymor-
phonuclear neutrophil (PMN) proportions for chronic PJI,
(2) establish optimal interpretation cutoffs, and (3) evaluate
test performances under confounding conditions.

2 Material and methods

This systematic review adheres to PRISMA of Diagnos-
tic Test Accuracy Studies (PRISMA-DTA) (McInnes et al.,
2018).

2.1 Search strategy

A computer-aided search on MEDLINE and EMBASE (1
January 2000–1 February 2024) identified studies evaluating
synovial WBC count and PMN proportion for PJI diagnosis.
Reference lists of included articles were also reviewed. The
search strategy combined terms related to arthroplasty infec-
tion, synovial fluid diagnosis, and diagnostic accuracy (see
Table S1 in the Supplement).

2.2 Inclusion and exclusion criteria

Studies were included if they evaluated synovial fluid WBC
count and/or PMN proportion in suspected PJI cases, pro-
vided diagnostic performance data, were conducted on hu-
mans≥ 18 years old, and were published in English between
2000 and 2024. Only studies reporting results on chronic PJI
were included. We excluded studies on infections unrelated
to PJI, case reports, animal studies, and reviews.

Duplicates were removed using Mendeley. Screening was
performed with Rayyan software by two independent review-
ers per article, first by title or abstract and then by full text.
Disagreements were resolved by consensus. The study selec-
tion process is shown in Fig. 1 (Page et al., 2021).

2.3 Data extraction

Data were extracted in duplicate, resolving discrepancies by
consensus. Collected data included study characteristics, di-
agnostic criteria, infection type, patient characteristics (e.g.
inflammatory diseases, fractures, metallosis, or inflammatory
arthritis), WBC count and PMN cutoffs, sensitivity, speci-
ficity, predictive values, area under the curve (AUC), accu-
racy, and Youden index. True positive, true negative, false
positive, and false negative values were calculated.

2.4 Risk of bias and quality assessment

Two independent investigators per article assessed the risk
of bias and applicability of each included study by us-
ing the Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS-2) (Whiting et al., 2011) tool, with ratings of
“low”, “high”, or “unclear”. Discrepancies were resolved by
consensus.

Quality was assessed by two independent investigators per
article with the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) tool (Schünemann
et al., 2023). This tool is used to evaluate the quality of the
evidence and the strength of the recommendations. Studies
were classified as “high (A)”, “moderate (B)”, “low (C)”, or
“very low (D)” quality.

2.5 Information synthesis and statistical analysis

With the information extracted, we calculated the diagnos-
tic odds ratio (DOR) for every study. Although sensitivity
and specificity are commonly used in diagnostic test research
due to their clinical relevance, these metrics can introduce
a threshold effect when multiple studies are compared. Al-
though the DOR has limited direct clinical application, it is
particularly useful in systematic reviews of diagnostic accu-
racy because it reflects the overall effectiveness of a diagnos-
tic test (Arias and Molina, 2015; De Sousa et al., 2009). We
used DORs along with 95 % confidence intervals (CIs) and
summarized receiver operating characteristic (sROC) curves
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Figure 1. PRISMA flow diagram.

as part of the meta-analysis (De Sousa et al., 2009). The anal-
yses were conducted by using a random-effects model and
the DerSimonian–Laird approach. In addition, a sub-group
analysis was performed based on the joint involved (hip or
knee).

Heterogeneity in the reported sensitivities and specifici-
ties was assessed by using Higgins’ I 2 statistic. All statisti-
cal analyses were performed with Jamovi (version 2.2.5) and
Meta-disc (versions 1–4).

2.6 Cutoff determination

To determine interpretation cutoff values, we used only those
articles that calculated their own ideal cutoff based on their
data and excluded all papers that used pre-determined cut-
offs. We excluded from this analysis studies that focused on
patients with confounding circumstances such as fractures or
dislocation, inflammatory arthritis, crystal arthropathy, or ad-
verse local tissue reactions due to metal ions.

We used three different data interpretation strategies: (1)
the “optimal” cutoff based on the best combination of speci-
ficity and sensitivity, (2) a “rule-in” cutoff that focused on op-
timizing specificity, and (3) a “rule-out” cutoff that focused
on optimizing sensitivity.

We used the Youden index and extracted cutoffs. The
optimal cutoff was determined determined as the Youden-
optimal point of a multiple-threshold model (diagmeta) fitted
across all reported cut-offs. We obtained the operating points
for the combined total knee arthroplasty (TKA) and total hip
arthroplasty (THA). Per-joint operating points were not sep-
arately re-modelled.

To describe rule-in/rule-out behaviour, specificity and sen-
sitivity at higher and lower cut-offs were read from the same
model across the full range of cut-offs.

We performed a post hoc sub-analysis by sub-dividing
groups between the modern or more sensitive PJI defini-
tion criteria (International Consensus Meeting ICM, Euro-
pean Bone and Joint Infection Society EBJIS, and Infectious
Disease Society of America IDSA) and the old PJI definition
criteria (Musculoskeletal Infection Society MSIS and clinical
outcome) to analyse the sensitivity and specificity cutoff val-
ues of these two groups. Information concerning other joints
(e.g. shoulders, elbows, hemi-hips, uni-knees, or ankles) was
too scarce to merit meaningful calculations.

https://doi.org/10.5194/jbji-11-687-2026 J. Bone Joint Infect., 11, 687–704, 2026
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3 Results

3.1 Search results

The search identified 1685 records. After removing dupli-
cates, 1318 studies underwent title and abstract screening.
Of 170 full-text studies assessed, 96 were excluded for rea-
sons such as wrong study type (9), incorrect population (7),
unspecified reference standard (9), different index test (56),
or lack of chronic PJI separation (18). Five additional stud-
ies were identified through bibliography review, yielding 74
included studies (Fig. 1).

3.2 Risk of bias and quality assessment

Results from QUADAS-2 (Whiting et al., 2011) are pre-
sented in Fig. 2. Most studies had a high risk of bias but good
applicability, largely due to retrospective study designs. Pa-
tient selection was unclear in more than 10 studies, while
index test and reference standard issues were found in more
than 20 studies.

GRADE assessment classified 13 studies (17.6 %) as B, 43
(58.1 %) as C, and 18 (24.3 %) as D (Fig. 2). Because of the
retrospective nature of the majority of the papers, more than
50 % of the studies included were classified as GRADE C.

3.3 Characteristics of the studies

We included 74 studies (Table 1). The publication years
ranged from 2003 to 2024, the year with the highest pub-
lication rate being 2023 with 13 papers. Twenty-six papers
were prospective cohorts (35.1 %) and 48 were retrospective
cohorts (64.9 %), covering 18 960 patients (19 to 4462). Pa-
pers used different PJI reference standards: 14 used clinical
definitions (18.9 %), 3 the IDSA 2013 definition (4.1 %), 35
the MSIS 2013 definition (47.3 %), 17 the ICM 2018 defi-
nition (23 %), and 4 the EBJIS 2021 definition (5.4 %). One
paper combined MSIS 2013 and ICM 2018.

We extracted 135 different cutoffs for synovial WBC
count and 114 different cutoffs for synovial PMN. The dis-
tribution by joint for synovial WBC count was 63 for hips
and knees together, 28 for knees only, 31 for hips only, 4 for
shoulders only, and 7 for all four joints together. The distri-
butions by joint for synovial polymorphonuclear proportion
(PMN %) were 52, 29, 29, 2, and 4, respectively. There was
also one study that focused on unicompartmental knee re-
placements (Schwartz et al., 2012), one on hip hemiarthro-
plasties (Salimy et al., 2024), and one on total ankle replace-
ment (Thiesen et al., 2019), which provided information on
synovial WBC count and PMN % (Table 2).

Considering all papers with no sub-groupings at all, the
proposed optimal cutoffs varied widely between 700 and
19 240 cells mL−1 and between 53 % and 99 % PMN. Me-
dian values were 3000 cells mL−1 and 75.4 % PMN for all
joints and all conditions. Median values for knees, hips, and
shoulders separately were 3000 cells mL−1 and 71.5 % PMN,

Figure 2. QUADAS-2 and GRADE assessment.
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Table 2. Proposed interpretation cutoffs for joints other than TKA and THA.

WBC count PMN
(cells mL−1) (%)

Range Median Range Median

Total shoulder 700–12 200 2900 54 %–80 % 67 %
Unicompartmental knee 6200∗ 60 %∗

Hip hemiarthroplasty 2700∗ 81 %∗

Total ankle NA∗ NA∗

∗ Only one paper for this condition. TKA: total knee arthroplasty. THA: total hip arthroplasty. WBC:
white blood cell. PMN %: polymorphonuclear proportion. NA: not available.

Figure 3. sROC for WBC count and PMN % in all joints.

3000 cells mL−1 and 80 % PMN, and 2900 cells mL−1 and
67 % PMN, respectively.

3.4 Meta-analysis

WBC count showed a summary DOR of 58.38 (95 % CI:
48.48–70.32), an AUC of the sROC of 0.941 (SE: 0.0045),
and aQ index of 0.879. PMN proportion showed a summary
DOR of 43.17 (95 % CI: 35.31–52.79), an AUC of the sROC
0.932 (SE: 0.0057), and a Q index of 0.867 (Fig. 3).

The heterogeneities (I 2) of sensitivity and specificity for
WBC count were 79.5 % and 92.4 %, respectively, and for
PMN % they were 85 % and 91.4 %, respectively. DOR
heterogeneity was 77.4 % for WBC count and 77.9 % for
PMN %.

In the sub-group analysis by joint, knees presented a WBC
count summary DOR of 83.1 (95 % CI: 54.72–126.21), an
AUC of the sROC of 0.954 (SE: 0.0077), aQ index of 0.896,
a PMN proportion summary DOR of 63.29 (95 % CI: 38.62–
103.74), an AUC of the sROC of 0.942 (SE: 0.011), and a Q
index of 0.88. In hips, results showed a WBC count summary
DOR of 33.58 (95 % CI: 21.44–52.63), an AUC of the sROC

of 0.908 (SE: 0.015), a Q index of 0.84, a PMN proportion
summary DOR of 27.12 (95 % CI: 16.22–45.35), an AUC of
the sROC of 0.91 (SE: 0.019), and aQ index of 0.842 (Figs. 4
and 5).

3.5 Cutoff determination

In the chronic stage, when no confounding circumstances
were present, and excluding papers that used pre-determined
cutoffs, the suggested cutoffs varied between 1100 and
5000 cells mL−1 and 53 % and 86 % PMN. The optimal
cutoff was determined as the Youden-optimal point at
1792 cells mL−1 and 67 %.

Analysed by cut-off value with the multiple-threshold
model, specificity rose with increasing cut-off but
did not exceed approximately 91 % (WBC count, at
≥ 3000 cells mL−1) or 90 % (PMN %, at ≥ 75 %) at clini-
cally usable thresholds, and sensitivity at the lower cut-offs
(≤ 1500 cells mL−1; ≤ 65 %) did not exceed approximately
90 %; no threshold reached 95 % specificity or sensitivity
(Fig. 6 and Table 3).
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Figure 4. sROC for WBC count and PMN % in knees.

Figure 5. sROC for WBC count and PMN % in hips.

When sub-dividing groups between more sensitive PJI
definition criteria (ICM, EBJIS, and IDSA) and old PJI def-
inition criteria (MSIS and clinical outcome), we could see
that median reported cutoffs were very similar between them,
2530 and 2413 cells mL−1 for leucocyte count, and 73.3 %
and 68.5 % for PMN % respectively.

3.6 Confounding conditions

Some papers were focused on specific conditions that can
modify synovial cellularity and PMN %, the so-called con-
founding conditions. We found six different conditions: five
papers were specific to peri-prosthetic fracture associated
with PJI (Chalmers et al., 2014; van den Kieboom et al.,
2021; Lazic et al., 2022a, b; Shah et al., 2016), six papers
to inflammatory conditions (Cipriano et al., 2012; Qin et al.,

2022; Ren et al., 2022; Shohat et al., 2018; Tahta et al., 2019;
Wang et al., 2023), four papers to adverse local tissue re-
actions due to head–neck taper corrosion or metal-on-metal
bearings (Kwon et al., 2016, 2020; Theil et al., 2024; Yi et al.,
2015), one paper to immunosuppressed patients (Lazarides
et al., 2019), and one paper to antibiotic use (Salimy et al.,
2023).

The cutoff variability and medians of confounding con-
ditions are presented in Table 4. We were not able to repli-
cate our cutoff interpretation strategy due to the small sample
size, but Fig. 7 shows a rough estimate of the diagnostic ac-
curacy in each scenario.
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Figure 6. Forest plot of specificity of the WBC (A) and proportion of PMN (B) based on a linear mixed model with a random intercept for
study. Based on this model the specificity at a cutoff of 3000 cells mL−1 is 90.6 % and 88.3 % for 75 % PMN proportion.

Table 3. Summary of the proposed cutoffs.

WBC count (cells mL−1) PMN (%)

Cutoff Sensitivity (95 % CI) Specificity (95 % CI) Cutoff Sensitivity (95 % CI) Specificity (95 % CI)

Optimal (Youden) 1.792 0.86 (0.80–0.91) 0.87 (0.82–0.91) 70 % 0.89 (0.84-0.93) 0.86 (0.8-0.91)
1500 0.88 (0.81–0.92) 0.86 (0.80–0.90) 65 % 0.90 (0.85–0.94) 0.85 (0.79–0.90)
3000 0.82 (0.74–0.87) 0.91 (0.87–0.94) 75 % 0.84 (0.77–0.89) 0.90 (0.86–0.93)

4 Discussion

Accurate PJI diagnosis is challenging, as there is no perfect
gold standard test. Definitive diagnosis must therefore rely
on a set of pre-determined criteria that include both preop-
erative and intraoperative findings such as microbiological
and histological results. In the past decade, several different
PJI definitions have been proposed, which have all included
synovial fluid examination (Mcnally et al., 2021; Osmon et
al., 2013; Shohat et al., 2019; Workgroup Convened by the
Musculoskeletal Infection Society, 2011). Although there is
no universally accepted algorithm for diagnosis, it is indis-
putable that joint aspiration with a differential synovial fluid
WBC count is a critical part of current diagnosis.

Our systematic review confirms its value. The DOR and
sROC results obtained in our meta-analysis demonstrated
that both tests have a high diagnostic accuracy and are pow-
erful tools for reaching PJI diagnosis. On the basis of our
results, WBC count analysis demonstrated the highest DOR
and sROC values compared with those for PMN proportion.
In addition to the high diagnostic accuracy of synovial fluid
analysis, it is both inexpensive and widely available. We be-
lieve it should therefore continue to be a critical part of any
diagnostic flowchart and definition criteria.

Still, there are a number of open questions that we were
not able to address entirely in this paper. First, the role of
synovial WBC and PMN proportion analysis in the imme-
diate postoperative period is not as well studied. After joint

replacement surgery, there is a rise in both WBC count and
PMN proportion that takes several weeks to normalize de-
spite an uneventful course (Christensen et al., 2013). We
found a number of studies that focused on acute postoper-
ative PJI, but they lacked consistency in how to define infec-
tion or even in what timing constitutes the acute period, and
therefore we chose to analyse them separately in a different
paper.

A different controversy that we were not able to clarify
completely is whether the affected joint has an effect on the
optimal threshold of the WBC count and/or PMN proportion.
The vast majority of papers we found focused on TKA and/or
THA separately or combined. We did not find significant dif-
ferences to recommend adopting different thresholds for hips
and knees. In addition, there is not enough available evidence
to recommend alternative cutoffs for joints other than TKA
and THA.

Though it is not controversial that total WBC count and
PMN proportion are highly valuable tests in the diagnostic
workup for chronic PJI, still lacking is a universal consensus
on what the ideal interpretation thresholds are. Many of the
papers that examine the performance of these tests simply
adopt previously proposed cutoffs and report on their accu-
racy in a specific cohort. Many others analyse their own pop-
ulation, adopt certain diagnostic criteria to serve as the PJI
gold standard, and offer optimal cutoffs for interpretation.
These results are influenced by variables such as population
characteristics (e.g. PJI prevalence), a PJI definition stan-
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Table 4. Summary findings of confounding conditions.

WBC count PMN
(cells mL−1) (%)

Range Median Range Median

Fracture 2707–6130 4500 73 %–80 % 79.3 %
Inflammation 1948–5208 3222 65.9 %–85.3 % 75 %
ALTRs and metal-on-metal 730–13 796 2815 63 %–94 % 82 %
Immunosuppression 1293∗

Antibiotic 2339∗ 83 %∗

∗ Only one paper for this condition. WBC: white blood cell. PMN %: polymorphonuclear proportion. ALTRs:
adverse local tissue reactions.

dard, or even different laboratory (e.g. microbiology) stan-
dards that greatly influence final results. That being said, de-
spite the wide range of proposed cutoffs, we were able to find
some consistent results.

The optimal threshold, defined as the median of proposed
cutoffs based on the best combination of specificity and sen-
sitivity, was found to be around 1792 cells mL−1 and 67 %
PMN overall. Nevertheless, we aimed to find a rule-in thresh-
old by focusing on optimizing specificity at > 95 % and
found that it was slightly higher (both for WBC count and
PMN %). We recommend the 3000 cells mL−1 (sensitivity
82 %, specificity 91 %) and 75 % PMN (sensitivity 84 %,
specificity 90 %) thresholds to support the infection diagno-
sis and definition, as these figures are easy to recall and are
compatible with both previously proposed cutoffs and results
specifically in papers that use more sensitive or modern defi-
nitions (i.e. EBJIS 2021, ICM 2018, and IDSA). On the other
hand, when one is looking to rule out PJI during the diag-
nostic workup, we recommend adopting a lower threshold
that optimizes sensitivity. Following similar principles enun-
ciated previously, we recommend that infection be suspected
and other diagnostic test(s) performed with a WBC count of
over 1500 cells mL−1 (sensitivity 88 %, specificity 86 %) and
65 % PMN (sensitivity 90 %, specificity 85 %).

Lastly, it is crucial to acknowledge that there are special
confounding circumstances that hamper the diagnostic ac-
curacy of these tests. Previous antibiotic therapy is associ-
ated with a high number of false negative results (Salimy
et al., 2023; Shahi et al., 2015; Trampuz et al., 2007). In
the chronic setting, this limitation is simple to overcome by
withholding antibiotics and repeating the joint tap at a later
stage (at least 2 weeks after antibiotic discontinuation). Other
pro-inflammatory conditions are perennial and may cause el-
evated WBC counts regardless of the presence of infection.
These circumstances may be joint- or implant-related, e.g.
associated peri-prosthetic fractures, dislocation, or metallo-
sis, or may include systemic diseases such as inflammatory
arthritis or crystal arthropathy. We found no evidence to jus-
tify adopting different condition-specific cutoffs, but infor-
mation given by the WBC count and/or PMN proportion

should be interpreted with caution, as diagnostic accuracy is
inferior in these settings.

5 Conclusion

Synovial fluid WBC count is a crucial part of any
PJI diagnostic workup and definition. In the absence of
confounding circumstances, WBC counts of < 1500 and
> 3000 cells mL−1 and proportions of PMN< 65 % and
> 75 % have a good negative predictive value at the lower
thresholds and, at the upper thresholds, support the diagno-
sis. A uniform PJI diagnostic standard is required to facili-
tate studies able to address persistently open questions, such
as the true optimal interpretation thresholds or the need for
joint-specific or even condition-specific cutoffs.
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Figure 7. Sensitivity and specificity for special conditions.
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