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Background: Prompt diagnosis of periprosthetic joint infections (PJIs) is crucial for providing optimal care. Currently,
there are no gold-standard tests available. An ideal test would be simple to implement, cost-effective, and readily
available. We aimed to determine the best single or combined serological or synovial markers for diagnosing PJIs.

Methods: There were 177 of 313 patients who had PJIs between April 2012 and March 2023 and a control group of 60
patients who were included in this retrospective review. The PJIs were diagnosed using Musculoskeletal Infection Society
(MSIS) and European Bone and Joint Infection Society (EBJIS) criteria. Serum (C-reactive protein [CRP], white blood-cell
[WBC] count, neutrophil-lymphocyte ratio [NLR], polymorphonuclear neutrophil percentage [PMN%]), and synovial fluid (WBC,
NLR, PMN%) parameters were compared between the 2 groups. We determined the sensitivity, specificity, area under the
curve (AUC), and cutoff values (COV) for each marker. We determined the best combination of markers to diagnose PJIs.
There was no statistical significance between the demographic data of the control and treatment groups.

Results: The S-CRP had the highest AUC of 0.912 with a COV of 16.15mg/dL (Sensitivity 79.6%, Specificity 97.8%). The
combination of tests, S-CRP, synovial fluid (SF-WBC), and S-NLR demonstrated the highest AUC of 0.946 (Sensitivity 93%,
Specificity 90.9%). The COV for SF-WBC was 5.75 cells/mL (AUC 0.803; Sensitivity 70.3%, Specificity 97.1%); S-NLR COV
was 3.659 (AUC 0.803; Sensitivity 67.3%, Specificity 88%).

Conclusion: We found the combination of S-CRP, SF-WBC, and S-NLR to be valuable in diagnosing PJI with high sensi-
tivities and specificities. It can be easily implemented by clinicians without additional cost or equipment. It is important to
use this with a thorough clinical and physical examination as well as other modalities (i.e., MSIS/EBJIS criteria).

Level of Evidence: Retrospective Comparative Study–Level III evidence. See Instructions for Authors for a complete
description of levels of evidence.

Background

Prompt and accurate diagnosis remains a challenging aspect
of PJI management. A PJI diagnostic criteria relies on clin-

ical, radiographic, and laboratory findings, which have many
limitations in terms of sensitivity and specificity4,17-20,22,23,27. Con-
troversy exist about the ultimate cutoff value (COV) with the
highest sensitivity and specificity for CRP16,24,27, synovial–white
blood cell (WBC)13,22,27, and serum–neutrophil-lymphocyte ratio
(NLR)3,10. Studies have tried to determine the ideal combination

of tests to accurately diagnose PJIs9. These combinations either
involve a large number of tests, which limits practicality, or lack
high sensitivity and specificity. Therefore, further research is
warranted to address this deficiency in the literature to accurately
and easily diagnose PJIs.

The American Academy of Orthopaedic Surgeons has
recently released recommendations regarding the diagnosis
of PJI10,32. Serum erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP), and interleukin-6 received strong
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recommendations, while the synovial fluid (SF) tests, includ-
ing CRP, polymorphonuclear neutrophil percentage (PMN%),
cultures, leukocyte esterase, and polymerase chain reaction assay
only received moderate recommendations10. Multiple newer
tests have been described for the diagnosis of PJI, including
D-dimer, calprotectin, alpha-2 macroglobulin, adenosine, and
alpha defensin; however, they have also been described to have
limitations which make them difficult to apply to clinical prac-
tice24. Therefore, there is currently no gold-standard diagnostic
test, and there is large threshold variability between a growing
number of tests5,6,12,13. An ideal test would be easily available and
currently part of the routine workup with no additional cost.

Recent literature has focused on serum and SF NLR,
proposing that inflammatory and infective processes can be
described by the ratio between neutrophils and lymphocytes
obtained from a simple complete blood count or a more invasive
SF aspiration3,14,31. This does make inherent sense seeing that
neutrophils tend to increase and lymphocytes tend to decrease
at the initial stages of infection10,12. Serum ratios in particular,
including monocyte-lymphocyte ratio, platelet/mean plate-
let volume ratio, and platelet-lymphocyte ratio, are advanta-
geous since they require no laboratory or equipment costs and
therefore are easy to implement6,13. However, there has been
conflicting evidence on its diagnostic capabilities compared
with previously established measurements such as S-PMN%
or S-WBC3,10,24,28-30.

Given the need to further clarify if serum and/or SF NLR
is a reliable PJI diagnostic marker, we conducted a retrospective
chart review to test the sensitivity and specificity of serum NLR
as a specific diagnostic marker for PJI. Second, we aimed to
determine the optimal serological and SFmarker for the diagnosis
of PJI. Our third objective was to determine if there is an optimal
combination of tests that yields the highest diagnostic value.

Patients and Methods

Following University of Saskatchewan Research Ethics Board
approval (BIO-3178, October 18, 2023), we conducted a

single-center, retrospective review of patients presenting to a ter-
tiary center with periprosthetic joint infections (PJIs) of hip and
knee between April 2012 and March 2023 as diagnosed using
Musculoskeletal Infection Society (MSIS)22 and European Bone
and Joint Infection Society criteria (EBJIS)20. PJI cases were only

included if both the MSIS and EBJIS criteria confirmed infection.
A total of 313 patients with PJIs were identified through our
Discharge Abstract Database using procedure codes. All patients
identified through the database did undergo either a debridement,
antibiotic, and implant retention procedure or a 1-stage or 2-stage
revision. A further 60 patients were identified who underwent
aseptic revisions using procedure codes.

Patients who had clinical or investigative suspicion of PJI
received serological tests and SF aspiration during the medi-
cal encounter as part of their routine workup. The serological and
synovial thresholds used to determine infection includes the fol-
lowing: S-CRP>10mg/dL, SF-WBC>3,000 cells/mL, and synovial
polymorph nuclear cells (SF-PMN) >80%20,22. All data obtained

Fig. 1

Patient inclusion and exclusion flowchart.

TABLE I Summary of the Significance Level of Differences
Between the Control Group and the Study Group, as
Well as Statistical Power of the Test*

p Power

Age 0.164 0.370

Height 0.106 0.370

Weight 0.147 0.280

BMI 0.474 0.080

SF WBC <0.001 1,000

SF Neutrophil <0.001 0.990

SF Lymphocyte 0.016 0.680

SF NLR <0.001 0.920

SF PMN 0.118 0.350

S WBC <0.001 1,000

S CRP <0.001 1,000

S Neutrophil <0.001 1,000

S Lymphocyte 0.006 0.830

S NLR <0.001 0.990

S PMN <0.001 0.990

*For each variable, Student t-test for independent group was used.
BMI = bodymass index, CRP = C-reactive protein, NLR = neutrophil-
lymphocyte ratio, PMN = polymorphonuclear, SF = synovial fluid,
and WBC = white blood cells.
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frommedical records included aWBC count, absolute neutrophil
count (ANC), and absolute lymphocyte count (ALC) from both
SF and serum. TheNLRwas calculated by dividing theANCby the
ALC30. The PMN% was calculated by dividing the ANC by the
WBC7.

There were 196 patients from the study group who were
excluded based on our exclusion criteria: (1) comorbid in-
flammatory conditions to avoid potential confounding in-
flammatory marker elevation, e.g., rheumatoid arthritis and
ankylosing spondyloarthritis; (2) chronic inflammatory sup-
pressive medications, e.g., corticosteroids and disease modi-
fying antirheumatic drugs (DMARDs); and (iii) end-stage
renal disease or severe renal impairment (Estimated Glo-
merular Filtration Rate <30). No patients were excluded from

the control group. This left 117 and 60 patients in the study
and control groups, respectively, to be analyzed (Fig. 1). The
study group included all comers who fulfilled the criteria for
PJIs according to the EBJIS andMSIS criteria (MSIS). We have
propensity matched the treatment and control group in re-
gard to age and body mass index (BMI).

The study protocol adhered to the Declaration1 of Hel-
sinki and Strengthening the Reporting of Observational Studies
in Epidemiology guidelines11.

TABLE II Asymptotic Significance Shows How Sure We Are That Our Classification Is Nonrandom, p < 0.05 is Considered Significant Here*

Area Under the Curve Asymptotic Significance Cutoff Value Max K-S†

Synovial fluid

SF-PMN% 0.774 <0.001 0.81 0.613

SF-NLR 0.810 <0.001 9.354 0.604

SF-ALC (%) 0.594 0.084 0.472 0.349

SF-ANC (%) 0.792 <0.001 4.15 0.580

SF-WBC (cells · 109/L) 0.803 <0.001 5.75 0.675

Serum

S-PMN% 0.736 <0.001 0.718 0.488

S-NLR 0.803 <0.001 3.659 0.553

S-ALC (%) 0.278 <0.001 0.36 0.001

S-ANC (%) 0.736 <0.001 5.62 0.457

S-CRP (mg/dL) 0.912 <0.001 16.15 0.774

S-WBC (cells · 109/L) 0.694 <0.001 8.9 0.412

*The maximum Kolmogorov-Smirnov (K-S) metric is used to determine the cutoff value. Generally, higher values are better. Area under the curve is
one the most important values in ROC analysis. Values close to 0.5 indicate that the classification is random. Area of 0.7 or higher is generally
considered acceptable, 0.8 or higher is good, and 0.9 or higher is great. †The maximum Kolmogorov-Smirnov (K-S) metric. ALC = absolute
lymphocyte count, ANC = absolute neutrophil count, CRP = C-reactive protein, NLR = neutrophil-lymphocyte ratio, PMN = polymorphonuclear,
S = serum, SF = synovial fluid, and WBC = white blood cells.

TABLE III Combination of the Variables*

Variables AUC Significance

S-CRP 1 SF NLR 0.903 <0.001

S-CRP 1 SF WBC 0.937 <0.001

S-CRP 1 S-NLR 0.933 <0.001

S-CRP 1 SF NLR 1 SF WBC 0.913 <0.001

S-CRP 1 SF WBC 1 S-NLR 0.946 <0.001

S-CRP 1 SF NLR 1 S-NLR 0.898 <0.001

S-CRP 1 SF NLR 1 SF WBC 1 S-NLR 0.916 <0.001

*S-CRP = serum CRP, SF NLR = synovial neutrophil lymphocyte
ratio, SF WBC = synovial fluid white blood cell count, and S-NLR =
serum neutrophil-lymphocyte ratio.

TABLE IV Patient Demographics of the Control Group and the
Treatment Group*

Group N Mean
Std.

Deviation
Std.

Error Mean p

Age (yrs)

Control 60 67 7.86 1.01

Treatment 253 65 10.70 0.67 0.164

Height (m)

Control 40 1.64 0.10 0.01

Treatment 91 5.51 22.64 2.37

Weight (kg)

Control 47 94.89 27.48 4.00

Treatment 97 102.33 30.99 3.14

BMI (kg/m2)

Control 40 36.19 9.96 1.57 0.474

Treatment 85 34.75 11.32 1.22

*BMI = body mass index.
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Control Group
We used a control group of 60 patients who underwent revision
surgery for aseptic reasons. All patients in the control group were
thoroughly investigated preoperatively with serological markers
and sterile aspirations to exclude infection. Cultureswere collected
in aerobic and anaerobic culture bottles and cultured for 14 days.
All patients included in the control group were deemed to be “not
infected” by the MSIS22 or “infection unlikely” by the EBJIS20.

Data Analyses
This study used Student t-tests to compare immune cell com-
position between diseased and nondiseased individuals, with
statistical power calculated using sample size, effect size, and a
significance level of 0.052. Receiver operating characteristic
analyses assessed the diagnostic value of immune cell composi-
tion in blood serum and SF for PJI (Table I). Area under the
curve (AUC) values were critical, with ‡0.7 deemed acceptable,
‡0.8 good, and ‡0.9 excellent (Table II)8,15. Cutoff values were
determined through Kolmogorov-Smirnov tests2,21. Factor
analyses, including principal component analysis, enhanced
predictive capabilities (Table III). Statistical blinding was not
applied.

Results
Patient Demographics

We included 60 patients in the control group and 117
patients in the treatment group. The mean age in the

control group was 67 years (range, 59.2-74.9) and 65 years in the
treatment group (range, 54.6-75.7) (p = 0.164) (Table IV). The
mean body mass index (BMI) in the control group was 36.2
(range, 26.2-46.1) and in the treatment group 34.8 (range, 23.4-
46) (p = 0.474). There was 57% of the patients in the treatment
group were men (p = 1.0). The treatment group consisted of
60.7% total knee arthroplasty and 38.3% total hip arthroplasty.

Serum and Synovial Fluid
Serum-CRPhad the highest AUCof 0.91 with a COVof 16.15mg/
dL (sensitivity = 79.6%, specificity = 97.8%) (Please see Table II
and Figs. 2–7 for complete results). Other measurements that
achieved “good results” included SF-NLR with an AUC of 0.810
(COV = 9.354; Sensitivity = 71.9%, Specificity = 88.5%), SF-
WBC (AUC = 0.803, COV = 5.75 cells · 109; Sensitivity = 70.3%,
Specificity = 97.1%), and serum NLR (AUC = 0.803, COV =
3.659; Sensitivity = 67.3%, Specificity = 88.0%). “Acceptable”
results included SF-ANC (AUC= 0.792, COV= 4.15%; Sensitivity

Fig. 2

ROC: individualmarkers. CRP=C-reactive protein test, NLR= neutrophil-lymphocyte ratio, PMN= polymorphonuclear leucocytes, ROC= receiver operating

characteristic curve, and WBC = white blood cells.
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= 62.8%; Specificity = 95.2%), SF-PMN% (AUC = 0.774, COV =
0.81%; Sensitivity = 66.3%, Specificity= 95.0%), S-PMN% (AUC
= 0.736, COV = 0.718%; Sensitivity = 54.8%, Specificity =
94.0%), and S-ANC (AUC = 0.736, COV = 5.62 · 10e9/L; Sen-
sitivity = 57.7%, Specificity = 88.0%). The SF-ALC demonstrated
the least benefit of diagnosing PJI (AUC = 0.594, COV = 0.472%;
Sensitivity = 44.4%, Specificity = 90.5%), while S-ALC indicate
reverse dependency where a higher value might demonstrate the
absence of infection (AUC = 0.278, COV = 0.36 cells · 109;
Sensitivity = 98.2%, Specificity = 2.0%).

When we combined the individual variables (Fig. 4) with
the highest AUC, we found the combination of S-CRP1 SFWBC
1 S-NLR to have the highest AUC (AUC = 0.946, p £ 0.001;
Sensitivity = 93%, Specificity = 90.9%). This was followed by in
decreasing order: S-CRP 1 SF WBC (AUC = 0.937, p £ 0.001;
Sensitivity = 89.2%, Specificity = 92.6%), S-CRP1 S NLR (AUC
= 0.933, p £ 0.001; Sensitivity = 82.4%, Specificity = 94.7%),
S-CRP1 SF NLR1 SFWBC1 S-NLR (AUC = 0.916, p £ 0.001;
Sensitivity = 92.3%, Specificity = 81.8%), S-CRP1 SF NLR1 SF
WBC (AUC = 0.913, p £ 0.001; Sensitivity = 83.6%, Specificity =
93.3%), and S-CRP 1 SF NLR (AUC = 0.903, p £ 0.001; Sensi-
tivity= 81.1%, Specificity= 90%). Please see Table V for complete
results.

Discussion

We found higher values of the serological and synovial
markers in patients who have septic comparedwith aseptic

total joint failures. This was a similar finding from multiple other
studies and underlines the increasing role of these parameters in
diagnosing PJI3,5,12. For individual markers, S-CRP demonstrated
the highest AUC, while the combination of S-CRP1 SF-WBC1
S-NLR had the highest AUC for all the markers.

C-Reactive Protein
The CRP is an acute phase reactant that is produced by the liver
in response to inflammation, infection, or neoplasm6. Its levels
usually peak around 3 days after surgery and then return to
normal 3 to 6 weeks later6,24. Multiple studies highlighted the
accuracy of S-CRP in diagnosing PJI6,25. Controversy still exists
about the ultimate COV with the highest sensitivity and speci-
ficity16,27. The MSIS group used an S-CRP value greater than
1 mg/dL22 while the EBJIS uses 10 mg/dL as their cutoff value.
In a recent meta-analysis27 and systematic review evaluating
45,316 patients, it was found that a higher S-CRP value of
13.5 mg/dL demonstrated the best sensitivity (84%) and spec-
ificity (83%). Our data suggests a sensitivity of 79.6% and
specificity of 97.8%with a COVof 16.15mg/dL for optimal CRP

Fig. 3

ROC: individualmarkers. NLR= neutrophil-lymphocyte ratio, PMN= polymorphonuclear leucocytes, ROC= receiver operating characteristic curve, andWBC

= white blood cells.
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value. When calculating our data and determining the sensi-
tivity and specificity by using the MSIS criteria of > 1 mg/dL or
the EBJIS of > 10 mg/dL, we found sensitivities of 98.9 and
84.9% and specificities of 11.0% and 89.1%, respectively. Jiao
et al.16 found S-CRP to be the most valuable test to diagnose PJI
with a COVof 14.26 mg/mL (Sensitivity = 71.1%; Specificity =
87.1%). Lower COV might become important in low virulent
PJIs where bacteria are embedded in biofilms, which leads to a
lower immune response24. Thus, using a higher COV could lead
to higher false-negative results. In the contrary, using a low COV
could lead to higher sensitivity and lower specificity, which
could lead to unnecessary surgery and prolonged antibiotic
treatment. This emphasizes the importance of not solely using
one marker to diagnose infections.

Serum Neutrophil-Lymphocyte Ratio
The S-NLR is an established marker for inflammation and uses
neutrophils, which play a critical role in the innate immune
response by acting as the first line of defense against bacterial
infections, and lymphocytes, which form part of the adaptive
immunity and target specific pathogens24. Neutrophils reach a
peak value by postoperative day 2 (POD) and preoperative
values by POD 21, while lymphocytes reach a low by POD 2
and preoperative values by POD 14 to 2112,24. This lymphocy-
topenia occurs because the various anti-inflammatory cyto-

kines released in the bloodstreamduring the process of sepsis, or
disease, can induce immunosuppression, subsequently leading
to apoptosis of a large number of lymphocytes, reducing the
overall lymphocyte count throughout the body12. Therefore, S-
NLR might be beneficial in the early detection of PJIs.

We tried to determine the highest specificity at the cost of the
sensitivity to use S-NLR as a “rule-in test” rather than a screening
test10. This is further supported by Festa et al.12 in their systematic
review and meta-analysis who concluded that NLR demonstrated
fair diagnostic accuracy and thus was not useful as a screening tool.
In our study, we determined the S-NLR cutoff value was 3.659
(Sensitivity = 71.9%, Specificity = 88.5%). Multiple other studies
determinedCOVranging between 2.1 and 3.823,5,10,18,24. Interestingly,
Balato et al.3 found that the S-NLR ratio showed the highest AUC
compared with other ratios studied (Monocyte-Lymphocyte
ratio, Platelet-Lymphocyte ratio, and Platelet volume ratio)
but was less accurate than S-ESR and S-CRP. We found sim-
ilarly that S-NLR ratio is considered a valuable test with an
AUC of 0.803 but less valuable than S-CRP or SF-WBC
individually. Salimi et al.24 also concluded that S-NLR can be
easily adopted by surgeons as a screening tool for PJI. In
addition, NLR is cheap and readily available.

The S-NLR ratio as an individual marker, however, does
demonstrate conflicting results with different sensitivities and
specificities reported in the literature10. One reason for the

Fig. 4

ROC: combined markers. CRP = C-reactive protein test, NLR = neutrophil-lymphocyte ratio, ROC = receiver operating characteristic curve, S = serum, SF =

synovial fluid, and WBC = white blood cells.
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differences can be the acuity of the PJI. In our study, we did not
distinguish between acute (<90 days) and chronic (>90 days)
infections. Yu et al.30 determined that S-NLR was a more useful
test in diagnosing acute (<90 days) PJI than S-CRP. Their study,
however, was a retrospective study evaluating 121 patients and
used a COVof 2.13 (AUC = 0.802; Sensitivity = 85%, Specificity =
68.3%). Another reasonmight be the utilization of different control
groups and gender differences. Balato et al.3 demonstrated that
S-NLR achieved improved specificity in men. They proposed that
one possible reason could be the expression of different sex hor-
mones. They proposed 2 different cutoffs for men and women
(men NLR ‡ 2.51; Women ‡ 2.46). With their optimal COV of
2.46, they had an AUC of 0.70 with a sensitivity of 61.6% and
specificity of 78.3%.

Synovial Fluid White Blood Cell Count
In a recent systematic review and meta-analysis26, SF-WBC was
found to be a valuable test in diagnosing PJIs with a sensitivity of
92.4% and a specificity of 90.1% (Youden index 0.83). The ulti-
mate COV is yet to be determined for acute and chronic PJIs with
multiple values proposed ranging from 1,100 to 27,800 cells/
microliter13,22,27. The MSIS22 and EBJIS criteria use >3,000 cells/mL
for diagnosing PJIs. Intra-articular blood and the inflammatory
process of recent surgery can elevate the WBCs in the SF13. Not

only do SF-WBC counts differ in patients who have acute and
chronic PJIs, but it seems that SF-WBC is also joint specific13. The
COVranged between 6,130 and 27,800 cells/mL for acute PJI13. In
this study, we determined a new COV for SF-WBC of 5,750 cells/
mL, which produced the highest sensitivity and specificity.

Combination of Tests
Inherently, it makes sense that combining diagnostic tests
might improve diagnostic accuracy. Multiple studies have tried
to find the ideal combination9. Denyer et al.9 demonstrated a
high AUC (0.97) with the combination of S-ESR, S-CRP, SF-
WBC, SF-PMN, and platelet volume ratio (Sensitivity = 94.3%
and Specificity = 88.9%). Even though they did demonstrate a
higher AUC than our current study, it involves multiple tests
and calculations to be performed and might be cumbersome
to implement in everyday practice. We tried to determine a
combination that is easy and quick to determine and apply
with high diagnostic accuracy. In our study, combining S-CRP
1 SF-WBC 1 S-NLR yielded the highest AUC of 0.946 (Sen-
sitivity = 93.0%, Specificity = 90.9%). To our knowledge, this is
the first study to combine S-CRP, SF-WBC, and S-NLR to
predict PJI. All these tests are readily available, and it would be
easy for clinicians to adopt these COVs to help diagnose PJI
and total joint arthroplasty.

Fig. 5

ROC: combined markers. PMN = polymorphonuclear leucocytes and ROC = receiver operating characteristic curve.
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It is important to note that alternate diagnostic algorithms
(MSIS, EBJIS) are not only validated but also demonstrated very
high sensitivities and specificities22. The goal of this studywas not
to replace these modalities but to add to the existing literature to
enable surgeons in diagnosing PJIs. Some of the alternative
modalities do include diagnostic tests (D-Dimer, polymerase
chain reaction, Alpha-Defensin) that are expensive and not
readily available. By adding easily obtainable and relatively
inexpensive tests can aid surgeons in decision making.

This study acknowledges several limitations in using com-
bined markers for diagnosing PJI across diverse populations and
settings. Key challenges include variability in patient populations,
marker specificity, cutoff thresholds, and external factors such as
medications, age, and comorbidities. Retrospective design biases,
missing data, and the tertiary academic center setting limit gen-
eralizability. The exclusion of Alpha-defensin and ESR due to
institutional policies, and the inability to assess acute vs. chronic
PJIs, further constrains findings. In addition, antibiotic usage
before testing was not considered. Intraoperative cultures and
histological analysis were used to select participants for the study
according to MSIS and EBJIS criteria, but the results of the cul-
tures and analysis were not documented. Despite these limita-
tions, diverse surgeon participation enhances the generalizability,
supporting study reliability.

Conclusion

The combination of S-CRP, SF-WBC, and S-NLR provides a
practical and cost-effective approach for diagnosing PJI

with high sensitivity and specificity. However, it should be used
in conjunction with a thorough clinical examination and other
diagnostic modalities, as no single test offers perfect diagnostic
accuracy. It is, however, important to use this in combination
with a thorough clinical and physical examination as well as
other modalities. n
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ROC: individual markers. ROC = receiver operating characteristic curve and WBC = white blood cells.
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