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Background: Periprosthetic joint infection (PJI) is a serious complication following total joint arthroplasty (TJA), which requires 
prompt and accurate diagnosis for effective management. Many biomarkers have been used for PJI diagnosis; however, the 
identification of the most effective inflammatory biomarker combination for optimal diagnostic accuracy may be poorly reported.
Methods: In this prospective, multi-center study, a total of 269 individuals undergoing knee or hip revision arthroplasty were 
recruited and subsequently categorized based on 2018 ICM PJI criteria into two groups: 93 with periprosthetic joint infection (PJI) and 
176 with aseptic failure (AF). Various preoperative biomarkers were analyzed and compared, including C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR), neutrophil-to-lymphocyte ratio (NLR), CRP-to-albumin ratio (CAR), CRP-Albumin- 
lymphocyte ratio (CALLR), platelet-to-lymphocyte ratio (PLR), platelet-to-albumin ratio (PAR), and neutrophil-to-albumin ratio 
(NAR). The diagnostic performance of these biomarkers was evaluated using ROC curve analysis and the area under the curve 
(AUC). Additionally, the Youden index was used to determine optimal threshold values, and positive predictive value (PPV) and 
negative predictive value (NPV) were calculated to evaluate diagnostic precision.
Results: In the PJI group, levels of PAR, CAR, and CALLY were notably higher compared to the AF group, reaching statistical 
significance (P < 0.05). PAR and CAR were confirmed to have high diagnostic values, with AUC values of 0.779 and 0.718, 
respectively. CALLY exhibited moderate diagnostic effectiveness, with an AUC of 0.647. When PAR was combined with CRP and 
ESR, sensitivity and specificity notably improved to 93.8% and 92.5%, respectively. However, subgroup analysis revealed no 
significant differences in combined inflammatory biomarker levels between the two groups.
Conclusion: PAR and CAR prove to be effective combined inflammatory biomarkers for PJI diagnosis, whereas other markers 
exhibited limited diagnostic utility for PJI.
Keywords: prosthetic joint infection, blood cell ratio combinations, PAR, CAR, MSIS

Introduction
Periprosthetic joint infection (PJI) represents a significant challenge for patients undergoing total joint arthroplasty (TJA), 
substantially affecting morbidity and mortality rates.1 With both primary and revision TJA surgeries increasing annually, 
the prevalence of PJI-related complications is expected to increase correspondingly.2–4 Experts project that by 2030, the 
financial burden of PJI will increase to an alarming $1.85 billion.5 Hence, prompt and accurate identification of PJI is 
crucial for effective management and treatment.

The Musculoskeletal Infection Society (MSIS) criteria, a widely accepted standard for PJI diagnosis, integrates 
findings from blood and synovial fluid analyses, clinical examinations, and histological and microbiological evaluations 
of intraoperative specimens.6 These criteria underwent revisions during the 2018 International Consensus Meeting (ICM) 
on PJI.7 However, no single blood or synovial fluid examination currently provides a definitive diagnosis of PJI. While 
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advancements such as the identification of biomarkers, including synovial alpha-defensin and the application of next- 
generation sequencing have improved the accuracy of preoperative PJI detection, these methods are limited by high costs 
and logistical challenges, particularly for outpatient services and smaller medical facilities.8,9 Conversely, blood-based 
biomarkers offer a more reliable initial screening approach for PJI due to their affordability, rapid processing, and 
widespread availability.10

A combination of inflammatory biomarkers, including the CRP-to-albumin ratio (CAR), platelet-to-lymphocyte ratio 
(PLR), CRP-to-lymphocyte ratio (CLR), neutrophil-to-albumin ratio (NAR), CRP-albumin-lymphocyte index (CALLY), 
and platelet-to-albumin ratio (PAR), plays a crucial role in assessing the severity and predicting outcomes of inflamma-
tory conditions beyond orthopaedic.11–15 For PJI, the neutrophil-to-lymphocyte ratio (NLR) and PLR have been 
identified as potentially beneficial markers.16–18 However, previous studies have reported varying results on the definitive 
biomarkers or their combinations for PJI detection. Yu et al reported that NLR (0.802) had higher diagnostic accuracy for 
early PJI than CRP (0.793) and ESR (0.744).19 Similarly, Zhao et al reported a high diagnostic value of NLR (0.93).20 

Conversely, Sigmund et al reported that NLR (0.68) was less diagnostically effective compared with traditional indicators 
such as CRP.21 Therefore, it is essential to evaluate how these biomarkers and their combinations perform compared to 
traditional ones such as serum CRP and ESR. It is important to identify the most precise biomarkers, either alone or in 
combination, to enhance the diagnosis of PJI, despite the potential complexities introduced by their combined use in 
a clinical setting. Based on this, we performed a prospective, two-center analysis to determine the diagnostic efficacy of 
different biomarker combinations for PJI. We evaluated NLR, PLR, CAR, CALLY, NAR, and PAR and compared them 
with established inflammatory markers, CRP and ESR, to assess their prospective diagnostic capabilities in identify-
ing PJI.

Patients and Methods
Study Design
In this prospective, multicenter study, we analyzed patients who underwent hip or knee revision arthroplasty at 
Zhengzhou Orthopaedic Hospital and Huaihe Hospital of Henan University between January 2020 and 
December 2023. The study protocol was approved by the local ethics committees of both institutions, and all 
patients provided written informed consent. A total of 269 patients were included in the study, with 205 patients 
enrolled from Zhengzhou Orthopaedic Hospital and 64 patients from Huaihe Hospital of Henan University. These 
patients were categorized into two groups: the PJI group (n = 93), comprising patients who met the updated 
periprosthetic joint infection (PJI) diagnostic criteria established by the 2018 International Consensus Meeting 
(ICM), and the aseptic failure (AF) group (n = 176), which included patients with non-infectious prosthetic joint 
failure.

To ensure accuracy, patients with any of the following conditions were excluded: periprosthetic fractures or prosthetic 
dislocations, concurrent conditions affecting biomarker levels (eg, malignancies, other joint infections, traumas, or 
hematologic disorders), autoimmune diseases (eg, rheumatoid arthritis or ankylosing spondylitis), recent use of antic-
oagulant medications, or incomplete data. This rigorous screening ensured that only patients meeting the inclusion 
criteria were analyzed.

Data Extraction
We obtained baseline information, including age, sex, height, weight, infection timing, and affected joint, for each patient 
from the hospital’s electronic health records. On the admission day or the following day, nurses collected fasting venous 
blood samples, which were analyzed in the laboratory within an hour. We documented levels of CRP, ESR, neutrophils, 
lymphocytes, platelets, and albumin, and calculated the NLR, PLR, CAR, CALLR, NAR, and PAR. To enhance the 
diagnostic accuracy for PJI, we developed a composite test by combining PAR, CAR, and traditional biomarkers (CRP 
and ESR). Furthermore, during surgery, we obtained synovial fluid, pus, periprosthetic tissues, or bone for aerobic and 
anaerobic bacterial cultures.
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Bacterial Culture
Synovial fluids collected from the surgery were incubated in BD BACTEC vials for aerobic, anaerobic, fungal, and acid- 
fast bacilli cultures at 35 °C for 14 days. Periprosthetic tissue samples obtained intraoperatively underwent 1-min 
homogenization in 3 mL of BHI broth. Then, the resulting homogenate was cultured on Columbia blood agar with 
selective medium, chocolate agar, and 5% sheep blood, under anaerobic and aerobic conditions for 7 days at 35 °C. 
Additionally, an identical volume of homogenate (1 mL) was inoculated into BD BACTEC bottles for aerobic, anaerobic, 
fungal, and acid-fast bacilli cultures for 14 days.

Statistical Analysis
Statistical results are presented as mean ±SD for continuous data and median (25th percentile and 75th percentile) for 
categorical data. We compared the clinical parameters between the PJI and non-PJI groups. Continuous data across 
different categories were analyzed using either the Student’s t-test or the Mann–Whitney U-test, whereas categorical 
variables were analyzed using Pearson’s chi-square (χ2) test. In the ROC analysis, optimal cut-off points for biomarkers, 
such as NLR, PLR, CAR, CALLY, NAR, and PAR were identified using Youden’s index, calculated as the maximum 
value obtained from the formula: sensitivity + specificity - 1, to determine the probability of PJI. Statistical analyses were 
performed using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA), with p-values < 0.05 considered statistically 
significant, employing two-tailed tests.

Results
Patient Characteristics
In this study, initially, 398 individuals were considered for revision knee or hip arthroplasty between January 2020 and 
December 2023. Based on the exclusion criteria, 129 patients were excluded. Of the remaining 269 patients, 93 were 
included in the PJI group based on the 2018 ICM PJI criteria, whereas 176 were included in the AF group (Figure 1). The 
average body mass index (BMI) was significantly higher in the PJI group than in the AF group (26.9 ±2.37 kg/m2 vs 25.2 
±1.93 kg/m2, P = 0.003). Additionally, the incidence of knee infections in the PJI cohort was notably higher than that in 
the AF group (P < 0.001; Table 1).

Accuracy and ROC Curve of PJI Diagnosis of These Blood Biomarkers
Table 1 and Table 2, along with Figure 2, highlight that the PJI group exhibited significantly higher levels of CAR 
(0.78 ±0.81 vs 0.35 ±0.65), CALLR (0.97 ±1.51 vs 3.41 ±2.85), and PAR (7.79 ±1.02 vs 5.26 ±1.24) compared with 

Total number of revision patients (n = 398)

Excluded (n = 129)

1. periprosthetic fractures (n = 72)

2. prosthetic dislocations n = 12

3. complicated with autoimmune system diseases n = 35

4. recent use of anticoagulant drugs n = 10

The 2018 ICM criteria

Included patients (n = 269)

Infected group
(n = 93)

Aseptic failure (AF) group
n = 176

Figure 1 Flowchart of patient inclusion.
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Table 1 Basic Characteristics of All Patents in the PJI and AF Groups

Entire Cohort (N = 269) PJIa Group (N = 93) AFb Group (N =176) P value

Age (years) 65.5 ±13.13 63.9 ±12.21 67.29 ±10.07 0.721

Male (% total) 136 (50.6%) 36 (37.5%) 100 (29%) 0.005

BMIc (kg/m2) 29.6 ±3.57 26.9 ±2.37 25.2 ±1.93 0.003

Comorbidities

Diabetes 19 (4.9%) 11 (11.5%) 8 (2.8%) 0.479

Potential Biomarker

NLRd 2.85 ±2.01 3.29 ±1.22 2.49 ±2.51 0.121

CARe 0.58 ±0.73 0.78 ±0.81 0.35 ±0.65 0.031

CALLYf 2.10 ±2.01 0.97 ±1.51 3.41 ±2.85 0.018

PLRg 171.89 ±70.81 188.24 ±78.84 153.81 ±62.81 0.078

PARh 6.59 ±1.13 7.79 ±1.02 5.26 ±1.24 0

NARi 0.10 ±0.03 0.11 ±0.05 0.10 ±0.04 0.762

ESR 27.74 ±23.33 35.06 ±21.21 19.33 ±16.14 0.009

CRP 22.18 ±28.62 30.60 ±31.91 12.52 ±17.06 0.015

Joint 0

Hip (%) 193 (71.7%) 51 (54.8%) 142 (80.7%)

Knee (%) 76 (28.3%) 42 (45.2%) 34 (19.3%)

Notes: a PJI, periprosthetic joint infection; b AF, aseptic failure; c BMI, body mass index; d neutrophil-to-lymphocyte ratio; e C-reactive 
protein-to-albumin ratio; f C-reactive protein -Albumin-lymphocyte ratio; g platelet-to-lymphocyte ratio; h platelet-to-albumin ratio; i 

neutrophil-to-albumin ratio.

Table 2 Diagnostic Value of CRP, ESR, NLR, CAR, CALLR, PLR, PAR and NAR

AUC 95% CI Youden Index Optimal  
Cutoff Value

Sensitivity (%) Specificity (%) PPVg (%) NPVh (%)

NLRa 0.431 (0.275, 0.587) 0.201 2.73 41.9 42.7 44.8 40

CARb 0.718 (0.579, 0.857) 0.466 0.27 64.5 85.7 81.8 68.7

CALLYc 0.647 (0.495, 0.800) 0.428 0.82 64.4 64.3 66.7 62.1

PLRd 0.628 (0.479, 0.777) 0.295 170.56 58.1 72.6 70.2 60.6

PARe 0.779 (0.659, 0.899) 0.424 5.36 77.4 71.4 76.4 72.1

NARf 0.524 (0.370, 0.678) 0.271 0.14 51.6 50 53.33 48.3

CRP 0.722 (0.585, 0.859) 0.465 11.21 61.3 85.7 81.8 64.9

ESR 0.706 (0.559, 0.854) 0.525 24.5 70.1 82.1 81.5 71.9

Notes: a neutrophil-to-lymphocyte ratio; b C-reactive protein-to-albumin ratio; c C-reactive protein -Albumin-lymphocyte ratio; d platelet-to-lymphocyte ratio; e platelet-to- 
albumin ratio; f neutrophil-to-albumin ratio; g positive predictive rate; h Negative predictive value.
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the AF group, with P-values below 0.05. NLR, PLR, and NAR did not exhibit significant variations between the two 
groups, with P-values of 0.121, 0.078, and 0.762, respectively. The ROC curve analysis indicated that PAR had 
superior diagnostic accuracy (AUC = 0.779) compared with CRP (AUC = 0.722) and ESR (AUC = 0.706), whereas 
CAR’s AUC was 0.718. The optimal threshold for PAR was identified at 5.36, obtaining a sensitivity of 77.4% and 
specificity of 71.4%. The optimal cut-off of CAR was 0.48, with 64.5% sensitivity and 85.7% specificity. CALLY 
and PLR offered moderate diagnostic values, with AUCs of 0.647 and 0.628 and optimal thresholds of 0.82 and 
170.56, respectively. However, NLR and NAR showed negligible diagnostic utility, with AUCs of 0.431 and 0.524, 
respectively. According to Youden’s index, the predictive values for CAR, CALLY, PAR, NLR, PLR, and NAR were 
also calculated, with PPVs of 81.8%, 66.7%, 76.4%, 44.8%, 70.2%, and 53.3%, and NPVs of 64.9%, 62.1%, 72.1%, 
40.0%, 60.6%, and 48.3%, respectively (Figure 3 and Table 2).

Subgroup analyses revealed no significant differences in biomarker levels when categorized by culture results or 
infected joint (Table 3). To improve the diagnostic accuracy for PJI, we combined PAR, CAR, and traditional biomarkers 
(CRP and ESR) into a composite test. The results showed a significant improvement in sensitivity, specificity, PPV, and 
NPV for PJI detection (Table 4). Interestingly, the highest diagnostic precision was obtained when ESR was used 
sequentially with PAR and concurrently with CAR, implicating ESR’s potential value in this combined diagnostic 
approach.

Microbiological Findings
In this cohort, each patient underwent at least two culture tests that identified the same pathogen. Among the 93 
individuals in the PJI group, 61 tested positive for cultures, resulting in a positivity rate of approximately 65.59% (61/ 
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Figure 2 Comparison of combined inflammatory biomarkers levels between the PJI group and the AF group. 
Notes: Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; CAR, C-reactive protein-to-albumin ratio; CALLY, C-reactive protein -Albumin-lymphocyte ratio; PLR, platelet-to- 
lymphocyte ratio; PAR, platelet-to-albumin ratio; NAR, neutrophil-to-albumin ratio.
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93). The most frequently isolated bacteria were Staphylococcus epidermidis (24/61, 39.3%) and Staphylococcus aureus 
(14 out of 60, 23.3%). Additionally, one case involved a polymicrobial culture, which included a combination of 
S. epidermidis and Brucella (Table 5).

Figure 3 The ROC curves of ESR, CRP, PAR, PLR, CALLY, CAR, NLR, and NAR.

Table 3 Comparison of All Inflammatory Biomarker Combination in the Different PJI Subgroups

Culture-Positive PJI  
(n = 61)

Culture-Negative PJI  
(n = 32)

P value Knee PJI  
(n = 42)

Hip PJI  
(n = 51)

P value

NLRa 2.57 ±1.28 2.54 ±1.21 0.947 2.41 ±1.28 2.33 ±1.21 0.879

CARb 0.83 ±0.82 0.87 ±0.75 0.904 0.85 ±0.82 0.84 ±0.75 0.934

CALLYc 0.84 ±1.71 1.20 ±1.63 0.559 0.93 ±1.49 1.05 ±1.57 0.659

PLRd 185.40 ±72.84 197.96 ±75.62 0.686 188.20 ±72.67 191.35 ±75.31 0.664

PARe 7.46 ±2.4 8.29 ±1.82 0.463 7.51 ±1.91 8.03 ±1.82 0.442

NARf 0.10 ±0.04 0.11 ±0.03 0.647 0.09 ±0.03 0.11 ±0.03 0.573

CRP 31.9 ±32.23 34.42 ±2.23 0.85 30.8 ±30.17 32.12 ±2.53 0.752

ESR 36.73 ±16.76 38 ±16.76 0.877 36.54 ±16.82 37.8 ±16.53 0.952

Notes: a neutrophil-to-lymphocyte ratio; b C-reactive protein-to-albumin ratio; c C-reactive protein -Albumin-lymphocyte ratio; d platelet-to- 
lymphocyte ratio; e platelet-to-albumin ratio; f neutrophil-to-albumin ratio.
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Table 4 Combinational Diagnostic Value of the PAR Combined With CRP and 
ESR for PJI

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

PAR or CRP 80.6 88.9 89.7 82.8

PAR or ESR 93.8 85.1 88.2 95.8

PAR or ESR or CRP 93.8 92.5 90.9 92.6

CAR or CRP 64.5 89.3 83.3 68.7

CAR or ESR 71 92.9 89 75.3

CAR or ESR or CRP 71 96.4 89 78.9

PAR or CAR or ESR 96.7 96.4 93.5 96.1

Table 5 Culture Results of Patients in the PJI Group

Culture Results No. of Patients

Staphylococcus epidermidis 24

Staphylococcus aureus 13

Methicillin-resistant Staphylococcus aureus 3

Coagulase-negative Staphylococcus 2

Streptococcus species 2

Enterococcus faecalis 2

Escherichia coli 2

Brucella 2

Staphylococcus lugdunensis 1

Enterobacter cloacae 1

Streptococcus agalactiae 1

Pseudomonas aeruginosa 1

Acinetobacter baumannii 1

Candida albicans 1

\Mycobacterium tuberculosis 1

Aeromonas hydrophila 1

Serratia marcescens 1

Corynebacterium striatum 1

Corynebacterium 1

Nontuberculosis mycobacteria 1

Negative 32
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Discussion
In this study, we evaluated the diagnostic potential of combined inflammatory biomarkers for detecting PJI. We found 
that PAR and CAR exhibit remarkable diagnostic accuracy. When compared with traditional markers such as CRP and 
ESR, these novel biomarkers exhibit improved sensitivity and specificity, suggesting their potential for broader adoption 
in future diagnostic protocols. The diagnostic value of PLR and CALLY appears limited and considerably lower than that 
of conventional markers. Interestingly, our analysis indicates that NLR and NAR do not significantly contribute to the 
diagnosis of PJI, which contrasts with previous research findings.11,22,23

Recent research suggests that platelets play a crucial role beyond hemostasis, significantly influencing immune and 
inflammatory responses.24,25 When platelets interact with bacteria during immune reactions, they become activated, 
enabling them to interact with other cells through surface receptors and secrete various proteins, such as cytokines and 
chemokines, helping regulate the immune system. Albumin, a protein produced by the liver, is commonly used to 
evaluate nutritional status.26 However, emerging evidence indicates a strong association between albumin levels and 
inflammation, where decreased albumin levels often indicate heightened inflammatory activity.27,28 This inverse correla-
tion during infections likely highlights the significant diagnostic relevance of PAR. Given its increasing recognition as an 
inflammatory marker, the use of PAR in diagnosing various infectious diseases has garnered considerable attention.29–31 

Our study, which expanded the patient cohort with PJI and AF, is consistent with earlier findings by establishing the 
superior diagnostic efficacy of PAR among various combinations of inflammatory biomarkers.32 With an AUC of 0.779 
and sensitivity and specificity of 77.4% and 71.4%, respectively, PAR emerges as a standout marker. Its diagnostic 
performance is further improved when combined with ESR and CRP, increasing sensitivity and specificity to 93.8% and 
92.5%, respectively. These results position PAR as a potent diagnostic tool for PJI, a conclusion supported by recent 
work by Shi et al, which attributed a high diagnostic accuracy to PAR, reflected in an AUC of 0.785.11

CRP, an acute-phase protein synthesized by the liver, increases in response to inflammation or infection, whereas 
serum ALB decreases during immune activation.33,34 This inverse correlation makes CAR a valuable prognostic 
indicator in conditions such as acute pancreatitis and surgical site infections following major abdominal 
operations.35,36 While some studies have reported CAR’s superiority over traditional markers such as CRP and ESR, 
demonstrating its robust diagnostic capability among various combinations of inflammatory biomarkers,37–39 our analysis 
revealed that CAR’s AUC (0.718) was comparable to that of CRP (0.722) and ESR (0.706). The Youden index also 
indicated that CAR’s sensitivity and specificity were similar to those of CRP and ESR, suggesting that CAR’s overall 
diagnostic performance in PJI is equivalent to these conventional markers. Improvements in sensitivity and specificity to 
71.0% and 92.9%, respectively, were observed when CAR was used in conjunction with ESR and CRP, highlighting its 
effectiveness as a diagnostic marker for PJI.

Lymphocytes, crucial for the body’s specific immune response, become activated upon exposure to pathogens. In 
conditions such as sepsis, lymphocyte counts decrease significantly due to marginalization, increased apoptosis, and cell 
redistribution, mirroring the behavior of albumin.40 Consequently, CALLY, an emerging inflammatory marker, may serve 
a purpose similar to CAR. Historically, research on CALLY has focused on predicting cancer prognoses and assessing the 
severity of COVID-19.14,41 Iida et al reported that preoperative CALLY levels could predict outcomes in patients 
undergoing surgery for hepatocellular carcinoma (HCC).42 However, the association between CALLY and PJI remains 
unexplored in the existing literature. Our investigation revealed a notable increase in CALLY levels within the PJI cohort 
compared with the AF group, suggesting its potential relevance in PJI scenarios.

The efficacy of NLR as a diagnostic tool for PJI is still debatable While two studies have reported its good diagnostic 
performance with AUC values of 0.80,19,43 a majority indicate its limited utility, with AUCs ranging from 0.656 to 0.740, 
suggesting NLR’s inadequacy as a standalone biomarker for PJI diagnosis.44 In the present study, NLR exhibited 
suboptimal performance in diagnosing PJI, evidenced by a low AUC of 0.431, a sensitivity of 41.9%, and 
a specificity of 42.7%. These findings are consistent with the results from a recent meta-analysis, reinforcing the notion 
that NLR may not be a dependable marker for PJI detection.

This study systematically evaluates the diagnostic potential of combined inflammatory biomarkers, such as PAR 
and CAR, for detecting PJI. By comparing these novel biomarkers with traditional ones like CRP and ESR, it 
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provides a comprehensive understanding of their relative efficacy and valuable insights for clinical application. 
However, the present study has some limitations. Although it is a prospective study conducted across two centers, 
the relatively small sample size may still limit the generalizability of the findings. Consequently, our results should 
be further validated through larger, multi-center studies involving more extensive cohorts. Additionally, the homo-
geneity in the racial background of our study participants is a limitation. The impact of racial diversity on biomarker 
efficacy remains uncertain, underscoring the need for future research to explore this aspect across different racial 
groups.

Conclusion
Our findings indicate that PAR offers comparable diagnostic excellence to CRP and ESR in identifying PJI; therefore, it 
can be a valuable asset in the screening process for patients with PJI. A broader adoption of this biomarker combination 
can improve diagnostic accuracy in the clinical setting.
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