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Background: Currently, there is no single test indicator for diagnosing periprosthetic joint infection (PJI) with an acceptable level of
sensitivity. Therefore, ratio indicators have been introduced to improve the accuracy of diagnostic algorithms. Platelet count /mean
platelet volume (PMR) is reported to be a potential PJI diagnostic biomarker, but its clinical value for diagnosing PJI is still uncertain.
This study aims to provide additional evidence to support the effectiveness of PMR in accurately diagnosing PJI.

Methods: This study recruited 116 patients with PJI and 137 patients with aseptic loosening, divided them into PJI group and AL
group. Collect subjects’ preoperative laboratory indicators such as ESR, CRP, PLT, MPV, etc. The area under the curve (AUC) was
calculated by plotting the receiver operating characteristic (ROC) curve to determine the diagnostic efficacy of PMR.

Results: ESR, CRP, PLT, and PLT/MPV were significantly increased in the PJI group, while MPV levels were decreased (both P<
0.001). The AUC of the PMR was 0.752, and the optimal cut-off value for diagnosing chronic PJI was determined to be 27.8 based on
the Youden index. The sensitivity and specificity for diagnosing PJI were 79.3% and 47.9%, respectively, with a positive predictive
value of 68.27%, a negative predictive value of 69.80%, and a diagnostic odds ratio of 4.97. The AUC (0.752) of the ratio biomarker
was lower than that of ESR (0.825) and CRP (0.900). After predictive model calculation, the combination of PMR, CRP, and ESR had
an AUC value of 0.910, with a sensitivity of 84.5% and a specificity of 84.7%, showing good discriminative ability.

Conclusion: Compared with traditional biomarkers ESR and CRP, the value of the PMR for diagnosing PJI is not significant, but it
can be used as an auxiliary indicator for PJI diagnosis in combination with other indicators (P<0.001).

Keywords: periprosthetic joint infection, biomarkers, C-reactive protein, erythrocyte sedimentation rate, platelet count/mean platelet
volume, diagnosis

Introduction

Periprosthetic joint infection (PJI) is a severe complication that can occur after total joint replacement (TJR). It often
leads to pain, limited mobility, loosening of the prosthesis, prolonged antibiotic treatment, hospitalization, and the most
severe outcomes of amputation or death. Due to the aging population and the increasing demand for TJR, the incidence
of PII is also increasing, causing a huge economic burden and mortality rate." Early and accurate diagnosis of PJI is of
great significance for its subsequent treatment and prognosis. However, there is currently no independent or simple
diagnostic gold standard for diagnosing PJI, so it is very important to find an index that can help clinicians effectively
diagnose PJI. Bacterial infection around the prosthesis can lead to an immune response characterized by the recruitment
and activation of neutrophils, and the infection can also activate the prothrombin activation pathway by releasing some
procoagulant substances (such as tissue factor, thromboxane A2,) Or by affecting the function of vascular endothelial
cells to promote the aggregation of platelets and coagulation factors to form thrombus at the site of infection, these
mechanisms may lead to the activation of the coagulation system and related inflammatory responses. These changes can
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be reflected in changes in the body’s blood parameters, so some key indicators for effectively predicting and diagnosing
PJI can be obtained in a timely and accurate manner by means of routine blood tests.

Among the inflammation markers, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) are the most commonly
used, but their sensitivity and specificity are not perfect. Meanwhile, people have increasingly noticed the role of platelets as an
important regulator of innate immunity on various infections, so they began to shift the focus of research to coagulation
indicators.” A large number of studies have shown that coagulation-related indicators may be promising markers for the diagnosis
of PJI. Xu® studied the potential value of platelet count alone in diagnosing PJI and reported good diagnostic value at a cutoffvalue
of 221 x 10°/L. In an experiment evaluating the impact of platelet depletion on host antibacterial defense in a mouse model of PJI,
platelet count was found to affect bacterial load in the PJI mouse model.* Tirumala® analyzed data from 439 joint revision patients
and found that platelet count had a sensitivity of 57.5% and specificity of 83.1% in diagnosing PJI, further indicating that platelets
may be a potential predictive factor for diagnosing PJI. Djordjevic® found a correlation between PLT/MPV ratio and bacteremia.
In the field of orthopedics, Wang’ found that PLT/MPV ratio may be a useful parameter for early diagnosis of infectious nonunion.
In addition, PLT/MPV was significantly correlated with the success rate of PJI treatment and the incidence of postoperative
complications. Therefore, PMR may be an important indicator that our clinicians should focus on. Platelet (PLT) and mean platelet
volume (MPV) are easily affected by systemic inflammation and infection during the progression of infectious diseases, and are
often used as easily obtainable preoperative routine coagulation parameters for revision surgery. Inflammation or infection can
cause reactive platelet generation to intensify, and mean platelet volume can decrease due to high concentrations of circulating
platelet growth factors, leading to increased platelet count and decreased mean platelet volume. The changes and degree of change
in these two parameters are different in the state of infection. Using the ratio of these parameters as a new diagnostic indicator can
provide additional information from routine blood parameters, and can provide valuable insights for the diagnosis of peripros-
thetic joint infection (PJI) in a simple, rapid, and inexpensive way.® '® However, there is some controversy over its diagnostic
effectiveness, Paziuk'" first used the PMR calculated by combining PLT and MPV markers for diagnosing PJI and compared the
AUC, sensitivity, and specificity of PMR with ESR and CRP markers through retrospective case analysis. They found that the
AUC of PMR (69%) was lower than that of CRP (87.2%) and ESR (85.1%), but had higher sensitivity and specificity (84.1%,
80.8%) than ESR and CRP. Klemt'? found that the AUC of PMR (0.86) was higher than that of CRP (0.813) and ESR (0.792).
Huang'? and Tirumala® also reported the good diagnostic value of PMR. However, Sahin'* came to a different conclusion. They
calculated the cutoff value of platelet count/mean platelet volume ratio through ROC analysis as 35.3 and found that the sensitivity
and specificity of PMR for periprosthetic joint infection were 75.9% and 78.8%, respectively. Compared with ESR and CRP, PMR
had a lower area under the curve, lower sensitivity, and similar specificity, indicating its poor diagnostic performance.

In summary, in view of the controversy of PMR in the diagnosis of PJI, and considering that it may be due to the small sample
size, differences in population regions, and different inclusion and exclusion criteria, this study is strictly in accordance with the
latest 2018 International Consensus Conference (International Consensus Meeting, ICM) standard was used as the inclusion
standard of PJI, and the whole southwestern region of Shandong Province in China was used as the radiation range to expand the
sample size to 298 patients who underwent joint revision in the past ten years. By retrospectively collecting cases, to verify
whether PMR has better diagnostic value than the internationally recognized diagnostic markers CRP and ESR for PJI, and to
determine whether it can be used as a useful indicator to guide clinicians in diagnosing PJI.

Data and Methods

Study Design

This was a single-center retrospective study that included 288 patients who underwent revision surgery for aseptic loosening (AL)
or periprosthetic joint infection (PJI) after hip or knee arthroplasty from January 2013 to January 2023 in our hospital. Our hospital
is a university-affiliated hospital in Jining City, Shandong Province. The Department of Joint and Sports Medicine performs more
than 4000 joint replacement operations every year. Conduct an electronic study to determine the practical value of PMR in the
diagnosis of periprosthetic infection. This study was approved by the Medical Research Ethics Committee of the Affiliated
Hospital of Jining Medical College (No 2022-09-C002), and the requirement for informed consent was waived due to the use of
de-identified data. This study was conducted in accordance with the Declaration of Helsinki (2008 version). The definition of PJI
was based on the 2018 International Consensus Meeting (ICM) criteria'> (Table 1).
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Table | The Evidence-Based Definition for Periprosthetic Joint Infection

Diagnosis Criteria Score | Decision
Major criteria |.Two positive cultures with the same - Infected
organisms

2.A sinus tract communicating with the joint -

Minor criteria | .Elevated serum CRP or D-Dimer 2 26 infected
2-5 possibly
2.Elevated serum ESR | .
infected
3.Elevated synovial WBC or LE 3 0-I not infected
4.Positive alpha-defensin 3
5.Elevated synovial PMN (%) 2
6.Elevated synovial CRP |
Inconclusive pro- op score or dry tap | |.Preoperative score - 26 infected
2 Positive histol 3 4-5 Inconclusive
. i i
osteive histology <3 not infected
3.Positive purulence 3
4.Sing positive culture 2

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; LE, leukocyte; PMN (%),
Polymorphonuclear Neutrophils (%).

Inclusion and Exclusion Criteria

Inclusion criteria: a. Patients diagnosed with chronic PJI or aseptic loosening (AL) according to the 2018 International
Consensus Meeting (ICM) criteria. b. Patients who underwent hip or knee revision surgery at our institution. ¢c. Complete
patient records. Exclusion criteria: a. Inflammation-related diseases, including rheumatoid arthritis, systemic lupus
erythematosus, ankylosing spondylitis, etc. b. Periprosthetic fractures, dislocations, prosthetic fractures, resulting revi-
sions. ¢. Severe hepatic and renal insufficiency or malignant tumors. d. Insufficient data on serum markers. e. Suffering
from other infectious diseases, such as pneumonia, patients with superficial infections, urinary tract infections.

Data Extraction

All patients who required revision TKA or THA had their detailed baseline characteristics (gender, age, body mass index, affected
joint), treatment history, clinical symptoms, diagnosis, past medical history, surgical treatment, antibiotic treatment, and
preoperative laboratory serum biomarker levels (WBC, ESR, CRP, ALB, PLT, MPV) recorded from the electronic medical
record database of our unit. Fasting venous blood samples were collected from all patients on the day after admission and sent to
our hospital’s laboratory within 2 hours for complete blood count and coagulation tests. The results of the blood sample tests were
recorded, and the PMR was calculated as a ratio index for diagnosing PJI. All data included were compared between PJI and AL
groups. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), diagnostic odds ratio
(DOR), and other parameters were analyzed by constructing receiver operating characteristic (ROC) curves and calculating the
area under the curve (AUC) to evaluate the diagnostic value of PMR. The diagnostic performance of PMR was compared
quantitatively with traditional biomarkers ESR and CRP to determine whether this ratio model can improve the accuracy and
reliability of PJI diagnosis.

Statistical Analysis

SPSS 27.0 software and R software were used for data entry and statistical analysis. Categorical variables were expressed as
frequencies and percentages, and differences in categorical variables were evaluated using chi-square tests and Fisher’s exact tests.
Continuous variables were expressed as means and standard deviations. Quantitative data were evaluated using Mann—Whitney
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U-tests (if the data were skewed or the variances were unequal) and independent sample t-tests (if the data were normally
distributed). The clinical characteristics of the PJI group and AL group were compared using independent sample t-tests or chi-
square tests. Differences were considered statistically significant at P < 0.05. The relationship between biomarkers and PJI was
evaluated using Mann—Whitney U-tests and multivariate logistic regression (forward likelihood ratio method). Covariates such as
surgical joint, age, gender, and BMI were included in the multivariate model to adjust for confounding effects.

Results

Population Characteristics

A total of 253 patients were included and divided into two groups according to the 2018 International Consensus Meeting
(ICM) criteria: 1) PJI group, consisting of 116 patients diagnosed with PJI based on the standard criteria; and 2) AL
group, consisting of 137 patients who underwent revision THA due to aseptic complications. (Figure 1) Demographic
data were normally distributed, and there were no statistically significant differences in baseline characteristics such as
age and gender between the study cohorts. The differences in the levels of ESR, CRP, PLT, MPV, and PMR between the
two groups were compared. In the PJI group, an increase in the average levels of PLT and PMR ratio and a decrease in
the average level of MPV were observed. The proportion of patients with knee joint problems was higher than that in the
AL group (75 (64.7%) > 22 (16.1%)), and the differences were statistically significant (all P <0.05). (See Table 2 for the
differences in patient characteristics and biomarker levels.) At the same time, we compared the diagnostic ability of the
biomarkers ESR, CRP, and PMR, and calculated the best cut-off value, sensitivity, specificity, PPV, and NPV for each
biomarker based on the Youden index (Table 3), using the area under the ROC curve. In addition, to further improve
sensitivity and specificity, we combined traditional biomarkers into a predictive model, including blood indicators (ESR
and CRP) and the ratio indicator PMR, to evaluate their diagnostic value in predicting PJI. When PMR was combined
with ESR and CRP for detection, the AUC increased from 0.752 to 0.910. (Figure 2) The sensitivity, specificity, PPV, and
NPV of the new combination were 84.5%, 84.7%, 75.0%, and 60.98%, respectively. Compared with using PMR, CRP,
and ESR alone, the combined use of ratio biomarkers showed good diagnostic value (P <0.001).

288 revision arthroplasty were / \
prospectively included between Excluding 35 cases:
01/2013-01/2023 1. Dislocation 2 cases:

2. Superficial incision infection 1

case:

\4

3. Incision fat liquefaction 1 case;

v 4. Ankylosing spondylitis 2 cases

and rheumatoid arthritis 11 cases;

253 revision patients were included in < i
5. Osteosarcoma 1 case.

this study Q Lost key date 17 cases. /

A\ 4 v

PJI group AL group
(n=116) (n=137)

Figure | The flow diagram of study enroliment.
Abbreviations: PJR, periprosthetic joint infection; AL, aseptic loosening.

7158  nes Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

Table 2 Patient Demographics and Biomarker Values

PJI Group AR Group p-value
Number 116 (46%) 137 (54%)
Age (years) 65.23x11.85 (22-88) 64.77+9.91 (26-86) 0.738
Gender Male/Female 58 (50%) /58 (50%) 58 (42.3%) 179 (57.7%) 0.224
BMI (kg/m?) 25.64+5.87 (15.94-67.09) 25.71+4.31 (16.87-53.00) 0.469
Affected joint <0.001
Knee 75 (64.7%) 22 (16.1%)
Hip 41 (35.3%) 115 (83.9%)
Location <0.001
Left 51 (44%) 75 (54.7%)
Right 65 (56%) 62 (45.3%)
ESR (mm/h) 54.76+31.97 21.06+19.95 <0.001
CRP (mg/L) 56.21+60.01 6.83x11.26 <0.001
PLT (10°/L) 320.15+117.42 (5.6-820.0) 244.37+75.44 (60-608) <0.001
MPYV (fl) 8.80+1.19 (5.6-12.4) 9.81+1.40 (6.8-15.5) <0.001
PMR 37.54x16.67 25.80+9.91 <0.001

Abbreviations: BMI, Body Mass Index; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; PLT, blood platelet;
MPV, Mean Platelet Volume; PMR, Platelet count /mean platelet volume.

Table 3 Receiving Operating Characteristic Curve (ROC) Analysis of Serum Biomarkers in the Diagnosis of Periprosthetic Joint

Infection
Biomarkers AUC Sensitivity | Specificity | Youden’s Optimal PPV NPV DOR PLR NLR
Index Cutoff Value (%) (%)
ESR 0.825; (95% Cl:0.773-0.876) | 69.0 847 0.536 36.50 82.42 74.69 13.83 5.54 0.40
CRP 0.900; (95% Cl:0.861-0.936) | 82.8 86.9 0.696 10.95 94.52 73.89 48.81 20.37 0.42
PMR 0.752; (95% Cl:0.690-0.814) | 79.3 68.6 0.479 27.80 68.27 69.80 497 2.54 0.51
ESR+CRP+PMR | 0.910; (95% Cl:0.873-0.947) | 84.5 847 0.692 36.00 75.00 60.98 4.69 3.54 0.76

Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; PMR, Platelet count /mean platelet volume; AUC, area under the curve; PPV, Positive
Predictive Value; NPV, Negative Predictive Value; DOR, diagnostic odds ratio; PLR, Positive likelihood ratio; NLR, Negative likelihood ratio.

Discussion

Periprosthetic joint infection (PJI) is one of the most serious complications after joint replacement surgery. Considering the
negative impact of PJI, early diagnosis and treatment are crucial. Recent studies have shown that new biomarkers such as
leukocyte esterase (LE), calprotectin, procalcitonin, a-defensin, and next-generation sequencing show promising diagnostic
performance, but these tests are expensive, require specialized equipment, cannot be implemented in all institutions, and cannot
serve as a single gold standard for diagnosing PJI.'® The use of other diagnostic criteria such as Synovial fluid examination,
clinical examination, intraoperative tissue examination, and culture can significantly improve diagnostic accuracy, but many of
these procedures are time-consuming, expensive, and invasive. Therefore, finding reliable, accurate, and convenient potential
biomarkers for diagnosing PJI is key to preoperative diagnosis and developing appropriate treatment plans. In most institutions,
some important systemic parameters can be obtained through blood tests, including ESR, CRP, monocyte count, neutrophil count,
lymphocyte count, platelet count, and mean platelet volume (MPV). These biomarkers have relatively low invasiveness, short
turnover time, high throughput, moderate complexity, low cost, and ready availability, providing a new potential method for many
clinicians to consider obtaining more accurate information for diagnosing PJI through single testing. PLT/MPYV, as a ratio index,
combines two indicators to obtain additional information during routine testing. In theory, its repeatability and accuracy should be
better than that of a single biomarker. As a combined ratio index, platelet-to-mean platelet volume ratio (PLT/MPV) allows for the
synergistic analysis of two conventional serum biomarkers to obtain additional information without incurring extra costs. The
repeatability and accuracy of PLT/MPV are superior to those of single biomarkers, thereby further improving diagnostic accuracy.
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Figure 2 The ROC curves of PMR, ESR, CRP for the diagnosis of PJI.

In our study, we evaluated the baseline characteristics of 253 patients and compared the levels of ESR, CRP, and PML
biomarkers between the PJI and AL groups. We then assessed the diagnostic performance of each indicator by drawing
ROC curves and calculating sensitivity, specificity, and the Youden index. We found that the diagnostic performance of
PMR (AUC=0.752) was significantly lower than that of ESR (AUC=0.825) and CRP (AUC=0.900), with lower
sensitivity (79.3%) and specificity (68.6%) than ESR and CRP, confirming that PMR has a lower practical value than
ESR and CRP in the diagnosis of PJI. However, an AUC > 0.7 indicates that it has some role, and combining ESR and
CRP increased the AUC from 0.752 to 0.910, with both sensitivity and specificity above 80%, demonstrating excellent
diagnostic performance.

Although ratios or combined biomarkers have potential diagnostic value for PJI, the number of studies on this
topic is still limited. Through the analysis of previous studies on PMR, it was found that the conclusions on the
diagnostic efficacy of PJI were controversial (Table 4), possibly due to limitations in the validation of ratio or
combined indicators. First, most studies are retrospective, and all retrospective study designs are subject to
inherent limitations, including reporting and recall biases, which can lead to selection bias. Second, peripheral
blood ratio biomarkers are influenced not only by bacterial species but also by other factors such as medication
use, disease status, age, and some unobserved comorbidities. Third, different diagnostic criteria for excluding
PJI, small sample sizes, and different cutoff values proposed for each parameter may lead to heterogeneity
between some of the evaluated results, which may alter the ability of these diagnostic tools to differentiate
between infectious and aseptic loosening and thus change their accuracy. Fourth, the use of ratios or combined
indicators increases the computational burden, which may be cumbersome.

The PMR ratio combines two pathological and physiological indicators, PLT and MPV, which are associated
with inflammation or infection, but its diagnostic performance is significantly lower than that of established
serum parameters such as ESR and CRP, and cannot be used as an independent diagnostic indicator for PJI.
However, PMR as a novel inexpensive, rapid, minimally invasive serological ratio marker has been found to
have higher diagnostic efficacy when combined with other inflammatory markers as a new diagnostic combina-
tion. Ratios or combined diagnostic indicators may have become new benchmarks for diagnosing PJI. In the
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Table 4 Characteristics of Previous Studies on PMR Diagnosis

Category Combination Sensitivity | Specificity | AUC Cutoff Reference
Value (mg/L)

Coagulation-related biomarkers | PMR 84.1% 80.8% 0.69 31.70 [
PMR 75.9% 78.8% 0.776 35.30 [14]
PMR 55.0% 81.0% 0.686 31.70 [13]
PMR 72.0% 77.0% 0.70 31.70 [17]
PMR 74.0% 34.8% 0.590 21.98 [18]
PMR 86.39% 75.46% 0.860 27.80 [12]
PMR 62.50% 80.19% 0.751 27.57 [19]
PMR 68.33% 79.80% 0.792 23.42 [20]
PMR+ESR+CRP 93.2% 89.0% 0.8768 31.70 [
PMR+ESR+CRP 80.2% 82.1% 0.877 31.70 [20]
Fibrinogen+MLR+PMR | 84.2% 86.4% 0.923 2342 [20]

Abbreviations: PMR, Platelet count /mean platelet volume; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; MLR, monocyte/lymphocyte ratio.

future, through sequential or parallel trials, these ratio markers can be incorporated into diagnostic algorithms
with other indicators, and further large-scale, prospective, multicenter studies can refine research results.
Therefore, by selecting appropriate indicators for ratio or combination can increase the sensitivity and specificity
of diagnostic tests, assisting physicians in early identification or exclusion of PJI and improving clinical
diagnostic performance.

Conclusion

Based on the above results and analysis, the diagnostic performance of PMR is significantly lower than that of
ESR and CRP, so it is not a perfect detection index in the diagnosis of PJI. However, it can be used as an
auxiliary diagnostic indicator, combined with other serological indicators such as ESR and CRP, to improve the
diagnostic accuracy of PJI.

Abbreviations

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; LE, leukocyte; PMN (%);
Polymorphonuclear Neutrophils (%); BMI, Body Mass Index; PLT, blood platelet; MPV, Mean Platelet Volume;
PMR, Platelet count /mean platelet volume; AUC, area under the curve; PPV, Positive Predictive Value; NPV,
Negative Predictive Value; DOR, diagnostic odds ratio; PLR, Positive likelihood ratio; NLR, Negative likelihood
ratio;, MLR, monocyte/lymphocyte ratio.
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