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Abstract

Introduction — Assess the feasibility of utilizing the ratio
of blood inflammation to coagulation markers as a poten-
tial periprosthetic joint infection (PJI) diagnostic tool.
Materials and methods — A retrospective analysis was
conducted, involving 133 PJI and 93 aseptic loosening patients.
Levels of C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), platelet count, mean platelet volume, fibrinogen,
D-dimer, and ratios of CRP to fibrinogen, ESR to fibrinogen,
platelet count and mean platelet volume ratio (PC/MPV), and
D-dimer were compared. Receiver operating characteristic
curves and Youden’s index were employed to assess the
diagnostic efficacy of these biomarkers.

Results — PJI patients had significantly higher levels of
CRP, ESR, PC/MPV ratio, fibrinogen, D-dimer, CRP/(PC/MPV)
ratio (CPR), CRP/D-dimer, CRP/fibrinogen (CFR), ESR/(PC/
MPV) ratio, ESR/D-dimer, and ESR/fibrinogen. Area under
the curve (AUC) values for fibrinogen, CRP, and ESR in diag-
nosing PJI were comparable. AUC values for CPR and CFR
were akin to those of ESR. AUC values for combined CRP and
CPR, combined CRP and fibrinogen, combined CRP and CFR,
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and combined ESR and fibrinogen in diagnosing PJI were
akin to that of combined CRP and ESR.

Conclusions — Fibrinogen, CPR, CFR, combined CRP and
CPR, combined CRP and fibrinogen, combined CRP and
CFR, and combined ESR and fibrinogen could be consid-
ered as new adjunct markers for diagnosing PJI.

Keywords: periprosthetic joint infection, D-dimer, fibri-
nogen, platelet count and mean platelet volume ratio (PC/
MPV), fibrinogen, ratio

1 Introduction

While C-reactive protein (CRP) and erythrocyte sedimen-
tation rate (ESR) are commonly recommended blood
inflammation markers for diagnosing periprosthetic joint
infection (PJI) according to several PJI diagnosis guidelines
[1-5], their performance may be suboptimal in certain
situations, such as in cases of low-grade virulence or
chronic PJI [6]. Thus, the search for new adjunct markers
for PJI diagnosis remains a critical focus in current ortho-
pedic research [7-11]. Building on the coagulation and
inflammation theory [12], various authors have investi-
gated the roles of commonly used coagulation markers,
such as D-dimer [7], fibrin degradation product (FDP)
[13], platelet count and mean platelet volume ratio (PC/
MPV) [14], and fibrinogen [8,15,16] in PJI diagnosis over
the past few years. However, the significance of D-dimer
and PC/MPV ratio in PJI diagnosis remains a topic of debate
[14,17-19]. While individual inflammation or coagulation
markers may contribute to PJI diagnosis, the utility of the
ratio of inflammation to coagulation markers for this
purpose has been underexplored [20]. Understanding the
precise value of the ratio of inflammation to coagulation
markers in PJI diagnosis may offer additional adjunct mar-
kers for PJI diagnosis. This study aims to: (1) evaluate the
utility of traditional inflammation or coagulation markers
in PJI diagnosis when used individually; (2) assess the sig-
nificance of the ratio of inflammation to coagulation
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markers in PJI diagnosis; and (3) appraise the value of
combined inflammation and the ratio of inflammation to
coagulation markers in PJI diagnosis.

2 Materials and methods

2.1 Study design and settings

The retrospective study design consisted of patients diag-
nosed with PJI and aseptic loosening at our department
from January 2017 to December 2022. This retrospective
study received approval from the Ethics Board of Henan
Provincial People’s Hospital and adhered to the principles
of the Declaration of Helsinki. Given the retrospective
design of the study, the requirement for informed consent
was waived by the Ethics Board of Henan Provincial
People’s Hospital.

2.2 Study protocol

After the ethics committee approval was received, the data
on the hospital’s data network were retrospectively exam-
ined for patients diagnosed with PJI and aseptic loosening.
Clinical data, including sex, age, duration of follow-up, type
of affected joints, preoperative CRP, ESR, D-dimer, PC/MPV
ratio, fibrinogen, CRP/D-dimer (CDR), CRP/(PC/MPV) ratio
(CPR), CFR (CRP/fibrinogen), ESR/D-dimer (EDR), ESR/(PC/
MPV) ratio (EPR), and ESR/fibrinogen (EFR) levels, were
evaluated.

The exclusion criteria were defined as follows: (1) pre-
sence of visible ecchymosis; (2) history of recent dislocation
or trauma (within 2 weeks); (3) presence of hematoma or
any type of skin ulcer; (4) history of hypercoagulation dis-
order; (5) presence of a prosthetic heart valve; (6) diagnosis
of a systemic inflammatory disease; and (7) history of
tumor. Detailed information on these exclusion criteria
can be found in our previously published paper [17].

PJI was defined in accordance with the criteria set
forth by the Musculoskeletal Infection Society (MSIS) [21].
Aseptic loosening was defined based on the following cri-
teria: (1) presence of thigh or hip region pain and knee pain;
(2) radiological evidence of loosening (such as disintegration
of prosthesis components with the bone, displacement of
prosthesis components, or circumferential radiolucent
line); and (3) absence of criteria indicative of PJI.
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2.3 Data analysis

Quantitative data were presented as mean + standard
deviation, and comparisons between multiple groups were
conducted using a single-factor analysis of variance. The
Student-Newman-Keuls test was employed for normally
distributed data, while Tamhane’s T2 test was utilized for
non-normally distributed data when comparing two means.
The chi-square test (y*) was used for comparing categorical
data among groups. Statistical significance was set at P <
0.05. Statistical analyses were performed using IBM SPSS
Statistics version 19 (IBM SPSS Software).

The performance of CRP, ESR, D-dimer, PC/MPV ratio,
fibrinogen, CDR, CPR, CFR, EDR, EPR, EFR, as well as com-
binations of CRP or ESR with CDR, CPR, CFR, EDR, EPR, or
EFR, was evaluated through receiver operating character-
istic (ROC) analyses using MedCalc 19.0.4 (MedCalc Software,
Ostend, Belgium). Parameters such as sensitivity, specificity,
and the area under the curve (AUC) were assessed, with an
AUC of >0.7 considered acceptable. Optimal thresholds were
determined using Youden’s index. DeLong’s test was used to
compare the AUC of different markers in PJI diagnosis.

Informed consent: Given the retrospective nature of the
study and the use of de-identified patient data, the require-
ment for informed consent was waived by the Ethics Board
of Henan Provincial People’s Hospital. The study was con-
ducted in accordance with the ethical standards of the
Declaration of Helsinki and its later amendments.

Ethics approval: This retrospective study was approved by
the Ethics Board of Henan Provincial People’s Hospital.

3 Results

3.1 Demographic characteristics of the
enrolled patients

A total of 286 patients presenting with PJI or aseptic
loosening at our department between January 2017 and
December 2022 were included in this retrospective study.
Fifteen cases were excluded due to incomplete demo-
graphic, clinical information, and laboratory results. Two
cases were excluded due to a recent history of dislocation
or trauma (within 2 weeks), while 6 cases were excluded due to
a history of hypercoagulation disorder. Three cases were
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excluded due to visible ecchymosis, hematoma, or skin ulcer,
and 18 cases were excluded due to a history of systemic inflam-
matory disease. Additionally, eight cases were excluded due to
the presence of a prosthetic heart valve, six cases due to inter-
rupted follow-up, and two cases due to primary joint arthro-
plasty for bone tumor disease. Ultimately, 226 patients met the
inclusion and exclusion criteria for this study (Figure 1). All
patients were followed up for at least 2 years. The patients’
demographic details were recorded in an electronic database
(Table 1). There was no significant difference when compared
with the sex, age, and duration of follow-up between patients
from the two groups, while there was a significant difference
when compared with the type of affected joints between
patients from the two groups.

3.2 Value of fibrinogen, D-dimer, PC/MPV
ratio, CPR, CDR, CFR, EPR, EDR, and EFR in
PJI diagnosis

In the initial analysis, levels of CRP, ESR, PC/MPV ratio,
fibrinogen, D-dimer, CPR, CDR, CFR, EPR, EDR, and EFR
were compared between patients in the two groups. As
depicted in Table 2, the PJI group exhibited significantly
elevated levels of CRP, ESR, PC/MPV ratio, fibrinogen,
D-dimer, CPR, CDR, CFR, EPR, EDR, and EFR compared to
the aseptic loosening group. Tables 3 and 4 and Figure 2
illustrate that fibrinogen demonstrated diagnostic perfor-
mance comparable to CRP and ESR in PJI diagnosis. More-
over, CPR and CFR exhibited diagnostic performance lower
than CRP but similar to ESR in PJI diagnosis. These findings

Patients with PJI or aseptic
loosening were retrospectively
analyzed (n=286)
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Table 1: Demographic characteristics of the enrolled patients

Parameters PJI Aseptic loosening  p-value
(n=133) (n=93)

Sex, n (%) 0.181*

Male 59 (44.36) 33 (35.48)

Female 74 (55.64) 60 (64.52)

Affected joints, n (%) <0.001*

Knee 68 (51.13) 19 (20.43)

Hip 65 (48.87) 74 (79.57)

Mean age, years (SD) 64.74 65.94 (9.63) 0.4271
(12.09)

Duration of follow-up, 51.67 49.57 (16.38) 0.3101

months (SD) (14.33)

*Chi-squared test.
tIndependent-samples t-test.

suggest that fibrinogen, CPR, and CFR could serve as supple-
mentary markers for aiding in the diagnosis of PJL

3.3 Performance of combine CRP or ESR with
fibrinogen, CPR, or CFR in PJI diagnosis

While CRP and ESR are commonly recommended for PJI
diagnosis based on the MSIS criteria [21] and the guidelines
from the Infectious Diseases Society of America [22], our
study suggests that fibrinogen, CPR, and CFR could also be
valuable markers for diagnosing PJI. However, not all
patients may have complete data available for all these
inflammation and coagulation markers at the time of sus-
pected PJI presentation. Therefore, we propose the use of

Patients were excluded:

» Joint dislocation or trauma (n=2)

* Hyper-coagulation disorder(n=6)

* Ecchymosis and hematoma or skin
ulcer (n=3)

A 4

patients included the cohort
(n=226)

. :

Follow-up interruption (n=6)
Inflammation disease (n=18)
Prosthetic heart valve (n=8)
Bone tumor disease (n=2)
Missing Data (n=15)

PJI group

(n=133) (n=93)

Aseptic loosening group

Figure 1: Flow diagram of included patients.
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Table 2: Comparison of inflammation, coagulation, ratio of inflamma-
tion, and coagulation markers between patients from the two groups

Parameters  PJI group Aseptic loosening p-value
group
CRP 36.76 4.85 £ 8.65mg/L <0.001"
41.89 mg/L
ESR 57.62 + 22.08 £19.84 mm/h  <0.0017
30.97 mm/h
PC/MPV ratio  31.95 + 15.59 24.41 £ 9.57 <0.001"
Fibrinogen 4.90 £ 1.66 pg/L 3.21+ 0.86 ug/L <0.001"
D-dimer 228 +2.53 g/l 1.26 + 1.30 pg/L <0.001"
CPR Sum of rank Sum of rank 6,174 <0.001%
19,477
Mean rank 46.44  Mean rank 66.39
CDR 28.19 + 47.07 6.35 + 20.61 <0.001"
CFR 6.77 + 6.66 1.30 £ 2.13 <0.001"
EPR Sum of rank Sum of rank 6,941 <0.001"
18,710
Mean rank 140.68 Mean rank 74.63
EDR 45.32 + 39.20 25.57 + 24.83 <0.001"
EFR 11.45 £ 511 6.24 + 4.50 <0.001"

*Independent-samples t-test.
#Mann-Whitney U test.

combined CRP or ESR with fibrinogen, CPR, or CFR for PJI
diagnosis in cases where all coagulation markers or both
CRP and ESR results are not available. Utilizing the ROC
curve and AUC, we determined the optimal threshold
values, specificity, and sensitivity of these combined mar-
kers in PJI diagnosis. As demonstrated in Tables 5 and 6
and Figure 3, the diagnostic performance of combining CRP
with CPR, fibrinogen, or CFR, as well as combining ESR
with fibrinogen, was comparable to that of combining
CRP with ESR. These findings support the use of combined
CRP and CPR, combined CRP and fibrinogen, combined CRP

Table 3: The diagnostic performance of different markers in PJI diagnosis
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and CFR, and combined ESR and fibrinogen for diag-
nosing PJL

4 Discussion

While traditional inflammation markers such as CRP and
ESR are commonly utilized for PJI diagnosis, and individual
blood coagulation markers like D-dimer, PC/MPV ratio, and
fibrinogen have shown promise in identifying PJI, accurately
diagnosing PJI based solely on limited inflammation or coa-
gulation markers during the initial consultation remains chal-
lenging. Enhancing PJI diagnostic precision with restricted
inflammation or coagulation data necessitates further inves-
tigation. In our study, we not only established the utility of
fibrinogen, CPR, and CFR as standalone markers for PJI diag-
nosis but also proposed that combining CRP with fibrinogen,
CFR, or ESR could serve as novel auxiliary markers for enhan-
cing PJI diagnosis accuracy.

Since Shahi et al. first highlighted the potential of
D-dimer as a blood coagulation marker for diagnosing PJI
in 2017 [7], there has been a surge of studies investigating
the role of coagulation markers in PJI diagnosis over the
past five years. While the significance of fibrinogen and
FDP in PJI diagnosis has been widely acknowledged across
various studies [8,13,15,16],the utility of D-dimer and PC/
MPV ratio in PJI diagnosis remains a topic of debate
[14,17,18,23-26]. In our study, we conducted a comparative
analysis of D-dimer, PC/MPV ratio, and fibrinogen in PJI
diagnosis against CRP and ESR. Our findings revealed that
the AUC of fibrinogen in PJI diagnosis was comparable to that
of CRP and ESR, whereas the AUC of D-dimer and PC/MPV
ratio in PJI diagnosis was lower than that of CRP and ESR.

AUC 95% confidence Associated Youden Sensitivity Specificity (%) Significance level
interval criterion index J (%) p (area = 0.5)
CRP 0.876 0.826-0.916 >5.73 0.6238 84.96 77.42 <0.0001
ESR 0.844 0.790-0.889 >32.00 0.5637 78.95 74.42 <0.0001
PC/MPV ratio 0.652 0.586-0.714 >26.77 0.2736 56.39 70.97 <0.0001
Fibrinogen 0.857 0.805-0.900 >4.15 0.5906 75.19 83.87 <0.0001
D-dimer 0.682 0.617-0.743 >1.26 0.3327 60.15 73.12 <0.0001
CPR 0.854 0.801-0.898 >0.29 0.5874 75.94 82.80 <0.0001
CDR 0.827 0.771-0.874 >4.00 0.5819 79.70 78.49 <0.0001
CFR 0.858 0.806-0.901 >1.70 0.6185 81.20 80.65 <0.0001
EPR 0.792 0.733-0.843 >0.97 0.4422 79.70 64.52 <0.0001
EDR 0.688 0.624-0.748 >25.71 0.3295 60.90 72.04 <0.0001
EFR 0.788 0.729-0.839 >5.90 0.4829 90.23 58.06 <0.0001
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Table 4: Comparison of ROC curves among different markers in PJI diagnosis

ESR PC/MPV ratio Fibrinogen D-dimer CPR CDR CFR EPR EDR EFR
CRP P=0.2106 P < 0.0001 P=0.3829 P<0.0001 P=0.0075 P=0.0011 P=0.0014 P=0.0054 P<0.0001 P=0.0059
ESR — P < 0.0001 P=0.4987 P<0.0001 P=07280 P=0.5510 P=0.6272 P=0.0032 P<0.0001 P <0.0001
PC/MPV ratio P =0.0014 — P<0.0001 P=05512 P<0.0001 P<0.0001 P<0.0001 P=0.4437 P=0.0010 P =0.0054
Fibrinogen — — — P <0.0001 P=0.9056 P=0.2255 P=0.9724 P=0.0173 P<0.0001 P=0.0180
D-dimer — — — — P <0.0001 P=0.0037 P<0.0001 P=0.0076 P=0.9244 P =0.0096
CPR — — — — — P=01753 P=0.8869 P=0.139 P=0.0002 P=0.1379
CDR P=0.5587 — — — — — P=0.0569 P=0.3143 P<0.0001 P=0.2842
CFR P=07815 — — — — — — P =0.0434 P <0.0001 P=0.0407
EPR — — — — — — — — P=10.0016 P =0.8160
EDR — — — — — — — — — P =0.0025
EFR — — — — — — — — — —
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Figure 2: ROC curve of CRP, ESR, fibrinogen, and ratio of inflammation to coagulation markers in PJI diagnosis.

These results suggest that fibrinogen could serve as a valuable
new auxiliary marker for PJI diagnosis, while D-dimer and
PC/MPV ratio may not be as effective in this regard.
Diagnosing PJI accurately can be challenging when
patients with suspected PJI exhibit limited inflammation

or coagulation markers. While individual inflammation
or coagulation markers can aid in PJI diagnosis, the poten-
tial of the inflammation-to-coagulation marker ratio or
combining CRP or ESR with fibrinogen, CPR, CDR, or CFR
for PJI diagnosis remains underexplored [20]. In this study,

Table 5: Performance of combined CRP or ESR with fibrinogen, CPR or CFR in PJI diagnosis

AUC  95% confidence interval Youden index J

Sensitivity (%) Specificity (%) Significance level P (Area = 0.5)

CRP + ESR 0.887 0.838-0.925 0.6271
CRP + CPR 0.877 0.826-0.916 0.6238
CRP + fibrinogen 0.884 0.835-0.923 0.6572
CRP + CFR 0.886 0.838-0.925 0.6368

ESR+ fibrinogen  0.867  0.815-0.908 0.6077

76.69 86.02 <0.0001
84.96 74.42 <0.0001
79.70 86.02 <0.0001
81.95 81.72 <0.0001
81.20 79.57 <0.0001
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Table 6: Comparison of ROC curves among different markers in PJI diagnosis

CRP + CPR CRP + fibrinogen CRP + CFR ESR + FIB
CRP + ESR P=10.3819 P =10.8175 P =0.9797 P =10.1206
CRP + CPR — P =0.5402 P=0.1313 P =10.6338
CRP + fibrinogen — — P =0.8199 P =0.1448
CRP + CFR — — — P =0.2542

ESR + fibrinogen

100

80

> 60
=
.'5
@
@ 40
i —— CRP+ESR
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i o —— CRP+Fibrinogen
S S R R o CRP+CFR
L --.- ESR+Fibrinogen
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Figure 3: ROC curve of combined CRP or ESR with fibrinogen, CPR, or CFR
in P)I diagnosis.

we discovered that the performance of CPR and CFR in PJI
diagnosis was similar to that of ESR, and CPR and CFR can
be used as new auxiliary markers for PJI diagnosis. Then,
we found that AUC of combined CRP and CPR, combined

CRP and FIB, combined CRP and CDR, combined CRP and
CFR, combined ESR and fibrinogen in PJI diagnosis were
similar with combined CRP and ESR in PJI diagnosis, com-
bined CRP and CPR, combined CRP and FIB, combined CRP
and CDR, combined CRP and CFR, combined ESR and fibri-
nogen can be used as for PJI diagnosis.

5 Study limitations

However, our study has several limitations: (1) being retro-
spective, it may be subject to inherent recall and reporting
biases; (2) being single-center, a multicenter study would
be beneficial to validate our findings; (3) exclusion criteria
such as visible ecchymosis, recent dislocation or trauma,
hematoma, hypercoagulation disorder, prosthetic heart
valve, systemic inflammatory disease, and tumor may
have limited the generalizability of our conclusions; (4) the
sample size of 226 patients in our study is relatively small,
warranting further investigation with a larger cohort; and (5)
this study proposes a methodology based on statistical ana-
lysis to further evaluate clinical data with the aim of pro-
viding new insights into the diagnosis of PJI. However, we
recognize that the application of these methods requires
some statistical background and skills, which may pose a

Performance of CPR, ESR, Fibrinogen, ratio of inflammation to Performance of combined inflammation and the ratio of inflammation to
coagulation markers in PJI diagnosis when used individually coagulation markers in PJI diagnosis

AUC Sensitivity(%) Specificity(%) AUC Sensitivity(%) Specificity(%)

CRP>5.73 0.876 84.96 77.42
CRP+ESR 0.887 76.69 86.02

ESR>32.00 0.844 78.95 74.42
CRP+CPR 0.877 84.96 74.42

SRt 0.857 75.19 83.87
CRP+ Fibrinogen 0.884 79.70 86.02

CPR>0.29 0.854 75.94 $2.80
CRP+CFR 0.886 81.95 81.72

CDR>4.00 0.827 79.70 78.49
CFR>1.70 0.858 81.20 20.65 ESR+ Fibrinogen 0.867 81.20 79.57

Figure 4: Graphical representation of different markers in PJI diagnosis.
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challenge to some clinicians. While our methods are theore-
tically innovative and potentially clinically applicable, they
may encounter operational complexity in practical applica-
tion. Therefore, exploring collaboration with experts in the
fields of computer science and biostatistics in future studies
to develop an algorithm and corresponding application that
can accurately predict the probability of a PJI diagnosis would
greatly improve diagnostic accuracy and provide clinicians
with stronger decision support.

6 Conclusions

In this study, our findings suggest the following: 1, fibri-
nogen, CPR, and CFR can be utilized individually for PJI
diagnosis; 2, combined CRP and CPR, combined CRP and
fibrinogen, combined CRP and CFR, as well as combined
ESR and fibrinogen, demonstrate potential as novel aux-
iliary indicators for PJI diagnosis (Figure 4). Fibrinogen, CPR,
CFR, combined CRP and CPR, combined CRP and fibrinogen,
combined CRP and CDR (CRP/D-dimer), combined CRP and
CFR, and combined ESR and fibrinogen are potential aux-
iliary markers that can be considered for PJI diagnosis.

Abbreviations

PJI periprosthetic joint infection

CRP C-reactive protein

ESR erythrocyte sedimentation rate

PC/MPV  platelet count and mean platelet volume ratio
FDP fibrin degradation products
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