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joint infection after total knee arthroplasty

Volkan Buyukarslan, MD'®, Aliekber Yapar, MD2(, Dilek Yapar, MD3®, Erdem Aras Sezgin, MD*

'Department of Orthopedics and Traumatology, Cine State Hospital, Aydin, Tirkiye

2Department of Orthopedics and Traumatology, Akdeniz University Faculty of Medicine, Antalya, Tirkiye
3Akdeniz University, Institute of Health Science, Medical Informatics, Antalya, Tirkiye

“‘Department of Orthopedics and Traumatology, Gazi University Faculty of Medicine, Ankara, Tlrkiye

Periprosthetic joint infection (PJI) remains a serious ABSTRACT
complication after total knee arthroplasty (TKA),
with an incidence of 0.5 to 2%.0"3 It represents one
of the leading indications for revision arthroplasty.

Objectives: This study aims to evaluate the predictive value of
preoperative inflammatory and immunonutritional indices for early
periprosthetic joint infection (PJI) following primary total knee

It is associated with prolonged hospital stay, the arthroplasty (TKA).
need for multiple procedures, increased healthcare Patients and methods: This study included patients undergoing
costs, and a considerable negative impact on patient primary TKA between January 2011 and December 2024 in

a retrospective case-control design. Patients who developed PJI
within 90 days postoperatively were defined as the infection

The development of PJI is multifactorial, group (n = 64). A control group (n = 128) was selected using a

. Ivi int ti bet host i it 1:2 matching ratio based on age, sex, and body mass index (BMI).
nvolving interactions between host lmmunity, Preoperative laboratory parameters obtained within 30 days before

systemic inflammation, nutritional status, surgery were used to calculate neutrophil-to-lymphocyte ratio
microbial factors, and comorbidities.’! In recent (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte
years, interest has grown in simple laboratory ratio (MLR), systemic immune-inflammation index (SII), systemic

indi flecti .. infl inflammation response index (SIRI), pan-immune-inflammation
Indices retlecting systemic immune-inflammatory value  (PIV), prognostic nutritional index (PNI),

balance. Ratios such as the HQUtTOPhil'tO' C-reactive protein-to-albumin ratio (CAR), and C-reactive
protein-albumin-lymphocyte (CALLY) index. Demographic and
clinical variables were recorded. Receiver operating characteristic

i . (ROC) curve analysis and multivariate logistic regression were
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function and survival.H

Results: Of the patients, 54 of the patients were male and 138 were
females with a mean age of 69.4 + 8.2 (range, 37 to 86) years. Patients

Correspondence: Aliekber Yapar, MD. Akdeniz Universitesi Tip who developed PJI demonstrated significantly lower albumin and
nggltesi,OrTopedive Travmatoloji Anabilim Dali, 07070 Antalya, lymphocyte levels and higher C-reactive protein (CRP) values.
Tarkiye. NLR, MLR, SIRI, and CAR were significantly elevated, whereas
E-mail: aliekberyapar@hotmail.com PNI and CALLY were decreased in the PJI group. The ROC

analysis revealed moderate discriminative performance for most
biomarkers (area under the curve [AUC] = 0.65-0.71). Multivariate
analysis identified low albumin, low PNI, elevated CAR, and general
anesthesia as independent predictors of early PJI.

Doi: 10.52312/jdrs.2027.2948

Citation: BuyUkarslan 'V, Yapar A, Yapar D, Sezgin EA. Performance
of preoperative inflammatory and immunonutritional indices

in predicting periprosthetic joint infection after total knee Conclusion: Preoperative inflammatory and immunonutritional indices
arthroplasty. Jt Dis Relat Surg 2027;38(0):i-xi. Doi: 10.52312/ seem to be associated with early PJI following TKA, with albumin,
jdrs.2027.2948 PNI, and CAR emerging as the most consistent biomarker-based
predictors. Although their predictive performance is moderate, these
© 2027 Joint Diseases and Related Surgery. This is an open access readily available biomarkers may support risk stratification when
article published under the terms of the Creative Commons integrated into comprehensive clinical assessment models.
Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0), Keywords: C-reactive protein-to-albumin ratio, inflammatory biomarkers,

which permits non-commercial use, distribution, reproduction, and
adaptation in any medium, provided the original work is properly cited.
http://creativecommons.org/licenses/by-nc/4.0/

periprosthetic joint infection, prognostic nutritional index, risk prediction,
total knee arthroplasty.


https://orcid.org/0009-0005-3926-3419
https://orcid.org/0000-0003-2227-2173
https://orcid.org/0000-0001-7656-1152
	https://orcid.org/0000-0001-5869-6571
http://creativecommons.org/licenses/by-nc/4.0/

lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR),”’ and monocyte-to-lymphocyte ratio
(MLR),® as well as more complex indices including
the systemic immune-inflammation index (SII),*
systemic inflammation response index SIRL™ and
pan-immune-inflammation value (PIV)!! have
been investigated in various clinical settings and
shown to have potential prognostic value.l?

In addition, indices integrating inflammatory
andnutritional parameters, including the prognostic
nutritional index (PNI),!¥ C-reactive protein-to-
albumin ratio (CAR),!™ and C-reactive protein-
albumin-lymphocyte (CALLY) index,!'™ provide
a more comprehensive representation of both
systemic inflammation and immunonutritional
status. These markers may better reflect
the biological environment predisposing to
complications.' Most previous research on PJI
biomarkers has focused on parameters measured
after infection onset."”? However, identifying high-
risk patients before surgery is more clinically
relevant, as it may allow optimization of risk
factors and improved perioperative management.

Despite the growing number of proposed
inflammatory and immunonutritional biomarkers,
evidence regarding their comparative performance
in predicting PJI remains limited. Although these
indices can be readily calculated from routine
preoperative laboratory parameters without
requiring specialized testing and collectively
capture complementary dimensions of systemic
inflammation, immune response, and nutritional
status,>771%1  studies evaluating these indices
simultaneously within the same TKA population
remain limited, making it difficult to determine
their relative predictive value. In the present study,
we hypothesized that preoperative inflammatory
and immunonutritional indices could be associated
with the development of PJI following primary TKA
and could serve as useful predictors of early PJIL
We, therefore, aimed to evaluate and compare the
predictive value of these nine indices for early PJI
following primary TKA.

PATIENTS AND METHODS

This single-center, retrospective, case-control
study was conducted at Antalya Training and
Researh Hospital, Department of Orthopedics
and Traumatology between January 2011 and
December 2024. Hospital records of a total of
6,560 patients who underwent primary TKA were
reviewed. Patients who developed PJI within the
first 90 days after surgery were identified and
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included in the infected group. Patients were
included if they underwent primary TKA and had
complete preoperative clinical and laboratory data
available within 30 days before surgery. Exclusion
criteria were as follows: revision TKA, ongoing
systemic infection at the time of surgery, history of
hematological malignancy, intraoperative femoral
condyle or proximal tibial fracture resulting in
prolonged operative time, aseptic loosening,
unicompartmental knee arthroplasty, hinged
knee prosthesis, and prior high tibial osteotomy.
Patients with elevated preoperative C-reactive
protein (CRP) levels underwent additional
clinical evaluation and laboratory assessment
before surgery to exclude active systemic or local
infection. Patients with elevated preoperative
CRP levels were included after medical record
review confirmed the absence of clinical or
laboratory evidence of active infection at the
time of surgery. A total of 64 patients met the
diagnostic criteria for PJI. A control group was
selected from patients who underwent primary
TKA during the same period and did not develop
PJI postoperatively. Control patients were matched
to the infected group at a 1:2 ratio based on
age, sex, and body mass index (BMI) using a
nearest-neighbor matching approach, resulting
in a total of 128 control patients. In our study, a
1:2 matching ratio was used, as recommended
in the literature on control-to-case ratios, since
it provides a significant increase in statistical
power compared to a 1:1 design.?*? Age, sex, and
BMI were selected as matching variables, as they
are established risk factors for PJI and may also
influence inflammatory and immunonutritional
biomarkers. A written informed consent was
obtained from each participant. The study
protocol was approved by the Antalya Training
and Research Hospital Scientific Research Ethics
Committee (Date: 23.10.2025, No: 18/10). The study
was conducted in accordance with the principles of
the Declaration of Helsinki.

Diagnosis and definitions Periprosthetic joint
infection was diagnosed in accordance with the 2018
International Consensus Meeting (ICM) criteria,
based on the Musculoskeletal Infection Society
(MSIS) definition.?? All infected patients underwent
reoperation during the acute postoperative
period due to infection and were treated with
debridement, debridement with insert exchange,
or two-stage revision surgery. The diagnosis of
PJI was supported by a combination of clinical,
laboratory, microbiological, and intraoperative
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findings, including elevated preoperative CRP
and erythrocyte sedimentation rate (ESR) levels,
intraoperative purulence, and positive intraoperative
culture results.

A 90-day postoperative period was used to define
early PJI. Although no universal consensus exists
regarding the optimal definition of early PJI, the
90-day threshold has been widely adopted in studies
evaluating acute postoperative PJI, biomarker
performance, risk factors, and prediction models.
This time window is considered clinically relevant,
as it captures infections most likely related to
perioperative factors and early host responses while
remaining consistent with previous PJI research.?2!

Clinical and demographic variables

Demographic and clinical characteristics age,
sex, BMI, diabetes mellitus (DM), coronary artery
disease (CAD), hypertension (HT), cerebrovascular
disease (CVD), chronic obstructive pulmonary
disease (COPD), malignancy, hypothyroidism,
chronic kidney disease (CKD), rheumatic diseases
and American Society of Anesthesiologists (ASA)
scores were recorded and analyzed to assess their
potential confounding effects.

Laboratory data were obtained from routine
preoperative blood tests taken in 30 days prior to
surgery. The recorded parameters included serum
albumin (g/dL), CRP (mg/L), platelet count (x10°/L),
neutrophil count (x10°/L), lymphocyte count (x10°/L),
and monocyte count (x10°/L). All measurements
were obtained from the same preoperative blood
sample and analyzed using standardized laboratory
methods.

Inflammatory and immunonutritional indices

Nine inflammatory and immunonutritional
indices were calculated wusing preoperative
laboratory parameters. All indices were calculated
using values derived from the same preoperative
blood sample, in accordance with standard
formulas.[#1926281 The definitions and formulas of
the indices are presented in Table I.

These indices were selected, as they are derived
from routine preoperative laboratory testing,
have been previously associated with systemic
inflammation, immune response, and nutritional
status, and have increasingly been investigated as
potential predictors of postoperative complications
and PJI in the orthopedic literature.2171°

Statistical analysis

Statistical analysis was performed using the
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Normality was assessed by visual
methods and Kolmogorov-Smirnov and Shapiro-
Wilk tests. Continuous variables were presented
in mean + standard deviation (SD) or median
(min-max), while categorical variables were
presented in number and frequency. The Mann-
Whitney U test was used for non-normally
distributed data, and the independent samples t-test
for normally distributed data. Categorical variables
were compared using the chi-square test. Given that
several inflammation-based indices were derived
from overlapping hematological parameters, the
risk of multicollinearity was carefully assessed.
Receiver operating characteristic (ROC) curve
analysis was performed, and variables with an area
under the curve (AUC) approaching or exceeding

TABLE |

Definitions and formulas of inflammatory and immunonutritional indices
Parameter Abbreviation  Formula
Neutrophil-to-lymphocyte ratio NLR Neutrophil (x10%/L) / Lymphocyte (x10%L)
Platelet-to-lymphocyte ratio PLR Platelet (x10%L) / Lymphocyte (x10%/L)
Monocyte-to-lymphocyte ratio MLR Monocyte (x10%L) / Lymphocyte (x10%L)
Systemic immune-inflammation index Sl Platelet (x10%L) x Neutrophil (x10%L) / Lymphocyte (x10%L)
Systemic inflammation response index SIRI Neutrophil (x10%/L) x Monocyte (x10%L) / Lymphocyte (x10%/L)
Pan-immune-inflammation value PIV Platelet (x10%L) x Neutrophil (x10°/L) x Monocyte (x10%/L) /

Lymphocyte (x10%L)

Prognostic nutritional index PNI Albumin (g/dL) x 10 + 5 x Lymphocyte (x10%/L)
C-reactive protein-to-albumin ratio CAR CRP (mg/L) / Albumin (g/dL)
CALLY Index CALLY Albumin (g/dL) x Lymphocyte (x10%L) / CRP (mg/L)

CRP, C-reactive protein; Albumin values were recorded in g/dL. For the calculation of the Prognostic Nutritional Index, albumin values were converted to g/L by

multiplying by 10; CALLY, C-reactive protein-albumin-lymphocyte.




0.70 were selected for further evaluation. The
AUC values were interpreted as follows: 0.9-1.0
as excellent, 0.8-0.9 as good, 0.7-0.8 as fair, 0.6-
0.7 as poor, and 0.5-0.6 as failed.”® The optimal
cut-off value was determined using the Youden
index (sensitivity+specificity-1). To identify
independent predictors of PJI, multivariate logistic
regression analysis was performed. Variables
showing statistically significant associations in
the univariate analyses (p < 0.05) were entered into
the multivariate models. Anesthesia type was also
included, as it differed significantly between the
PJT and non-PJI groups in the univariate analysis.
Since several inflammation-based indices were
derived from overlapping laboratory parameters,
variables with a correlation coefficient greater
than 0.6 were not included in the same model
to minimize multicollinearity. Accordingly, three
separate multivariate logistic regression models
were constructed: (1) anesthesia type, albumin,
and CRP; (2) anesthesia type, CALLY, and PNI; and
(3) anesthesia type, CAR, and PNI. Adjusted odds
ratios (ORs) with 95% confidence intervals (Cls)
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were reported. A p value of <0.05 was considered
statistically significant.

RESULTS

Of a total of 192 patients included in the study, 128
(66.7%) were in the non-PJI group and 64 (33.3%)
were in the PJI group. Overall, 54 of the patients
were male and 138 were females with a mean age
of 69.4 + 8.2 (range, 37 to 86) years. No significant
difference was found between the groups regarding
sex distribution (p = 1.000), age (p = 0.498), or BMI
(p = 0.876). Similarly, the distribution of operated
side (p = 0.238) and smoking status (p = 0.130) did
not differ between the groups. The prevalence
of comorbidities, including DM, CAD, HT, CVD,
COPD, malignancy, hypothyroidism, CKD,
rheumatologic disease was comparable between the
groups (all p > 0.05). Anticoagulant (p = 0.549) and
antiplatelet use (p = 0.428) were similar between the
groups (Table II).

The ASA score (p = 0.828) and blood transfusion
units (p = 0.208) were similar between the groups.

TABLE Il
Demographic characteristics of all patients

Non PJI group (n = 128) PJI group (n = 64)
Variables n Mean + SD n % Mean + SD p
Age (year) 69.3+ 7.6 69.6 £ 9.3 0.498*
Sex 1.000#
Male 36 28.1 18 28.1
Female 92 71.9 46 71.9
Body mass index (kg/m?) 32.6+£4.8 32.8+6.3 0.876*
Side 0.238#
Unilateral 104 81.2 57 89.1
Bilateral 24 18.8 7 10.9
Smoker 6 4.7 7 10.9 0.130#
Comorbidities 97 75.8 53 82.8 0.355#
Coronary artery disease 23 18.0 13 20.3 0.845#
Diabetes mellitus 33 25.8 18 281 0.729#
Hypertension 79 61.7 45 70.3 0.311#
Cerebrovascular disease/stroke 3 2.3 2 3.1 1.000#
Chronic obstructive pulmonary disease 3 2.3 2 3.1 1.000#
Malignancy 3 2.3 3 4.7 0.402#
Hypothyroidism 10 7.8 3 4.7 0.549#
Chronic kidney disease 0 0.0 2 3.1 0.110#
Rheumatic disease 1 0.8 2 3.1 0.258#
Anticoagulant use 10 7.8 3 4.7 0.549#
Antiplatelet use 21 16.4 14 21.9 0.428#
PJI, periprosthetic joint infection; SD, standard deviation; *, Independent Samples t-test; #, Chi-square test.
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Anesthesia type differed significantly between
the groups (p = 0.013). The proportion of patients
receiving spinal anesthesia was higher in the non-PJI
group (84.4% vs. 73.4%), whereas general anesthesia
was more common in the PJI group (10.9% vs. 1.6%).
The distribution of epidural anesthesia was similar
between the groups (15.6% vs. 14.1%).

Preoperative laboratory parameters and
inflammation-based indices are presented in
Table III. The PJI group had significantly lower
serum albumin levels compared to the non-PJI
group. (3.8 + 0.5 vs. 41 + 04 g/dL, p < 0.001),
while CRP levels were significantly higher in the
PJI group (6.0 [0.2-32.0] vs. 3.0 [0.3-46.8] mg/L,
p < 0.001). Lymphocyte count was significantly
lower in the PJI group (2.08 [0.60-4.10] vs. 2.36
[0.90-4.85] x10°/L, p = 0.019). Among inflammation-
based indices, NLR (p = 0.015), MLR (p = 0.030),
and SIRI (p = 0.042) were significantly higher in
the PJI group. In contrast, PNI (48.2 + 6.7 vs. 52.8
£5.9, p <0.001) and CALLY (0.14 [0.01-2.87] vs. 0.30
[0.02-2.65], p < 0.001) were significantly lower, while
CAR was significantly higher in the PJI group
(1.48 [0.06-9.70] vs. 0.72 [0.09-11.70], p < 0.001). Other
laboratory parameters and indices were comparable
between the groups (all p > 0.05) (Table III).

Variables showing significant differences in
Table III were analyzed using the ROC curves.
(Figure 1). The ROC curve analysis demonstrated
that all evaluated biomarkers showed moderate
discriminative ability for predicting PJI (Figure 1).
Serum albumin had an AUC of 0.705 (95% CI: 0.623-
0.787), PNI 0.699 (95% CI: 0.620-0.779), CALLY 0.701
(95% CI: 0.617-0.784), CRP 0.660 (95% CI: 0.577-
0.744), and CAR 0.684 (95% CI: 0.601-0.766). Optimal
cut-off values were determined for variables with
AUC values approximately = 0.70 and using the
maximum Youden index. Accordingly, the cut-off
values were < 4.0 g/dL for albumin, < 50.0 for PNI,
> 1.2 for CAR, and < 0.20 for CALLY (Table IV).

Multivariate logistic regression analysis
identified several inflammatory and nutritional
parameters as independent predictors of
PJI (Table V). In Model 1, low serum albumin
(OR = 4.31, 95% CI: 2.19-8.49, p < 0.001), high CRP
levels (OR = 2.67, 95% CI: 1.36-5.25, p = 0.005), and
general anesthesia compared to spinal anesthesia
(OR = 761, 95% CI: 1.39-41.75, p = 0.019) were
independently associated with PJI. In Model 2, low
CALLY (OR = 2.97, 95% CI: 1.49-5.91, p = 0.002), low
PNI (OR = 2.83, 95% CI: 1.42-5.63, p = 0.003), and
general anesthesia (OR = 7.97, 95% CI: 1.46-43.56,

TABLE Il
Preoperative laboratory parameters and inflammation-based indices

Non PJI group (n = 128) PJI group (n = 64)
Variables Mean £ SD  Median Min-Max Mean + SD  Median Min-Max p
Serum albumin (g/dL) 41+04 3.8+0.5 < 0.001*
CRP (mg/L) 3.0 0.3-46.8 6.0 0.2-32.0 < 0.001**
Platelet count (x10%/L) 265.0 122.0-608.0 254.0 110.0-442.0 0.339**
Neutrophil count (x10%L) 4.4 1.62-11.2 4.7 2.0-8.9 0.416™*
Lymphocyte count (x10%/L) 2.36 0.90-4.85 2.08 0.60-4.10 0.019**
Monocyte count (x10%L) 0.55 0.20-1.21 0.60 0.20-1.29 0.354**
NLR 1.92 0.81-11.20 2.62 0.59-5.86 0.015**
PLR 116.1 50.3-399.0 126.8 43.4-368.3 0.147**
MLR 0.24 0.09-0.64 0.30 0.09-0.79 0.030**
Sl 547.9 168.9-4468.8 605.1 104.2-2155.0 0.076**
SIRI 1.11 0.31-4.79 1.41 0.21-5.52 0.042**
PIV 294.6 78.6-1417.2 351.9 39.6-1589.3 0.179**
PNI 52.8+5.9 48.2 £ 6.7 < 0.001*
CAR 0.72 0.09-11.70 1.48 0.06-9.70 < 0.001**
CALLY 0.30 0.02-2.65 0.14 0.01-2.87 < 0.001**
PJI, periprosthetic joint infection; SD, standard deviation; CRP, C-reactive protein; NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte ratio; MLR,
Monocyte-to-lymphocyte ratio; SllI, Systemic immune-inflammation index; SIRI, Systemic inflammation response index; PIV, Pan-immune-inflammation value;
PNI, Prognostic nutritional index; CAR, C-reactive protein-to-albumin ratio; CALLY, C-reactive protein-albumin-lymphocyte; *, Independent Samples t-test;
** Mann-Whitney U test.
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FIGURE 1. ROC curves of inflammatory and nutritional biomarkers for predicting PJI. (a) ROC curves for CRP, NLR, MLR,
SIRI, and CAR. Higher values indicate a greater likelihood of PJI. (b) ROC curves for albumin, lymphocyte count, PNI, and
CALLY index. Lower values indicate a greater likelihood of PJI. Higher AUC values indicate better discriminatory performance.

CRP, C-reactive protein; AUC, area under the curve; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SIRI, systemic inflammatory
response index; CAR, C-reactive protein-to-albumin ratio; PNI, prognostic nutritional index; CALLY, C-reactive protein-albumin-lymphocyte index; PJI,
periprosthetic joint infection; ROC, receiver operating characteristic.

TABLE IV
Optimal cut-off values of preoperative biomarkers for PJI

Cut-off Sensitivity Specificity +LHR PPV NPV Max Youden

(%) (%) (%) (%) Index
Serum albumin <4.0 70.3 65.6 2.0 50.6 81.6 0.34
CRP 24.0 65.6 58.6 1.6 44.2 77.3 0.25
PNI <50.0 60.9 75.0 2.4 51.3 78.4 0.36
CAR >1.2 60.9 7141 21 50.7 77.8 0.32
CALLY <0.20 64.1 68.8 21 50.6 79.3 0.33
PJI, periprosthetic joint infection; +LHR, positive likelihood ratio; PPV, positive predictive value; NPV, negative predictive value; CRP, C-reactive protein;
PNI, prognostic nutritional index; CAR, C-reactive protein-to-albumin ratio; CALLY, C-reactive protein-albumin-lymphocyte index.

p = 0.017) remained significant predictors. In Model
3, high CAR (OR = 3.45, 95% CI: 1.76-6.76, p < 0.001),
low PNI (OR = 3.60, 95% CI: 1.83-7.06, p < 0.001), and
general anesthesia (OR = 8.52, 95% CI: 1.54-47.06,
p = 0.014) were independently associated with PJI.

DISCUSSION
In the present study, we examined preoperative
inflammatory and immunonutritional indices

for predicting early PJI after TKA. Our study
results showed that several inflammatory and
nutritional biomarkers were significantly related

to PJI. In particular, markers reflecting systemic
inflammation (CRP, CAR, and CALLY), as well
as nutritional status (serum albumin and PNI)
consistently appeared as significant factors
across different models. Among these, low serum
albumin and low PNI were repeatedly identified as
independent predictors. These findings suggest that
preoperative immunonutritional status may play a
key role in infection susceptibility. From a clinical
standpoint, these results are not unexpected. In
orthopedic cases, patients with malnutrition and
elevated inflammatory markers face an increased
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TABLE V
Multivariate logistic regression models for predictors of PJI

Model Variables OR 95% ClI P
Low albumin 4.31 2.19-8.49 < 0.001
High CRP 2.67 1.36-5.25 0.005
Model 1 Anesthesia type
Epidural vs. spinal 1.37 0.55-3.44 0.498
General vs. spinal 7.61 1.39-41.75 0.019
Low CALLY 2.97 1.49-5.91 0.002
Low PNI 2.83 1.42-5.63 0.003
Model 2 Anesthesia type
Epidural vs. spinal 1.56 0.61-3.98 0.349
General vs. spinal 7.97 1.46-43.56 0.017
High CAR 3.45 1.76-6.76 < 0.001
Low PNI 3.60 1.83-7.06 < 0.001
Model 3 Anesthesia type
Epidural vs. spinal 1.46 0.57-3.76 0.434
General vs. spinal 8.52 1.54-47.06 0.014

variables with lower intercorrelation.

OR, odds ratio; Cl, confidence interval; CRP, C-reactive protein; CALLY: CRP-albumin-lymphocyte
index; PNI, prognostic nutritional index; CAR, CRP-to-albumin ratio; ROC, receiver operating
characteristic; AUC, area under the curve. Cut-off values were determined using ROC curve
analysis and the maximum Youden index. Cut-off values were calculated for variables with
acceptable discriminative ability (AUC approximately > 0.70): CRP > 4.0 mg/L, albumin < 4.0 g/dL,
PNI < 50.0, CAR = 1.2, and CALLY < 0.20. To minimize multicollinearity arising from shared
biological components, variables with pairwise correlation coefficients greater than 0.6 were not
entered into the same model. Accordingly, separate multivariate models were constructed using

risk of complications.’” Our findings support this
observation. It has been demonstrated that systemic
inflammation and impaired nutritional status
facilitate the development of infections.?!

The association between hypoalbuminemia and
postoperative complications has been reported
in many studies. Serum albumin reflects both
nutritional status and systemic inflammation. Low
albumin levels may impair wound healing and
weaken the immune response.’>3¥ Of note, PNI,
which combines albumin and lymphocyte count,
may provide a more comprehensive assessment of
immune status.’>% Previous studies reported high
predictive values for CAR and PNI, with some studies
demonstrating AUC values above 0.90.1% In our
cohort, the performance was lower (AUC ~0.65-0.71).
This finding suggests that, although these markers
are associated with infection risk, their predictive
value as standalone markers may be limited. Several
factors may account for this observation. We only
evaluated early PJI within 90 days, while many
studies included a broader range of infections.

In addition, differences in patient populations may
also have affected the results.

The diagnostic utility of inflammatory
biomarkers has been investigated in several
studies evaluating their performance in detecting
infection. Shi et al.l¥! found that CAR had high
diagnostic accuracy for PJI, with an AUC of 0.941,
and performed better than CRP. In the present
study, CAR was likewise identified as a significant
predictor; however, its predictive performance was
comparatively lower. This discrepancy may reflect
differences in the clinical application of these
biomarkers. Specifically, inflammatory biomarkers
may demonstrate greater utility in identifying
an established infection, in which systemic
inflammatory responses are already present, than in
predicting the subsequent development of infection
before its clinical manifestation.

Recent studies have shown that inflammatory
indices may have roles beyond prediction. To
illustrate, changes in markers such as SIRI and
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MLR have been linked to treatment success after
revision surgery.'” This suggests that these markers
may also be useful for monitoring disease course
and treatment response. Similarly, Moldovan!®
reported that several inflammatory indices showed
good diagnostic performance in distinguishing
PJT from aseptic failure, with AUC values above
0.80. In our study, the predictive performance was
more moderate. This difference likely reflects the
clinical setting. Their study focused on diagnosis
in revision cases, while we evaluated preoperative
risk in primary arthroplasty patients. Overall,
our findings suggest that inflammatory and
immunonutritional indices are associated with PJI.
However, their clinical value depends on how they
are used. In the preoperative setting, they may help
identify higher-risk patients. Still, they should not
be used alone and should be part of a broader risk
assessment.

The higher AUC values reported in previous
studies can be explained by several factors. Most
of these studies evaluated diagnostic performance
by comparing cases of existing PJI with aseptic
conditions; in such cases, the AUC may be higher,
as inflammatory differences are more pronounced.
This study, however, focused on predicting early
PJI within 90 days, which is a more challenging
task. Additionally, while our cohort consists of a
more homogeneous patient group, other studies
may include more heterogeneous populations, such
as revision cases and late infections, which could
increase the AUC. Sample size, the single-center
design, and the optimization of cut-off values or
the use of combined models in some studies may
also have influenced the results. Therefore, these
differences should be taken into account while
comparing the AUC values reported in the literature
with the results of our study.

From a practical perspective, these cut-off values
may help support clinical decisions. These include
serum albumin < 4.0 g/dL, PNI < 50, CAR > 1.2,
and CALLY < 0.20. However, since the predictive
performance in our study was moderate, these
values should be used with caution. They are easy
to obtain and low-cost, but should not be used
alone and are better considered together with other
clinical factors.

Although the primary objective of this study
was to evaluate the predictive value of preoperative
inflammatory and immunonutritional indices,
general anesthesia also emerged as an independent
predictor of PJI in all multivariate models. This
finding is consistent with several recent studies
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suggesting that spinal or neuraxial anesthesia may
be associated with a lower risk of postoperative
infection, including PJI, compared with general
anesthesia.’”*! One proposed explanation is that
general anesthesia may induce greater perioperative
immunosuppression and inflammatory activation,
resulting in higher postoperative inflammatory
marker levels.*#l However, the available evidence
remains inconclusive. Some studies have reported no
significant differences between general and spinal
anesthesia with respect to inflammatory responses
or postoperative clinical outcomes.!**4 Therefore,
although our findings are broadly consistent
with part of the existing literature, they should
be interpreted cautiously. The present study was
not specifically designed to compare anesthetic
techniques, and the number of patients receiving
general anesthesia was relatively small. Accordingly,
the observed association cannot be interpreted as
establishing a causal relationship and should be
considered preliminary. Future prospective studies
specifically designed to investigate the impact of
anesthesia type on PJI risk are needed to confirm
this finding.

This study has several clinical implications.
It highlights the importance of preoperative
immunonutritional assessment. Additionally,
it supports the use of composite biomarkers in
perioperative risk assessment. However, due to the
moderate predictive performance, these findings
should not be used directly as an independent
clinical decision-making tool. Instead, these
parameters may provide supportive information
when used in conjunction with other clinical factors.

Several limitations should be considered when
interpreting the findings of this study. First,
due to the retrospective design, selection bias
and residual confounding cannot be completely
excluded. Important intraoperative variables such
as operative time, tourniquet duration, surgical
technique, and timing of antibiotic prophylaxis
were not evaluated and may have influenced the
risk of PJI. Moreover, the 12-year study period may
have introduced variability in surgical techniques,
perioperative protocols, and infection prevention
strategies over time. As this was a single-center
study, the generalizability of the findings may
also be limited. In addition, multiple inflammatory
and immunonutritional indices were evaluated
simultaneously. The large number of statistical
comparisons may have increased the risk of type
1 error. Therefore, the observed associations
should be interpreted cautiously and confirmed
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in independent cohorts. Finally, the moderate
predictive performance observed suggests that
factors beyond laboratory parameters, such as
surgical technique and intraoperative variables,
also play a critical role. Future prospective and
multicenter studies may help to further clarify the
role of these indices and improve their integration
into clinical prediction models.

In conclusion, preoperative inflammatory and
immunonutritional indices, particularly albumin,
PNI, CALLY and CAR, seem to be associated with
early PJI following TKA. While their standalone
predictive performance is moderate, they offer
practical value as accessible and readily available
tools within a comprehensive risk stratification
framework. Integration of these biomarkers into
clinical decision-making may support personalized
perioperative management, although further
prospective validation is required.
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