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Background: Neuropathic pain (NP) following knee arthroplasty significantly impairs patient quality of life, yet current research
lacks objective predictors and predictive models. This study aimed to identify postoperative NP associated factors and develop
a nomogram prediction model.

Methods: We enrolled 128 patients undergoing primary unilateral knee arthroplasty (February 2023—August 2024) with 6-24 month
follow-up. NP was assessed using PainDETECT (PDQ) and DN4 scales; pain-related quality of life was evaluated via the Oxford
Knee Score pain subscale (OKS-PS). Clinical records were systematically reviewed. Variables were screened using univariate logistic
regression, optimized via LASSO regression, and incorporated into a multivariate logistic regression nomogram, followed by
validation analyses.

Results: NP incidence was 14.06% (18/128). OKS-PS confirmed a significant association between postoperative NP and reduced
quality of life. The nomogram identified female sex, decreased preoperative range of motion (ROM), greater preoperative mechanical
axis angles (pMAA) difference, and higher postoperative C-Reactive protein (CRP) as factors significantly associated with NP.
Bootstrap validation yielded an AUC of 0.764 (95% CI: 0.760-0.770), sensitivity 0.707 (0.694-0.718), and specificity 0.737 (0.724-
—0.747). 10-fold cross-validation showed comparable results: AUC 0.813 (0.721-0.906), sensitivity 0.778 (0.5-0.938), specificity
0.764 (0.676—0.833). Calibration curves indicated agreement (MAE=0.037), and DCA demonstrated strong clinical utility across
threshold probabilities of 0.003-0.391.

Conclusion: Postoperative NP was significantly associated with female sex, reduced preoperative ROM, increased pMAA difference,
and elevated postoperative CRP. The validated nomogram showed good predictive performance, establishing a reliable tool for early
identification and risk assessment of post-arthroplasty NP.
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Introduction

Knee arthroplasty, the standard surgical treatment for end-stage osteoarthritis, significantly alleviates pain, restores

function, and improves quality of life with favorable long-term outcomes.' Nevertheless, chronic postoperative pain

persists as a challenging clinical complication despite advances in surgical techniques. Most affected patients exhibit

neurological symptoms such as sensory abnormalities,” suggesting potential development of neuropathic pain (NP).
Studies report NP incidence in 6-15% of postoperative patients,” with prevalence soaring to nearly 50% among those

experiencing persistent pain.*> This rate significantly exceeds those of well-documented complications like deep vein
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thrombosis and surgical site infection.® NP further demonstrates notable comorbidities with anxiety and depression,>’
while greater NP severity correlates with more profound quality-of-life impairment.®'°

NP is defined as pain resulting from a lesion or disease of the somatosensory nervous system.'''? Patients typically
present with diffuse, poorly localized pain accompanied by characteristic symptoms including numbness, burning
sensations, tingling/pricking, and electric shock-like sensations.'® A recent longitudinal study revealed complex evolu-
tionary patterns of NP in patients with chronic postsurgical pain. Over the 15-month postoperative follow-up period, data
showed that 26% of patients experienced improvement, while 56% maintained persistent NP symptoms. The remaining
18% exhibited unstable trajectories: 9% with fluctuating symptoms and 9% with new-onset NP.?

The mechanisms underlying NP following knee arthroplasty remain incompletely understood. Surgical trauma to
peripheral nerves represents one potential etiology.'* Prior studies correlate previous knee surgery with NP-like
symptoms in severe osteoarthritis, suggesting surgically-induced nerve injury may contribute to NP pathogenesis.'”
Specifically, the procedure risks injury to cutaneous nerves critical for knee sensory innervation: the medial femoral
cutaneous nerve (MFCN), intermediate femoral cutaneous nerve (IFCN), and infrapatellar branch of the saphenous nerve
(IPBSN).'*!® Other studies have demonstrated postoperative differences in pain sensitivity within the MFCN and IFCN
innervation zones,” while nerve blocks targeting these nerves have shown efficacy in alleviating established neuropathic
pain,'* further supporting nerve injury as a potential contributor to NP. Alternatively, inflammatory mediators serve as
established biomarkers in neuropathic conditions (eg, polyneuropathy, postherpetic neuralgia)'’” and osteoarthritis.'® yet

their role in post-arthroplasty NP lacks clinical validation,'®*°

warranting further investigation.

Recent studies have increasingly focused on identifying risk factors post-knee arthroplasty. An analysis of 14
prospective/retrospective studies indicates that postoperative acute pain severity, emotional state, and cognitive function
predict NP development.’ Given the potential link between nerve injury and NP development, biomechanical factors,
younger age/female sex, and lower tourniquet pressures may also confer NP risk despite limited direct evidence.****
Notably, unicompartmental knee arthroplasty (UKA) may reduce NP incidence relative to total knee arthroplasty (TKA)
due to diminished soft tissue disruption and inflammatory response.?* The documented fluctuation in NP symptomatol-
ogy further underscores postoperative time as a critical clinical variable.” Pharmacologically, gabapentinoids alleviate
symptoms in 30—40% of NP patients via calcium channel modulation,”> implying potential dysregulation of calcium
signaling in NP pathogenesis.

Although existing studies have identified various factors, a persistent gap remains in objective and reliable predictive
indicators, limiting clinical translation of current evidence. To bridge this gap, we retrospectively reviewed patients who
underwent knee arthroplasty at our institution to determine NP occurrence and identify potential predictive factors. Based
on these findings, we developed and validated a personalized risk prediction model for neuropathic pain following knee

arthroplasty.

Materials and Methods

Study Design and Population Follow-Up

This study received ethical approval from our institutional review board (Approval No.. MRCTA, ECFAH of FMU
[2023]308), with written informed consent obtained from all participants. This study included patients who underwent
primary knee arthroplasty at the First Affiliated Hospital of Fujian Medical University between February 2023 and
August 2024. Based on evidence indicating pain stabilization by 6 months postoperatively,®*° the inclusion criteria
comprised: (1) age >18 years; (2) UKA or TKA for osteoarthritis; (3) unilateral primary procedure with 6-months to
2-years postoperative time. Exclusion criteria included: (1) lost to follow-up or impaired communication capacity; (2)
incomplete laboratory/clinical documentation; (3) postoperative infection or revision surgery.

Patients were routinely followed up at 1, 3, 6, 12 and 24 months to evaluate surgical outcomes. To assess the current
pain status of patients, the follow-up was conducted in March 2025 and completed within the same month. Additional
contacts served as necessary measures for instances of loss to follow-up or inadequate communication (Figure 1).

The follow-up protocol was structured around a three-part questionnaire (Supplementary questionnaire). The first part

collected basic patient information including name, age. The classification of employment status followed the
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methodology applied by Wang et al.>” The second part assessed pain using the Oxford Knee Score pain subscale (OKS-
PS), with validated scores <14 indicating pain significantly impacting quality of life.?®?? The third part incorporated two
neuropathic pain screening tools - PainDETECT questionnaire (PDQ) and DN4,**>" both cross-culturally validated for

32,33

use in Chinese populations - to evaluate neuropathic pain prevalence and characteristics. To enhance the specificity

of NP identification, We applied combined diagnostic criteria (PDQ>11 and DN4>3) to identify neuropathic pain

cases.3’34

Clinical Characteristics and Examination Results

For patients who completed the follow-up, researchers blinded to the follow-up outcomes, retrospectively collected
demographic characteristics and clinical data from the electronic medical record system, including clinical symptoms,
physical signs, laboratory results, and imaging findings (Figure 1). Based on evidence demonstrating increased post-

operative pain following staged bilateral TKA within 6 months, >~

we specifically reviewed whether patients underwent
contralateral knee arthroplasty within this 6-month postoperative period. Radiographic measurements of preoperative
mechanical axis angles (P)MAA) were performed using preoperative full-length lower limb radiographs,®” with positive
values assigned to varus alignment and negative values to valgus alignment. The centers of the hip, knee (intercondylar
notch), and ankle were sequentially marked and connected; the angle formed by these lines represents the pMMA. To
isolate the effect of deformity magnitude independent of direction (varus/valgus), we defined pMAA difference as ABS
[ABS(Right pMAA)-ABS(Left pMAA)]. Data with missing rates exceeding 5% were excluded from subsequent
analyses. Postoperative inflammatory and nutritional markers were collected as part of routine testing to reflect surgical

inflammation.

Statistical Analysis
All statistical analyses were performed using SPSS 29.0 and R software version 4.4.2. Spearman’s nonparametric
correlation test was employed for correlation analysis of survey results. For continuous variables in clinical data:

Screening patients underwent knee replacement surgery (n=296)

* Non-osteoarthritis (n=29)
* Non-primary arthroplasty (n=64)
* Incomplete medical records (n=22)

A4

Patients included for follow-up (n=181)

A 2 * Loss to follow-up (n=25)
Structured + Limited communication capacity (n=18)
interviews » Postoperative infection (n=7)

» Reoperation for any other reasons(n=4)

A4

Patients included for analysis (n=128)

R T

I .
NP group (n=18) [i Coding -
I | | & s Blinded

case reviews

Figure | The flowchart of patient inclusion and follow-up.
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normally distributed data were presented as mean =+ standard deviation (3+S) and compared using independent samples
t-tests; non-normally distributed data were expressed as median [P25, P75] and analyzed with rank-sum tests. Categorical
data were described as frequencies (percentages) and compared using chi-square tests or Fisher’s exact probability test
when chi-square assumptions were not met. A p-value < 0.05 was considered statistically significant.

This study developed the prediction model through a multi-stage feature selection and model optimization strategy
with the following procedures. Stage 1: Univariate logistic regression was used for initial screening of potential
predictors (significance level a=0.10). Stage 2: To prevent overfitting and ensure model robustness and interpretability,
LASSO regression was applied to the prescreened variables. The optimal regularization parameter A was determined via
10-fold cross-validation. Feature subsets were selected according to the one standard error rule (1-SE rule), favoring
sparser models to enhance stability. Stage 3: Multivariate logistic regression analysis was performed on LASSO-selected
variables. Final predictors were identified through bidirectional stepwise regression (entry/removal criteria: P<0.05 and
P>0.10, respectively). A nomogram prediction model was developed using the finalized variables. Internal validation was
conducted via the bootstrap resampling method (1000 iterations), suitable for small samples: (1) ROC curve analysis was
conducted to calculate discrimination metrics including AUC, sensitivity and specificity; (2) calibration curves were
plotted with Hosmer-Lemeshow test to evaluate model goodness-of-fit; (3) decision curve analysis (DCA) was performed
to quantify net benefit across 0—100% threshold probabilities. To further validate model robustness, 10-fold cross-
validation was implemented with corresponding ROC curves generated. The study employed stratified sampling to
ensure that each fold contained NP cases. All statistical analyses were performed using R software (v4.4.2) with the
packages boot, caret, glmnet, rms, ggplot2, pROC and ggDCA.

Results

Patient Characteristics and Follow-Up

This retrospective study analyzed 296 surgical records from February 2023 to August 2024. Following the exclusion of
115 cases not meeting inclusion criteria, follow-up assessments were performed on the remaining patients. Validated data
from 128 patients were obtained through online questionnaires (Figure 1), resulting in a final response rate of 70.7%
(128/181). This rate is consistent with those reported in prior literature.® Reliability analysis indicated adequate internal
consistency, with Cronbach’s alpha coefficients of 0.840 (Part 2) and 0.798 (Part 3) for the questionnaire, supporting the
reliability of follow-up outcomes.

The prevalence of NP following knee arthroplasty was 14.06% (18/128). Follow-up assessments revealed an inverse
relationship between NP severity and quality of life, as measured by declining OKS-PS with increasing scores on both
the PDQ and DN4 scales. Notably, PDQ scores demonstrated a stronger negative correlation with OKS-PS reduction than
DN4 scores (Figure 2A and B).

Through medical record review, no statistically significant difference was observed between the two groups in
surgical procedure selection (TKA vs UKA). Regarding preoperative characteristics, the NP group demonstrated
significantly smaller preoperative range of motion (ROM) (p = 0.003), higher pMAA on the surgical side (p = 0.029),
PMAA [abs.] (p = 0.045), and pMAA difference (p = 0.008). No significant differences were identified in age, gender,
employment status, surgical side, symptom duration, or BMI (Table 1).

Analysis of postoperative inflammatory and nutritional markers revealed that the NP cohort demonstrated elevated
postoperative C-Reactive protein (CRP) (p = 0.034). In contrast, no significant intergroup differences were observed in
WBC or albumin during this period. Additionally, neither follow-up duration nor the incidence of staged contralateral
knee arthroplasty within the 6-month postoperative period differed significantly between groups (Table 1).

Exploration of Potential Predictors

Using 0=0.10 as the significance threshold, univariate regression analysis identified several predictors of NP occurrence:
gender (OR=4.055, p=0.071), preoperative ROM (OR=0.962, p=0.004), pMAA (OR=1.104, p=0.031), pMAA[abs.]
(OR=1.125, p=0.022), pMAA difference (OR=1.233, p=0.008), and postoperative CRP (OR=1.034, p=0.033) (Table 2).
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Figure 2 Correlation analysis of NP scores with OKS-PS. (A) The association between DN4 score and OKS-PS, with a negative correlation (rs=—0.55, p<0.001). (B) The
association between PDQ score and OKS-PS, with a negative correlation (rs=—0.67, p<0.001).
Abbreviations: OKS-PS, Oxford Knee Score-Pain Subscale; DN4, Douleur Neuropathique 4; PDQ, PainDETECT Questionnaire.

The analysis revealed that female, poorer preoperative ROM, more severe preoperative mechanical axis angles, and
elevated postoperative CRP were associated with NP development.
The LASSO regression excluded pMAA[abs.] to prevent overfitting (Figure 3A, B and Supplementary Table 1).

Subsequent multivariate logistic regression was performed on the 5 retained variables identified 4 independent factors for
postoperative neuropathic pain: gender (OR=0.13, p=0.025), preoperative ROM (OR=0.97, p=0.023), pMAA difference
(OR=1.32, p=0.007) and postoperative CRP (OR=1.04, p=0.017). The pMAA was excluded from the final (Figure 4).

Nomogram Development and Validation
Based on the multivariate analysis, an individualized nomogram for NP risk prediction was constructed (Figure 5).

Collinearity diagnostics indicated no significant multicollinearity among predictors (Supplementary Table 2). The

nomogram incorporated 4 independent predictors with a total scoring range of 0-200 points.

Using 1000 bootstrap resamples, we evaluated model performance via ROC analysis, calibration curves, and DCA.
The ROC curve demonstrated discriminative capacity with an AUC of 0.764 (95% CI 0.760-0.770), sensitivity 0.707
(95% CI 0.694-0.718), and specificity 0.737 (95% CI 0.724—0.747) (Figure 6A and Supplementary Table 3). Calibration
curves indicated close agreement between predicted and observed outcomes (mean absolute error [MAE] = 0.037;
Figure 6C). DCA showed net benefit across threshold probabilities of 0.003—-0.391 (Figure 6D).

Additional validation through 10-fold cross-validation yielded an AUC of 0.813 (95% CI 0.721-0.906), sensitivity
0.778 (95% CI 0.5-0.938), and specificity 0.764 (95% CI 0.676-0.833) (Figure 6B and Supplementary Table 3),

confirming sustained discriminatory performance.

Discussion

Neuropathic pain (NP), a significant complication impairing long-term quality of life after knee arthroplasty, has received
increasing clinical attention concerning its pathogenesis and risk factors. This study demonstrating a significant associa-
tion between NP and deterioration in the pain dimension of quality of life. Furthermore, this study represents one of the
first investigations into potential associations between objective clinical indicators and postoperative NP development.
Notably, we identified 4 independent factors for postoperative NP: gender, preoperative ROM, pMAA difference, and
postoperative CRP. Based on these factors, a predictive nomogram model was developed to assist clinicians in
identifying patients at high risk for NP.
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Table | Clinical Characteristics of Patients [n (%) or MeantSD or Medians (IQRs)]

Variables Non-NP Group (n = 110) | NP Group (n = 18) | Statistic | p
Age 69.14+8.75 71.83£7.26 —1.238 0.218
Gender 3.705 0.054
Female 73 (66.4%) 16 (89.9%)
Male 37 (33.6%) 2 (11.1%)
Employment status 0.36 0.948
Non-manual labor 8 (7.3%) 1 (5.6%)
Manual labor 17 (15.5%) 2 (11.1%)
Retirement 33 (30.0%) 6 (33.3%)
Unemployment 52 (47.3%) 9 (50.0%)
Sides 3.58 0.058
Left 57 (51.8%) 5 (27.8%)
Right 53 (48.2%) 13 (72.2%)
Preoperative ROM 120 (100,140) 100 (98,113) 3.008 0.003
UKA/TKA 1.121 0.290
TKA 45 (40.9%) 5 (27.8%)
UKA 65 (59.1%) 13 (72.2%)
Duration of symptoms 7.0 (3.0,10.0) 8.0 (3.8,10.0) —0.472 0.637
BMI 25.9 (23.4,29.1) 27.5 (23.6,28.9) -0.37 0.711
pMAA 7.4+6.3 11.0£7.3 —2.214 0.029
pMAA [abs.] 8.6+4.2 11.6+6.4 —2.596 0.045
pMAA difference 2.8 (1.2,4.4) 5.3 (2.8,6.5) —2.670 0.008
WBC (POD 5) 11.5£3.1 10.9+2.4 0.801 0.425
CRP (POD 5) 82 (4.2,16.9) 16.9 (6.4,42.2) -2.116 0.034
ALB (POD 5) 394 (37.3,41.4) 40.1 (38.2,41.0) —0.288 0.773
Staged TKA within 6 months Fisher 0.752
Yes 21 (19.1%) 4 (22.2%)
No 89 (80.9%) 14 (77.8%)
Follow-up time 12.0 (9.0, 17.0) 11.0 (9.0,20.0) 0.222 0.824

Abbreviations: POD, Postoperative Day; pMAA, preoperative mechanical axis angles; ROM, Range of Motion.

Postoperative pain interference following knee arthroplasty is a prevalent clinical issue that adversely affects patients’
quality of life.® Previous studies have assessed NP using comprehensive quality-of-life assessment scales.’® However, the
overlap between pain and functional domains within these scales may introduce confounding factors, potentially
obscuring the specific association between pain intensity and physical function measurements.” Pinedo-Villanueva
et al found that patients in the high-pain group reported significantly worse outcomes in dimensions such as “pain,”
“night pain,” and “limping,” and these pain dimensions were highly correlated with various aspects of quality of life.*®
Consequently, the OKS-PS was developed, encompassing seven pain-related items to form a pain-specific instrument. As
highlighted by Harris et al, the OKS-PS focuses on assessing “how pain limits function”.> It thereby provides a more
direct reflection of the limitations in quality of life experienced by patients from the perspective of pain. In contrast to
comprehensive quality of life assessment tools like the EQ-5D, the OKS-PS aligns more closely with patients’ actual
experiences and holds greater clinical relevance.”® Through this perspective, our findings confirm that greater NP severity
is associated with diminished quality of life. This is evidenced by higher scores on NP-specific scales (PDQ & DN4) and
lower OKS-PS scores. However, as established in prior research,* both PDQ and DN4 exhibit inherent limitations in
characterizing NP. The PDQ demonstrates relatively low diagnostic accuracy and cannot reliably distinguish between
pain types. While the DN4 shows high sensitivity, its specificity is notably low, leading to a significant increase in false-
positive rates. Consequently, future newly developed NP detection models should not only validate their correlation with
neurophysiological and pathological manifestations, but also further verify the association between their detection results

and outcomes from both pain-specific dimensional assessments and comprehensive quality-of-life scale.
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Table 2 Univariate Logistic Regression for NP

Variables i) SE z OR (95% CI) P
Age 0.041 0.033 | 1.528 | 1.041 (0.976, I.111) | 0.216
Gender

Female

Male 1.4 0.777 | 3.249 | 4.055 (0.885,18.581) | 0.071
Employment status

Non-manual labor

Manual labor —0.325 | 1.12 | 0.084 | 0.722 (0.080, 6.492) | 0.771

Retirement —0.386 | 0.83 0.216 | 0.680 (0.134, 3.459) | 0.642

Unemployment 0.049 0.572 | 0.007 | 1.051 (0.342, 3.224) | 0.931
Side

Left

Right 0919 0.56 2.697 | 2.507 (0.837,7.510) | O.101
Preoperative ROM —0.039 | 0.013 | 8296 | 0.962 (0.937, 0.988) | 0.004
TKA/UKA

TKA

UKA —0.588 | 0.561 | 1.098 | 0.556 (0.185,1.668) 0.295
Duration of symptoms —0.005 | 0.043 | 0.016 | 0.995 (0.914, 1.083) | 0.900
BMI 0.018 0.071 | 0.063 | 1.018 (0.886, 1.169) | 0.802
pMAA 0.099 0.046 | 4.66 1.104 (1.009, 1.208) | 0.031
PMAA [abs.] 0.117 0.051 | 5229 | 1.125 (1.017, 1.244) | 0.022
pMAA difference 0.210 0.079 | 6.976 | 1.233 (1.056, 1.441) | 0.008
WBC (POD 5) —0.069 | 0.086 | 0.645 | 0.933 (0.788, 1.105) | 0.422
CRP (POD 5) 0.034 0.016 | 4571 | 1.034 (1.003, 1.067) | 0.033
ALB (POD 5) —0.005 | 0.075 | 0.005 | 0.995 (0.858, 1.154) | 0.946
Staged TKA within 6 months

Yes

No —0.191 | 0.617 | 0.096 | 0.826 (0.247, 2.766) | 0.756

Abbreviations: POD, Postoperative Day; pMAA, preoperative mechanical axis angles; ROM, Range of

Motion.

The nomogram visually integrates multiple objective predictive factors for quantitative risk calculation, thereby

reducing subjective bias in clinical assessment.*! Its application has shown significant clinical value. For example, Chen

et al developed a nomogram incorporating key clinical and laboratory indicators to predict severe COVID-19 and

mortality risk. Their model achieved AUC values of 0.771 and 0.748 in the training and validation sets, respectively—
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Figure 3 LASSO regression analysis for variable selection. (A) LASSO coefficient curve for the six variables. (B) Determination of the optimal regularization parameter (1)
in LASSO regression via 10-fold cross-validation using the minimum criterion.
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Variable B SE z OR (95% CI) P Value
Gender 2012 0899 -224 | o | 0.13 (0.02-0.63)  0.025
Preoperative_ROM -0.031 0.014  -2.27 “ 0.97 (0.94-0.99) 0.023
PMAA_difference 0279 0103 270 F=| 132(1.10-1.65)  0.007
Postoperative_CRP 0.044 0018 240 ﬂ 1.04 (1.01-1.08)  0.017

r T T T T T T T T T T T 1
0.022 0.031 0.044 0.062 0.088 0.125 0.177 0.250 0.354 0.500 0.707 1.00 1.410

Figure 4 Multivariable logistic regression forest plot.
Abbreviations: pMAA, preoperative mechanical axis angles; ROM, Range of Motion.

0 10 20 30 40 50 60 70 80 90 100
Points L L L !

Gender T !

Preoperative_ROM r T T T T T T
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pMAA_difference T T T T T T T T T T T 1

Postoperative_CRP — T T T—T—T—T— T
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Figure 5 Nomogram Model for Predicting Risk of Postoperative NP. For clinical application, the patient’s clinical characteristics are used to locate their position on the
corresponding axis for each variable. A vertical line is drawn upwards from this point to determine the assigned points for that variable. The points for all variables are then
summed to calculate the Total Points (ranging from 0 to 200). Finally, a vertical line is projected downward from the Total Points to the “Prob of NP” axis to determine the
predicted probability of postoperative neuropathic pain for that patient.

comparable to our results—confirming this predictive tool’s discriminative capacity.*” In oncology, nomogram is
similarly widely adopted for prognostic evaluation, frequently outperforming conventional TNM staging systems.*’

Current Research on post knee arthroplasty NP predominantly focuses on isolated risk factor exploration or
conventional regression analyses, often lacking comprehensive multifactorial predictive models.'”° This study advances
the field by applying a nomogram to predict postoperative NP, which integrating diverse factors using objective metrics
to minimize subjective bias. The DCA curve indicates that this model is suitable for using a lower threshold probability
for clinical decision making. Given the potential negative impact of postoperative NP on patient outcomes and doctor-
patient relationships, clinicians are advised to proactively communicate with patients exhibiting high predicted risk
scores according to this model. Early intervention is necessary in the meantime. Regarding the evolution of NP
diagnostic criteria—from reliance on single questionnaires to the incorporation of dual-questionnaire approaches—
isolated assessment tools remain clinically limited. Future studies should therefore focus on developing additional
diagnostic instruments and validating their combined utility.

Collectively, our findings provide direct support for the concept that the development of postoperative NP is not only
clearly associated with nerve injury related risk factors, such as female sex and deformity severity, but also correlates
with elevated postoperative CRP, which reflect heightened inflammatory responses. Based on this evidence, we propose
that postoperative NP in the knee joint arises from the combined effects of nerve injury and inflammation.
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Figure 6 Validation of nomogram models. (A and B) The ROC curves of the nomogram after bootstrap sampling validation and ten-fold cross-validation. (C) The
calibration curves of the nomogram. (D) The DCA curve showing the net benefit obtained at different decision thresholds.
Abbreviations: ROC, Receiver Operating Characteristic; DCA, Decision Curve Analysis.

Female sex constitutes a significant risk factor for various NP conditions.**** Our study demonstrates that this
association persists in the context of postoperative NP, with female patients exhibiting both higher incidence rates and
greater pain severity.***> Females are more likely to suffer from psychological problems, such as depression and pain
catastrophizing, which are frequent risk factors for many kinds of NP.*' Additionally, biologically mediated sex
differences, including hormonal influences on pain modulation pathways,*® may contribute to this observed disparity.

PMAA, quantified by the difference in femoral-tibial mechanical axis angles between the operative and contralateral
limbs, served as an independent predictor of NP. Whereas no statistically significant results were obtained for the
mechanical axis angles on the operated side. This observation suggests that the magnitude of deformity, as reflected by
the inter-limb discrepancy in alignment, holds greater predictive value than unilateral measurements. This finding
underscores the potential role of individual biomechanical variations in NP pathogenesis. pMMA serves as a key
imaging indicator for assessing the degree of knee joint deformity.*” Previous research indicates that joint deformity
may elevate NP risk through two primary mechanisms: First, severe deformity necessitates more extensive soft tissue
releases during surgery. For instance, correcting a varus deformity often requires release of the deep medial collateral
ligament and the posteromedial joint capsule.*” These structures are in close proximity to nerves such as the medial
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femoral cutaneous nerve (MFCN) and the infrapatellar branch of the saphenous nerve (IFCN),'* consequently increasing
the risk of intraoperative nerve injury. Second, chronic nerve entrapment due to pre-existing deformity may impede full
postoperative nerve recovery.*® An example is common peroneal nerve entrapment associated with genu varum
deformity,* which can predispose to NP. These findings affirm the value of preoperative radiographic evaluation,
specifically assessing inter-limb alignment discrepancies, in predicting NP risk. Nevertheless, it is crucial to acknowledge
that NP is a multifactorial outcome influenced by diverse biopsychosocial aspects,”® Consequently, relying solely on
imaging parameters for NP prediction has inherent limitations.'

Among the potential mechanisms contributing to NP following knee arthroplasty, the inflammatory response warrants
specific consideration. Elevated postoperative CRP were significantly associated with NP development (p=0.017),
implicating inflammation in its pathogenesis. Previous research has established inflammation’s critical role in diverse
NP states (eg, polyneuropathy, osteoarthritis), primarily through enhanced neuronal excitability and glial cell
activation.”>>> While this association is recognized in other contexts, the specific inflammatory mechanisms operating
after arthroplasty necessitate further investigation. Another studies indicate that neuropathic features in patients with
sciatica are associated not only with psychological factors such as depression, anxiety, and alexithymia but also with
elevated serum CRP levels.!” The identification of objective biomarkers to complement subjective psychological
assessments is therefore a key objective of the present work. Furthermore, inflammatory mediators (eg, cytokines and
chemokines) might contribute to the NP pathological process by inducing sensitization pathways within both the
peripheral and central nervous systems. This potential role represents a promising avenue for future research on NP
following knee arthroplasty.'®

Several limitations warrant consideration in this study. First, its single-center retrospective design entails inherent
constraints, including a limited sample size, potential data incompleteness, and possible recall bias. Consequently, the
current study design may not adequately capture the occurrence of late onset neuropathic pain.® Second, there is
probability of model overfitting due to less NP event and there is lack of external validation, to compensate for this,
we strengthened the analytical rigor by applying LASSO regression and performed two internal validation procedures—
bootstrapping and 10-fold cross-validation. Third, although the results demonstrate good internal consistency and are
authentic and reliable, the number of included patients was limited by challenges in following up with discharged
participants. The response rate of 70.7% may also introduce selection bias. While this return rate is predictable,*® it
should be acknowledged that it impacts the exploration of prevalence and predictive factors. Future research should
address these limitations through large-scale prospective studies with extended follow-up periods, which would better
control confounding variables and further elucidate risk factors for postoperative NP.

Conclusion

Firstly, the prevalence of postoperative NP was 14.06%, and it can significantly impair quality of life. Secondly, factors
independently associated with postoperative NP included gender, preoperative ROM, pMAA difference, and post-
operative CRP. Furthermore, this study developed a nomogram prediction model demonstrating good predictive efficacy,
providing a quantitative tool for individualized assessment. However, prospective, multicenter validation is required
before the model can be widely applied in clinical practice.

Abbreviation

NP, neuropathic pain; MFCN, medial femoral cutaneous nerve; IFCN, intermediate femoral cutaneous nerve;
IPBSN, infrapatellar branch of the saphenous nerve; UKA, unicompartmental knee arthroplasty; TKA, total knee
arthroplasty; OKS-PS, Oxford Knee Score pain subscale; PDQ, Pain DETECT questionnaire; pMAA, preoperative
mechanical axis angles; ROM, range of motion; DCA, decision curve analysis; BMI, body mass index; CRP,
C-reactive protein.
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