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Background: As the worldwide population ages, the population receiving open wedge high tibial osteotomy (OWHTO) is growing, 
and surgical site infection (SSI) is a rare but fatal surgical complication. This study aimed to identify risk factors independently 
associated with SSI following OWHTO and develop a predictive nomogram.
Methods: Clinical data of patients who received OWHTO and followed up for more than 12 months in our hospital were 
retrospectively reviewed. Multivariable logistic regression was performed to determine independent risk factors for SSI and to 
construct predictive nomograms. The study further illustrated the predictive performance of the model by using the receiver operating 
characteristic (ROC) curve, calibration curve, and decision curve analysis (DCA).
Results: A total of 1294 eligible patients were included in the study. Multivariate analysis revealed tobacco consumption (OR=3.44, 
p=0.010), osteotomy size ≥12 mm (OR=3.3, p=0.015), the use of allogeneic bone or artificial bone graft substitutes (allogeneic bone vs 
none, OR=4.08, p=0.037; artificial bone vs none, OR=5.16, p=0.047), Kellgren-Lawrence (K-L) grade IV (OR=2.5, p=0.046), 
systemic immune-inflammation index (SII) >423.62 (OR=6.2, p<0.001), high-sensitivity C-reactive protein (HCRP) >2.6 mg/L 
(OR=2.42, p=0.044), and a higher level of fasting blood glucose (FBG) (OR=1.32, p=0.022) were the independent predictors of 
SSI. The cutoff score of the model was 148, with a sensitivity of 76.0% and specificity of 81.0%. The concordance index (C-index) 
and Brier score of the nomogram were 0.856 and 0.017, and the corrected values after 1000 bootstrapping validations were 0.820 and 
0.018, respectively. Furthermore, the ROC curve, calibration curve, and DCA exhibited excellent predictive accuracy and clinical 
applicability of the model.
Conclusion: This study developed a dynamic nomogram based on seven predictors, which allowed surgeons to individualize risk 
stratification of patients and intervene promptly to reduce SSI rates.
Keywords: open wedge high tibial osteotomy, surgical site infection, risk factors, nomogram

Introduction
Open wedge high tibial osteotomy (OWHTO) is a well-established treatment for medial compartment knee osteoarthritis 
(KOA) with varus deformity.1 However, the patient’s prognosis may be severely compromised by surgical site infection 
(SSI).2 According to the guidelines, SSI is defined as an infection that affects the incision or deep tissues at the surgical site, 
usually occurring within 30 days of surgery and up to one year after implantation.3,4 SSI is uncommon, with an incidence of 
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0.5%- 9.6%,5–8 but when it does occur, it may lead to catastrophic medical consequences, such as incision nonhealing, 
secondary surgery, and even sepsis and death.9 Furthermore, SSI has been reported to increase patient average hospital stays 
by 7 to 11 days, contributing approximately $3.5 billion to $10 billion in annual US healthcare expenditures.10 Considering 
that the population of patients who received OWHTO is growing as the prevalence of KOA increases globally,11 finding 
appropriate methods to effectively prevent SSI after OWHTO is a challenge that surgeons must address.

The National Nosocomial Infection Surveillance (NNIS) score is a widely applicable clinical tool for assessing the 
risk of SSI,12 whereas its predictive validity is hampered by low discrimination and poor targeting when applied to 
orthopedic plate internal fixation procedures.13,14 Currently, there are a few publications that have looked at postoperative 
SSI events following OWHTO.15–17 However, the understanding of its relevant factors is not deep enough. Woodacre 
et al reported epidemiological data on complications after OWHTO in 115 patients followed for at least 2 years, with 
a 3.5% incidence of SSI.18 Unfortunately, the study failed to reveal the underlying risk factors. Liu et al found that 
advanced age and diabetes were significantly associated with a high risk of postoperative SSI based on clinical data from 
59 patients with OWHTO,19 but the smaller sample size may have led to a significant bias. Recently, a national database- 
based retrospective study in Japan noted that artificial bone implantation and long anesthesia duration were independently 
associated with SSI.20 However, the shorter follow-up period (median of 34 days) and the identification of SSI patients 
based on code data, rather than clinical assessment, may decrease the accuracy of the conclusions. In addition, all of the 
above studies ignore the analysis of laboratory biomarkers that have a great predictive value for SSI, and reviewing risk 
factors in isolation does little to help surgeons get the exact likelihood of a patient developing SSI.

In order to explore more independent risk factors associated with SSI after OWHTO and help surgeons to use them 
integratively, this study included a relatively large sample size and transformed the combination of the final results into 
a predictive nomogram to make the risk of SSI in patients visualizable.

Materials and Methods
General Information
This was a retrospective single-center study, and consecutive patients who underwent OWHTO stabilized with a medial 
locked plate system for the treatment of medial compartment knee osteoarthritis between June 2017 to January 2022 in 
a tertiary referral and university-affiliated hospital were considered eligible for inclusion. Exclusion criteria were 
incomplete data, a diagnosis other than primary KOA, failed or less than 12 months follow-up, combined history of 
knee surgery and/or lower extremity trauma, combined malignancy, or severe psychiatric disorders. This present study 
was conducted following the consensus of the Declaration of Helsinki and based on the Strengthening the Reporting of 
Cohort Studies in Surgery (STROCSS) guidelines, which were approved by the Institutional Ethics Board (IRB). All 
patients and/or their family members were informed that their medical data were used for scientific research and have 
signed an informed consent document. All the data were analyzed with anonymization. According to the requirements for 
developing a clinical prediction model,21 the required sample size was calculated to be at least 310 cases with a target 
error of ≤0.05, thus our sample size (1294 cases) was apparently sufficient.

Data Collection
Collected clinical data included demographics, chronic comorbidities, preoperative radiographic images, treatment- 
related variables, and laboratory biomarkers. Demographic data involved the patient’s gender, age, body mass index 
(BMI), and place of residence (rural or urban). Chronic comorbidities included hypertension, diabetes, heart disease, 
tobacco consumption, alcohol consumption, surgical history, and allergy history. The severity of KOA on the preopera-
tive radiological images was graded according to the Kellgren-Lawrence (K-L) grading system.22 Treatment-related 
variables included pre-operative stay, the overall duration of stay, course of KOA, surgical side, osteotomy size, type of 
bone graft, ASA score, intraoperative blood loss, and duration of surgery. Laboratory biomarkers included red blood cell 
count (RBC), hematocrit (HCT), hemoglobin (HGB), white blood cell count (WBC), monocyte-to-lymphocyte ratio 
(MLR) level, and systemic immune-inflammation index (SII), defined as neutrophil count (NEU)×platelet count (PLT)/ 
lymphocyte count (LYM);23,24 total protein (TP), albumin (ALB), fasting blood glucose (FBG), and hypersensitive 
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C-reactive protein (HCRP). For patients who underwent multiple hematology tests preoperatively, the study collected 
data closest to the time of hospitalization.

Surgical Procedures and Clinical Pathways
Intraoperative prophylactic antibiotic treatment was administered intravenously 0.5 hours before making incision and 
anesthesia was performed by general anesthesia combined with ultrasound-guided femoral nerve block. Arthroscopy was 
performed routinely and treated as needed, then osteotomy was performed through a longitudinal skin incision inferior to 
the medial tibial plateau, preserving the pes anserinus and completely releasing the superficial layer of the medial 
collateral ligament. The horizontal osteotomy was established above the insertion of the pes anserine and parallel to the 
posterior tibial slope. The ascending coronal osteotomy is at an angle of 110° to the horizontal osteotomy plane. After 
completing the biplanar osteotomy, the osteotomy gap was slowly opened until the hip-knee-ankle angle reached 180°- 
182° and finally fixed with T-lock compression plates and screws (Double Medical Technology Inc., Xiamen, Fujian, 
China). According to the standardized postoperative clinical pathway, continuous negative pressure drainage was retained 
in all patients and typically removed after 24 hours. Cefazolin sodium Q6H 1g (clindamycin hydrochloride Q12H 0.6g if 
penicillin-allergic) antibiotic coverage was extended for 24 hours postoperatively. No bracing was utilized post- 
procedurally, and quadriceps isometric contractions and ankle pump exercises were started on the first day. 
Postoperatively, the dressing is changed regularly every 3–4 days until the stitches are removed at two weeks. Toes of 
the affected limb were allowed to touch the ground with the assistance of double crutches for the first 4 weeks, and the 
transition to full weight-bearing is usually gradual after 8 weeks.

Diagnosis of SSI
The Centers for Disease Control (CDC) definition of SSI was adopted for this study. Superficial SSI was defined as 
erythema, swelling, fever, and tenderness upon palpation of the skin and subcutaneous tissue at the wound site within 1 
month after surgery, which were usually resolved with frequent disinfection and dressing change and empirical oral 
antibiotics. Deep SSI was defined as infections involving deep soft tissue, muscle, or fascia within 12 months after the 
surgery, with persistent wound bleeding, dehiscence, visible abscesses or gangrene, which may require surgical debride-
ment, systemic antibiotic application, and implant replacement or removal.25 We reviewed all medical records, and 
pathogen culture records during the patient’s hospitalization, and routine postoperative telephone follow-ups of the 
patient for more than 12 months to identify SSI cases. These data were reviewed retrospectively and independently from 
the electronic medical records by two examiners (HCG and JHY) with expertise in orthopedics and mutually checked for 
accuracy, with any disagreements resolved by discussion with the senior chief physician.

Statistical Analysis
SPSS version 26.0 (IBM Corporation, Armonk, NY, USA) was applied to determine independent risk factors based on 
univariate and multivariate analyses. The normality of continuous variables was assessed following the results of the 
Kolmogorov–Smirnov test, and normally distributed data were expressed as mean ± standard deviation (SD) using the 
Student’s t-test. Otherwise, the Mann–Whitney test was used and expressed as the median and interquartile range (IQR). 
Categorical variables were assessed using the chi-square test or Fisher’s exact test.

For inflammatory indicators such as HCRP, MLR, and SII, after the t-test was performed, we further applied the 
Youden index to determine their optimal cutoff values so as to better guide clinical practice. Potential predictors screened 
for p <0.1 in univariate analyses were included in multivariate analyses, and backward stepwise logistic regression was 
used to determine independent predictors of SSI.

The “rms” and “DynNom” packages in R software (R Foundation for Statistical Computing, Vienna, Austria) were 
used to develop the nomogram. The receiver operating characteristic (ROC) curve, calibration curves, and decision curve 
analysis (DCA) to visually evaluate the model’s predictive power. The C-index and the area under the curve (AUC) are 
closer to 1, and the better the model’s discrimination ability. The calibration curve was presented to illustrate the 
consistency between the predicted probability of the model and the actual probability, and was further evaluated using the 
Hosmer-Lemeshow goodness-of-fit test. Brier score is an expansion of the Hosmer-Lemeshow test, and the closer it is to 

Clinical Interventions in Aging 2023:18                                                                                             https://doi.org/10.2147/CIA.S436816                                                                                                                                                                                                                       

DovePress                                                                                                                       
2143

Dovepress                                                                                                                                                             Guo et al

Powered by TCPDF (www.tcpdf.org)

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


0, the higher the ability of the model calibration. The net clinical benefit of the model was assessed by DCA. Internal 
validation was performed using the Bootstrap method to obtain the corrected C-index and corrected Brier scores after 
1000 replicate samples. p < 0.05 was considered statistically significant.

Results
Clinical Characteristics
Based on the inclusion and exclusion criteria, 1294 eligible patients were finally included in this study (Figure 1), of 
whom 878 (67.9%) were female, with a mean age of 56.6±7.9 years and mean BMI of 26.9±3.6 kg/m2. Surgical side was 
left in 609 (47.1%), right in 527 (40.7%), and bilateral in 158 cases (12.2%). The mean duration of surgery was 98.2 
±37.1 minutes. Postoperative follow-up was at least 12 months, and if a patient experienced the SSI event on multiple 
occasions, the event was counted only once and by the greatest severity. The results showed that 25 cases (1.93%) were 
diagnosed with SSI after OWHTO, including 6 cases (0.46%) of deep SSI and 19 cases (1.47%) of superficial SSI.

Univariate and Multivariate Analysis
Based on the maximum Youden index, the optimal cutoff value of HCRP for postoperative SSI was 2.6 mg/L. 
Correspondingly, SII was 423.62, and MLR was 0.24 (Table 1). Backward stepwise logistic regression was performed 
on the 9 covariates with p <0.1 in the univariate analysis to fit the prediction model. The results showed that tobacco 
consumption (OR= 3.44, 95% CI 1.35–8.78), osteotomy size ≥12 mm (OR= 3.38, 95% CI 1.27–9.02), the use of 
allogeneic bone or artificial bone graft substitutes (allogeneic bone vs none, OR= 4.08, 95% CI 1.09–15.30; artificial 
bone vs none, OR= 5.16, 95% CI 1.03–25.96), Kellgren-Lawrence (K-L) grade IV (OR= 2.57, 95% CI 1.02–6.50), 
systemic immune-inflammation index (SII) >423.62 (OR= 6.22, 95% CI 2.24–17.30), high-sensitivity C-reactive protein 
(HCRP) >2.6 mg/L (OR= 2.42, 95% CI 1.03–5.72), and a higher level of fasting blood glucose (FBG) (OR= 1.32, 95% 
CI 1.04–1.67) with a cut-off value of 5.7 mmol/L were independent risk factors for SSI after OWHTO (Table 2).

Construction and Validation of a Dynamic Nomogram
The seven predictors finally selected by the multivariate analysis were transformed into a simple nomogram and 
a dynamic nomogram by R software. The use of the simple nomogram (Figure 2a) is not conditioned, it allows the 
surgeon to draw a vertical line on the score axis of each variable, sum the scores to obtain the total score, and the 
predicted probability of SSI can be obtained by making a vertical line downward. The dynamic nomogram (Figure 2b) 

Figure 1 Flowchart for screening eligible patients.
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Table 1 Univariate Analysis of Variables of Interest Between SSI and Non-SSI Patients

Variables Non-SSI Group (n=1269) SSI Group (n=25) P-value

Gender (Male) 404 (31.8%) 12 (48.0%) 0.087
Age 56.6 ±4.6 57.7 ±7.9 0.105

BMI (kg/m2) 0.418

<28 1052 (82.9%) 19 (76.0%)
≥28 217 (17.1%) 6 (24.0%)

Living place 0.494

Rural 884 (69.7%) 19 (76.0%)
City 385 (30.3%) 6 (24.0%)

Hypertension 486 (38.3%) 8 (32.0%) 0.521
Diabetes mellitus 154 (12.1%) 7 (28.0%) 0.038*

Heart disease 107 (8.4%) 5 (20.0%) 0.093

Tobacco consumption 178 (14.0%) 8 (32.0%) 0.025*
Alcohol consumption 137 (10.8%) 4 (16.0%) 0.615

Previous surgery on any site 280 (22.1%) 6 (24.0%) 0.817

Allergic history 74 (5.8%) 3 (12.0%) 0.387
Pre-operative stay (days) 2.6±1.6 3.1±2.2 0.298

Overall duration of stay (days) 8.1±3.3 8.6±2.5 0.526

Course of KOA (years) 0.772
< 1 621 (48.9%) 12 (48.0%)

1–5 407 (32.1%) 6 (24.0%)

> 5 398 (31.4%) 7 (28.0%)
K-L grade 0.001*

I–III 1061 (83.6%) 14 (56.0%)

IV 208 (16.4%) 11 (44.0%)
Operated side 0.225

Left 584 (46.4%) 15 (60.0%)

Right 517 (41.1%) 9 (36.0%)
Simultaneous Bilateral 157 (12.5%) 1 (4.0%)

Correction size 9.6±2.2 10.1±1.9 0.203

≥12 mm 197 (15.5%) 7 (28.0%) 0.097
Bone grafting 0.048*

None 387 (30.5%) 3 (12.0%)

Autogenous bone 120 (9.5%) 2 (8.0%)
Allogeneic bone 603 (47.5%) 16 (64.0%)

Artificial bone 159 (12.5%) 4 (16.0%)

ASA score 0.561
I-II 1033 (81.4%) 22 (88.0%)

III-IV 236 (18.6%) 3 (12.0%)

Intraoperative blood loss (mL) 112.9±63.6 116.4±27.7 0.548
Duration of surgery (minutes) 98.0±36.9 106.2±37.4 0.272

RBC (< lower limitation) 183 (14.4%) 4 (16.0%) 1.000

HCT (< lower limitation) 212 (16.7%) 5 (20.0%) 0.868
HGB (< lower limitation) 175 (13.8%) 4 (16.0%) 0.981

WBC (> 10× 109/L) 68 (5.4%) 3 (12.0%) 0.317

SII 411.64±258.03 493.31±211.35 0.107
>423.62 478 (37.7%) 20 (80.0%) < 0.001*

MLR 0.24±0.10 0.27±0.07 0.242

>0.24 555 (43.7%) 15 (60.0%) 0.105
HCRP 2.39±2.92 2.72±2.74 0.692

>2.6 mg/L 453 (35.7%) 16 (64.0%) 0.004*

(Continued)
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requires surgeons to input the results of each covariate while connected to the network to display the predicted 
probability of SSI with 95% confidence intervals. The AUC corresponding to the ROC curve was 0.856 (95% CI: 
0.783–0.929) (Figure 3), and the cutoff score was 148, with a sensitivity of 76.0% and specificity of 81.0%, which 
indicates good model discrimination. The C-index and Brier score were 0.856 and 0.017, respectively, and after 
Bootstrap validation (B= 1000 replicates), the correction values were 0.820 and 0.018, respectively, indicating that the 
model performed well overall. The Hosmer-Lemeshow χ2 statistic of the calibration curve (Figure 4) was 7.70 (P= 
0.464), which illustrated the accuracy of the absolute risk prediction values. DCA shows that the application of the 
nomogram provides a net positive benefit when the threshold probability is in the range of 0.02~0.58 (Figure 5).

Discussion
Surgical site infection (SSI) after OWHTO is a rare but serious complication that can lead to nonunion of the osteotomy 
gap, implant loosening or failure, and even osteomyelitis and death.5 In the present study, tobacco consumption, 
osteotomy size ≥12 mm, the use of allogeneic bone or artificial bone graft substitutes, K-L grade IV, HCRP >2.6 mg/ 
L, SII >423.62, and elevated FBG were identified as independently associated with the high risk of SSI. Based on these 

Table 1 (Continued). 

Variables Non-SSI Group (n=1269) SSI Group (n=25) P-value

TP (g/L) 68.21±5.6 67.3±5.8 0.439

ALB (g/L) 42.9±3.4 41.8±3.5 0.114
FBG (mmol/L) 5.1±2.3 6.0±2.1 0.028*

Note: *Statistical significance. 
Abbreviations: SSI, surgical site infection; BMI, body mass index; KOA, knee osteoarthritis; K-L grade, Kellgren- 
Lawrence grade; ASA, American Society of Anesthesiologists; RBC, red blood cell, reference range: Female, 3.5– 
5.0×1012/ L; males, 4.0–5.5×1012/L; HCT, hematocrit, reference range: Females, 35–45%; males, 40–50%; HGB, 
hemoglobin, reference range: Females, 110–150g/L; males, 120–160g/L; WBC, white blood cell; SII, systemic 
immune-inflammation index; MLR, monocyte-to-lymphocyte ratio; HCRP, high-sensitivity C-reactive protein; TP, 
total protein; ALB, albumin; FBG, fasting blood glucose.

Table 2 Multivariate Analyses of the Independent Risk Factors 
Associated with Postoperative SSI

Variables P value Odds Ratio 95% CI

Tobacco consumption 0.010* 3.44 1.35–8.78

Bone grafting
None 1.000

Autogenous bone 0.279 2.80 0.44–17.98

Allogeneic bone 0.037* 4.08 1.09–15.30
Artificial bone 0.047* 5.16 1.03–25.96

Correction size (≥12 mm) 0.015* 3.38 1.27–9.02

K-L grade
I–III 1.000

IV 0.046* 2.57 1.02–6.50

FBG (mmol/L) 0.022* 1.32 1.04–1.67
SII (>423.62) <0.001* 6.22 2.24–17.30

HCRP (>2.6 mg/L) 0.044* 2.42 1.03–5.72

Note: *Statistical significance. 
Abbreviations: OR, odd ratio; CI, confidence interval; K-L grade, Kellgren- 
Lawrence grade; SII, systemic immune-inflammation index; FBG, fasting blood glu-
cose; HCRP, high-sensitivity C-reactive protein.
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predictors, a nomogram model for predicting SSI after OWHTO was developed for the first time in this study, which has 
excellent translatability for clinical application.

Diabetes can cause microangiopathy, resulting in local tissue ischemia and thus delaying wound healing and predisposing 
to infection.26 This conclusion is consistent with the results of the univariate analysis. However, after multifactorial analysis, 
we found that combined diabetes mellitus was not an independent risk factor for the development of SSI, while preoperative 
blood glucose level was a significant predictor. This may be because the altered local internal environment caused by 
hyperglycemia and the suppression of immune cell function are the key factors in SSI,27 not the presence or absence of 

Figure 2 The simple nomogram (a) and dynamic nomogram (b) for predicting the risk of SSI after OWTHO. p values are indicated as one star (*) if p < 0.05, two stars (**) if 
p < 0.01, and three stars (***) if p < 0.001. (Access to dynamic nomogram: https://dynanomogram.shinyapps.io/dynnomapp/). 
Abbreviations: HCRP, high-sensitivity C-reactive protein, SII, systemic immune-inflammation index; FBG, fasting blood glucose; K-L grade, Kellgren-Lawrence grade.
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Figure 3 Receiver operating characteristic (ROC) curve of the predictive model. The AUC had a positive correlation with the prediction accuracy of the nomogram.

Figure 4 Calibration curve of the model for predicting the risk of SSI. The closer the apparent and bias-corrected curves are to the ideal dashed line, the better the 
predictive consistency of the nomogram.
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a history of diabetes. Pennington et al also found that elevated perioperative blood glucose levels are associated with an 
increased risk of SSI, even when the patient does not have comorbid diabetes mellitus.28 Therefore, surgical teams should 
tightly control blood glucose levels during the perioperative period, regardless of whether the patient has comorbid diabetes.

As a novel indicator of systemic inflammation, elevated SII values, mostly caused by elevated neutrophil and platelet 
levels and decreased lymphocyte levels, indicate that the patient’s organism is in a state of increased inflammatory response 
and diminished immune response.29 In the present study, we found that SII >423.62 was significantly associated with 
a 6.2-fold increased risk of SSI after OWHTO. In addition, numerous studies have shown that SII has a good diagnostic and 
predictive value for different types of infections.30–32 HCRP is an acute-phase protein whose levels increase with the 
progression of inflammation. However, in addition to infection, numerous confounding factors such as advanced age and 
trauma can affect the level of HCRP,33 so the study applied the Youden index to redefine the threshold (2.6 mg/L). 
Compared to the traditional threshold (6.0 mg/L), this will undoubtedly significantly improve the diagnostic sensitivity and 
facilitate the detection of early as well as minor infections. In conclusion, SII and HCRP, as low-cost and readily available 
predictors of SSI, can significantly improve clinicians’ diagnostic accuracy for SSI when combined with other risk factors.

To our knowledge, this is the first study to associate K-L grade IV with the risk of SSI after OWHTO. It is likely due 
to the following facts: first, severe KOA often means a greater degree of intraoperative orthopedic and tissue trauma, as 
well as a longer postoperative healing period,34 which tends to increase the likelihood of exposure to bacteria. Second, 
prolonged and significant knee pain in patients with severe KOA results in decreased local sensory sensitivity,35 which is 
not conducive to early detection and treatment of infection. Furthermore, altered local vascular status, such as stenosis or 
sclerosis, exacerbates microcirculatory abnormalities and impairs recovery in the surgical area.36 In addition, severe 
KOA was accompanied by significantly elevated levels of systemic inflammatory factors, such as interleukin-6 (IL-6) and 
tumor necrosis factor-α (TNF-α), and a significant association between these factors and infection was recognized.37,38 

Therefore, the role of the K-L grade in predicting SSI events should not be ignored.
This study found that intraoperative osteotomy size ≥1.2 mm significantly increased the risk of SSI after OWHTO. This is 

associated with greater intraoperative trauma, bleeding, and poor circulation due to increased local tissue tension. Therefore, 
special attention should be paid to patients with an osteotomy size ≥1.2 mm in the perioperative period, while other risk factors 

Figure 5 Decision curve analysis (DCA) of the nomogram for predicting the risk of SSI. DCA showed that using the predictive nomogram approach resulted in more net 
benefit for a threshold probability interval of 2~58%.
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should be more strictly controlled. Furthermore, after adjusting for confounders in the present study, the use of allogeneic bone 
or artificial bone graft substitutes was significantly associated with SSI, which was also the conclusion of a large national 
database analysis involving 12,853 patients.20 This may be because bone graft substitutes cause soft tissue irritation and may 
even derange osseous consolidation.39 Therefore, we recommend that surgeons should fully weigh the pros and cons of 
different bone grafting modalities and use allogeneic bone or artificial bone implants with caution, especially in patients with 
a support height ≥12 mm or combined with other high-risk factors, in order to reduce the risk of SSI.

In addition, tobacco consumption is a recognized risk factor for postoperative SSI in surgical patients.40 Harmful 
substances such as nicotine and tar in tobacco cause peripheral vasoconstriction decreased elasticity, and increased 
platelet aggregation, predisposing to micro thrombosis and leading to local hypoxia.41 These factors adversely affect 
wound healing and tissue regeneration. In the present study, smokers had a 3.55-fold increased risk of SSI compared to 
non-smokers, which is consistent with the report by John et al.42 These results suggest that patients may benefit from 
strict preoperative smoking cessation interventions.

We did not find a significant association of age with the risk of SSI after OWHTO, inconsistent with some studies 
focused on other orthopedic procedures,43–45 but in line with a more recent study with the same context as ours, that is, 
focus on SSI after OWHTO for varus KOA.46 We think there are several possible explanations. Firstly, it is related to the 
aggregation of operative age in KOA patients. More than 80% of the patients in our study were located in the age 
spectrum of 50~60 years, and the narrow age interval makes it difficult to accentuate the cumulative effect of increased 
risk. Secondly, the physiological age of the patient is more likely to have a meaningful effect than the biological age,47 as 
the increased age reflects more of a substitute or proxy indicator for factors such as decreased immune function, 
combined underlying diseases, poor nutritional status, and adverse lifestyle.48,49 Therefore, the effect of age is no longer 
statistically significant in a multifactorial model after adjustment for these factors. Finally, the lower prevalence of SSI 
prevented a statistically significant risk effect from being obtained with a relatively limited sample size, ie, our results 
may be biased by statistical type II error.50 A further increase in sample size might yield statistically significant results.

The main advantages of this study are the large sample size and the transformation of independent risk factors into 
a predictive nomogram model, which allows surgeons to make individualized risk assessments of patients with OWHTO. 
All seven predictors can be quickly obtained from the patient’s routine postoperative laboratory results and admission 
report. On this basis, the predicted probability of SSI can be obtained in a few minutes by keying in the results on a web 
page or by drawing vertical lines on the corresponding axes.

However, there are still several limitations of this study. First, the retrospective study inherited an unavoidable 
selection bias. Second, the acquisition of some of the covariates (eg, medical comorbidities, duration of disease) mainly 
relies on patients’ self-reports, and the accuracy of this information depended on how well patients knew their condition. 
Third, this retrospective data failed to obtain specific information about surgeons, such as years in practice, and these 
details may potentially affect the results. Fourth, to improve the predictive accuracy of the model, we did not include 
patients with several special conditions (eg, combined trauma, malignancy, or severe mental disorders), so the nomogram 
may not apply to this population. Fifth, despite good internal validation results, this single-center study still requires 
a large prospective study with multi-center data to confirm the external applicability of the model.

Conclusion
In conclusion, the incidence of SSI after OWHTO in patients with KOA is relatively low (1.93%), but it should not be 
ignored. Tobacco consumption, osteotomy size ≥12 mm, the use of allogeneic bone or artificial bone graft substitutes, 
K-L grade IV, HCRP >2.6 mg/L, SII >423.62, and elevated FBG were identified as independent risk factors for SSI after 
OWHTO. We developed a combination of seven predictors as a dynamic nomogram model with a cutoff score of 148. 
Surgical teams should recognize the importance of actively optimizing risk factors, such as encouraging smoking 
cessation, tightly controlling glycemic, and using artificial bone implants cautiously, to decrease SSI rates and preclude 
catastrophic medical outcomes whenever possible.

Data Sharing Statement
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