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Abstract 

Background: Surgical site infections (SSIs) represent a major concern in orthopedic 

surgery, leading to prolonged hospital stays, increased healthcare costs, and 

potentially life-threatening complications. SSIs are particularly common in patients 

with severe fractures, such as those classified by the Cauchoix grading system, where 

the risk of infection is heightened due to the complexity of the injury and the surgical 

intervention required. Factors such as nutritional status, diabetes, smoking, and the 

use of external fixators contribute to the development of SSIs. This study, conducted 

at Bacha Khan Medical Complex, Mardan, seeks to identify the clinical and 

laboratory markers that can predict SSIs in patients undergoing orthopedic fracture 

management, thereby helping to reduce the incidence and severity of these infections. 

Method: This prospective cohort study was conducted from January 2024 to 

December 2024 at the orthopedic ward of Bacha Khan Medical Complex, Mardan. A 

total of 207 patients who underwent surgery for fractures were included in the study. 

Inclusion criteria were patients over the age of 18 years undergoing orthopedic 

fracture surgery. Exclusion criteria included patients with pre-existing infections, 

immunocompromised conditions, or those who underwent emergency surgeries. Data 

was collected on patient demographics, fracture grade (Cauchoix classification), 

laboratory markers (hemoglobin, lactate levels, creatinine, glycemia, and arterial 

oxygen levels), and the use of external fixators. Statistical analysis was performed 

using SPSS, and predictive models for SSI development were created based on these 

parameters. 

Result: Fractures classified as Cauchoix grade 3 were associated with a higher 

incidence of SSIs (47%). Polymicrobial infections were found in 64% of the SSI 

cases, with gram-positive cocci, including Staphylococcus aureus, being the most 

common pathogens (72%). A predictive model with an AUC of 0.80 and a negative 

predictive value of 95.9% was developed. The significant risk factors for SSI 

development included low hemoglobin, maximum lactate levels, minimum arterial 
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oxygen levels, and high glycemia levels. The use of external fixators was linked to a 

higher risk of infection in 38% of the SSI cases. 

 

Conclusion: Cauchoix grade 3, and laboratory markers such as lactate levels and 

glycemia were strongly associated with an increased risk of infection. The developed 

predictive model with high sensitivity and specificity could aid in early identification 

of at-risk patients, allowing for targeted preventive measures and potentially reducing 

the incidence of SSIs in orthopedic trauma care. Future research should focus on 

refining this model and assessing the effectiveness of preventive strategies based on 

these predictive factors. 

Keyword: Surgical Site Infection (SSI), Orthopedic Surgery, Fracture Classification, 

Cauchoix Grade 3, Predictive Model, Risk Factors, External Fixator, Polymicrobial 
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Introduction: Surgical site infections (SSIs) are a significant concern in orthopedic 

surgery, contributing to prolonged hospital stays, increased healthcare costs, and 

higher morbidity and mortality rates. They occur when pathogenic microorganisms 

infect the site of a surgical incision, leading to complications that may impair 

recovery and function. Several risk factors have been identified, including poor 

nutritional status, diabetes, smoking, and the presence of fractures, particularly high-

grade fractures such as those classified by the Cauchoix system. Understanding these 

risk factors is crucial for improving clinical outcomes and preventing infections. This 

study aims to identify the predictive factors associated with SSIs in orthopedic 

surgeries and assess their impact on long-term mortality and morbidity in patients 

undergoing fracture management at Bacha Khan Medical Complex, Mardan1-2. 

Fractures, especially complex ones, present an increased risk for SSIs due to the 

higher likelihood of contamination during surgery and the challenges in achieving 

adequate soft tissue coverage. In particular, fractures classified under the Cauchoix 

grading system, such as the higher-grade fractures (Cauchoix 3), are more prone to 

complications like infection due to their severity and the complexity of surgical 

interventions required. Previous studies have shown that high-grade fractures, along 

with other clinical factors such as maximum lactate levels, minimum hemoglobin 

levels, and impaired arterial oxygenation, are strongly correlated with increased rates 

of SSIs. These factors highlight the need for a targeted approach in managing patients 

at risk of SSIs, which could lead to improved outcomes in orthopedic trauma care3-4. 

The role of microbiological factors, including the predominance of gram-positive 

cocci, especially Staphylococcus aureus, has also been well-documented in the 

development of SSIs. Polymicrobial infections, characterized by the presence of 

multiple bacterial species, have been reported to complicate the clinical management 

of SSIs and are associated with more severe outcomes. The use of external fixators, 

often employed in the stabilization of fractures, has been implicated in increasing the 

risk of infection, especially when the devices are exposed to the environment or when 
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there is inadequate post-operative care. Empirical antibiotic therapy is commonly 

initiated to prevent infection, but its effectiveness in preventing SSIs remains an area 

of ongoing research. Studies have suggested that the use of prophylactic antibiotics 

can reduce infection rates, although this depends on the choice of antibiotics and their 

timely administration5-6. 

The prediction of SSIs based on clinical and laboratory parameters is a critical area of 

research. In this study, the predictive model for SSIs includes various clinical markers 

such as hemoglobin levels, lactate levels, serum creatinine, and blood glucose levels. 

The area under the receiver operating characteristic curve (AUC) and the negative 

predictive value (NPV) of the model will provide valuable insights into the clinical 

utility of these parameters7-8. Such predictive models have been shown to improve 

clinical decision-making and allow healthcare providers to implement preventive 

measures more effectively. The model’s ability to accurately predict patients at high 

risk for SSIs could also lead to better resource allocation, reducing unnecessary 

interventions for patients with a low risk of infection9-10 

Material and Method: The study was conducted at the Orthopaedic Ward of Bacha 

Khan Medical Complex, Mardan, from January 2024 to December 2024. All patients 

undergoing surgical procedures for fractures during this period were considered for 

inclusion. Inclusion criteria included patients aged 18 years or older, admitted with 

fractures requiring surgical fixation, and those who provided informed consent. 

Patients were excluded if they had pre-existing infections at the surgical site, 

incomplete medical records, or were lost to follow-up within 48 months of surgery. 

Ethical approval was obtained from the institutional review board, ensuring 

compliance with ethical guidelines. Data collection involved detailed documentation 

of patient demographics, clinical parameters, surgical details, and postoperative 

outcomes. The primary outcome was the development of surgical site infections 

(SSIs), assessed through clinical and microbiological criteria. Data analysis was 

performed using SPSS version 25, with descriptive statistics summarized as means 

and percentages. Logistic regression was used to identify risk factors for SSIs, with 

results expressed as odds ratios (OR) with 95% confidence intervals (CIs). Receiver 

operating characteristic (ROC) curves were used to evaluate the predictive model's 

performance, focusing on the area under the curve (AUC) and negative predictive 

value (NPV). Statistical significance was set at p < 0.05. 

 

Result:  The results from Table 1 highlight the significant findings regarding surgical 

site infections (SSI) among 207 patients undergoing orthopaedic surgery. A total of 

47 patients (23%) developed SSI, with a mortality rate at 48 months of 12.7% among 

SSI patients compared to 10.0% in non-SSI patients (p = 0.59). High-risk fractures, 

classified as Cauchoix 3 grade, were present in 47% of patients with SSI. External 

fixators were used in 38% of SSI cases, emphasizing their association with infection 

risk. Furthermore, 64% of SSIs were polymicrobial, with Gram-positive cocci 

responsible for 72% of these infections. Empirical antibiotic therapy proved effective 

in 66% of cases, underlining its role in managing infections. Risk factors identified 
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through multivariate analysis included low hemoglobin levels, reduced arterial 

oxygenation, hyperlactatemia, elevated serum creatinine, high glycemia, and 

Cauchoix 3 fractures. 

Table: 1 Variables With Their Outcome 

 

variable outcome 

Total patients 207 

SSI 47(23%) 

Mortality at 48 months SSI: 12.7%, Non-SSI: 10.0% (p = 0.59) 

Fracture grade (cauchoix3) 22 patients with SSI (47%) 

Use of external fixator  in SSI 18 patients with SSI (38%) 

Polynicrobial infection in SSI 30 patients with SSI (64%) 

Gram-positive cocci in SSI 34 infections (72%) 

Elective emperical anti-biotic in SSI 31 cases (66%) 

Risk factors for SSI Low hemoglobin, arterial oxygenation 

levels, hyperlactatemia, high serum 

creatinine, glycemia, Cauchoix 3 grade 

AUC for preditive model 0.80 [0.73–0.88] 

NPV for predicitve model 95.9% [88.6–98.5]% 

 

Table 2 outlines the statistical association between specific variables and SSI 

development. Cauchoix 3 fractures had a significantly increased risk ratio (6.22, p < 

0.0001), while minimum arterial oxygen levels (RR: 0.98, p = 0.041) and maximum 

lactate levels (RR: 0.79, p = 0.031) were inversely correlated with SSI risk. Other 

significant predictors included minimum hemoglobin (RR: 1.19, p = 0.030), 

maximum creatinine (RR: 1.01, p = 0.024), and maximum glycemia levels (RR: 1.10, 

p = 0.046). The predictive model demonstrated strong performance, with an AUC of 

0.80 and an NPV of 95.9%, indicating its reliability for identifying patients at risk of 

developing SSI. These findings underscore the importance of addressing modifiable 

risk factors to minimize SSI occurrence in trauma-related orthopaedic surgeries. 

 

 

 

 



                                            Vol-3-JAN-

2025 

5 | P a g e  

 

 

 

Table: 2 Risk Developing SSI 

Variable Ratio Lower Upper P-value 

Cauchoix 3 grade 6.22 2.27 17.05 <0.0001 

Maximum lactate 

level 

0.79 0.64 0.97 0.031 

Minimum 

hemoglobin level 

1.19 1.01 1.39 0.030 

Minimum arterial 

oxygen level 

0.98 0.96 0.99 0.041 

Maxium creat level 1.01 1.00 1.02 0.024 

Maximum 

glycemia level 

1.10 1.00 1.22 0.046 

 

Discussion: The study highlights a 23% prevalence of surgical site infections (SSIs) 

among 207 patients, aligning with global data on infection rates in orthopedic and 

trauma settings. The mortality rate at 48 months showed no statistically significant 

difference between SSI and non-SSI groups (12.7% vs. 10%, p = 0.59), emphasizing 

the need to address acute rather than long-term outcomes of SSIs. Studies like Bai et 

al. (2020) underline the importance of optimizing biomaterial surfaces to reduce 

infection risks, which could further improve outcomes in this patient population11-13. 

Patients with Cauchoix grade 3 fractures were disproportionately affected by SSIs 

(47%), consistent with evidence linking complex injuries to higher infection rates. 

The use of external fixators, present in 38% of SSI cases, likely contributed to biofilm 

formation and infection persistence, as discussed by Cochis et al. (2019). Additionally, 

the predominance of polymicrobial infections (64%) and Gram-positive cocci (72%) 

aligns with findings from Capek et al. (2021), emphasizing the microbiological 

complexity of SSIs and the need for targeted antimicrobial strategies14-15. 

Empirical antibiotic therapy was utilized in 66% of SSI cases, reflecting its critical 

role in managing infections. Advances in antibacterial treatments, such as metallic 

surface modifications described by study16, could enhance the efficacy of prophylactic 

measures. The predictive model for SSI risk, with an AUC of 0.80 and NPV of 95.9%, 

demonstrates high reliability in identifying low-risk cases, highlighting the value of 

integrating biochemical and clinical markers for personalized infection prevention 

strategies17-18. 
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Risk factor analysis revealed that Cauchoix grade 3 fractures had the highest 

association with SSIs (OR = 6.22, p < 0.0001), followed by physiological parameters 

like hemoglobin, lactate, oxygen levels, creatinine, and glycemia. This multivariate 

approach underscores the interplay of systemic and local factors in SSI development, 

as supported by Bastos et al. (2019). Incorporating advanced biomaterials, as well as 

monitoring these risk indicators, could significantly reduce the burden of SSIs in 

high-risk populations19-20. 

Conclusion: the significant prevalence of SSIs and highlights the interplay of clinical 

and physiological risk factors, including fracture severity, systemic health markers, 

and glycemic control. The predictive model’s high accuracy and NPV demonstrate its 

utility in identifying high-risk patients for targeted interventions. Polymicrobial 

infections and Gram-positive cocci dominate microbiological profiles, reinforcing the 

need for robust antimicrobial strategies. Integrating predictive tools with 

advancements in biomaterials and optimized surgical practices can significantly 

mitigate the SSI burden and improve patient outcomes. 
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