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Abstract 
Background:  Surgical site infections (SSIs) are among the most common postoperative 
complications, contributing significantly to patient morbidity, prolonged hospitalization, 
and increased healthcare costs. Antibiotic prophylaxis is widely used to prevent SSIs; 
however, its effectiveness varies depending on the type of surgical wound and 
perioperative practices. Objective: To systematically evaluate and quantify the 
effectiveness of antibiotic prophylaxis in reducing SSIs across different surgical wound 
classifications (clean, clean-contaminated, contaminated, and dirty wounds). Methods: 
This systematic review and meta-analysis was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. A 
comprehensive search of PubMed, Embase, Scopus, and Cochrane Library databases was 
performed for studies published up to December 2025. Randomized controlled trials and 
observational studies comparing antibiotic prophylaxis with no prophylaxis or placebo 
were included. The primary outcome was SSI incidence. Pooled odds ratios (ORs) with 
95% confidence intervals (CIs) were calculated using a random-effects model. Results: A 
total of 42 studies involving approximately 38,000 patients were included. Antibiotic 
prophylaxis significantly reduced the risk of SSIs (pooled OR: 0.52; 95% CI: 0.44–0.61). 
Subgroup analysis demonstrated a modest benefit in clean surgeries (OR: 0.78), 
significant benefit in clean-contaminated procedures (OR: 0.55), and a strong effect in 
contaminated surgeries (OR: 0.40). No additional benefit was observed with prolonged 
antibiotic use beyond 24 hours (OR: 0.95; 95% CI: 0.81–1.12). Administration within 60 
minutes prior to incision was associated with optimal outcomes. Conclusion: Antibiotic 
prophylaxis significantly reduces SSI rates, particularly in clean-contaminated and 
contaminated surgeries. Short-duration, appropriately timed prophylaxis should be 
emphasized, while routine use in low-risk clean procedures should be selective to 
minimize antimicrobial resistance and adverse effects. 
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INTRODUCTION 
Surgical site infections (SSIs) remain one of the most common postoperative complications worldwide and are a major 

cause of increased morbidity, prolonged hospital stay, and healthcare costs [1]. Despite significant advances in aseptic 

techniques, sterilization protocols, and perioperative care, SSIs continue to account for a substantial proportion of hospital-

acquired infections, particularly in low- and middle-income countries [2]. 

 

Antibiotic prophylaxis, defined as the administration of antimicrobial agents prior to surgical incision to prevent 

postoperative infections, has become a cornerstone in modern surgical practice [3]. Its effectiveness depends on appropriate 
selection of antibiotic, timing of administration, dosage, and duration of therapy [4]. Evidence suggests that timely 

prophylaxis, particularly when administered within 60 minutes before incision, significantly reduces the incidence of SSIs 

[5]. 

 

The risk of SSI varies considerably depending on the type of surgical wound, which is traditionally classified into four 

categories: clean, clean-contaminated, contaminated, and dirty/infected wounds [6]. Clean wounds, typically involving 

non-traumatic, uninfected operative fields without entry into the respiratory, gastrointestinal, or genitourinary tracts, have 

a relatively low baseline risk of infection. In contrast, clean-contaminated and contaminated wounds carry a higher risk 

due to controlled or accidental entry into these tracts, while dirty wounds are associated with established infection or gross 

contamination [7]. 
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The role of antibiotic prophylaxis differs across these wound classes. While its benefit is well established in clean-

contaminated and contaminated surgeries, its routine use in clean procedures remains controversial due to the relatively 

low baseline infection risk and concerns regarding antimicrobial resistance, adverse drug reactions, and increased 

healthcare costs [8]. Moreover, in dirty wounds, antibiotics are considered therapeutic rather than prophylactic, further 

complicating their evaluation in such cases [9]. 

 

Recent systematic reviews and meta-analyses have demonstrated that antibiotic prophylaxis can reduce SSI rates by 
approximately 40–60%, although the magnitude of benefit varies depending on surgical type and patient-related risk factors 

[10,11]. Additionally, emerging evidence indicates that prolonged antibiotic prophylaxis beyond 24 hours does not confer 

additional benefit and may contribute to antimicrobial resistance [12]. 

 

Given the growing global concern regarding antimicrobial stewardship and the need for evidence-based surgical practices, 

a comprehensive evaluation of the effectiveness of antibiotic prophylaxis across different wound classes is essential. This 

systematic review and meta-analysis aim to synthesize current evidence on the role of antibiotic prophylaxis in preventing 

SSIs, with a particular focus on its differential effectiveness across surgical wound classifications. 

 

MATERIALS AND METHODS 

Study Design and Reporting Guidelines 
This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses guidelines [13]. The methodology was predefined to ensure transparency, reproducibility, and 

methodological rigor. 

 

Search Strategy 
A comprehensive literature search was performed across the following electronic databases: 
• PubMed/MEDLINE  

• Embase  

• Scopus  

• Cochrane Library  

The search included studies published up to December 2025. The following keywords and Boolean operators were used: 

(“antibiotic prophylaxis” OR “surgical prophylaxis”) AND (“surgical site infection” OR “SSI”) AND (“wound 

classification” OR “clean” OR “contaminated surgery”) AND (“randomized controlled trial” OR “cohort study” OR “meta-

analysis”) 

Additionally, reference lists of relevant articles were manually screened to identify further eligible studies [14]. 

 

Eligibility Criteria 

Inclusion Criteria 
i. Randomized controlled trials (RCTs) and observational studies (cohort or case-control)  

ii. Studies involving adult patients undergoing surgical procedures  

iii. Studies comparing antibiotic prophylaxis vs no prophylaxis/placebo  

iv. Studies reporting SSI outcomes  

v. Studies categorizing surgeries based on wound classification  

 

Exclusion Criteria 
i. Case reports, case series, and reviews  

ii. Non-human studies  

iii. Studies lacking clear wound classification  

iv. Studies without extractable outcome data  

 

Study Selection Process 
All retrieved records were imported into reference management software, and duplicates were removed. Two independent 

reviewers screened titles and abstracts for eligibility. Full-text articles were then assessed against inclusion and exclusion 

criteria. Discrepancies were resolved through discussion or consultation with a third reviewer [15]. 

 

Data Extraction 
Data were independently extracted by two reviewers using a standardized data extraction form. The following variables 

were collected: 

• Author and year of publication  

• Study design  

• Sample size  
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• Type of surgical procedure  

• Wound classification (clean, clean-contaminated, contaminated, dirty)  

• Antibiotic regimen (drug, timing, duration)  

• Comparator (placebo or no antibiotic)  

• Primary outcome: incidence of SSI  

• Secondary outcomes: length of hospital stay, adverse events  

 

Risk of Bias Assessment 
The methodological quality of included studies was assessed using: 

• Cochrane Risk of Bias Tool for randomized controlled trials  

• Newcastle–Ottawa Scale for observational studies  

Each study was categorized as low, moderate, or high risk of bias [16]. 

 

Outcome Measures 

Primary Outcome 
• Incidence of surgical site infection (SSI)  

 

Secondary Outcomes 
• Length of hospital stay  

• Postoperative complications  

• Antibiotic-related adverse events  

 

Statistical Analysis 
Meta-analysis was performed using Review Manager (RevMan) and STATA software. 
• Effect size was expressed as Odds Ratio (OR) with 95% Confidence Intervals (CI)  

• A random-effects model was used to account for clinical and methodological heterogeneity  

• Statistical heterogeneity was assessed using the I² statistic  

o I² > 50% considered significant heterogeneity  

Subgroup analyses were performed based on: 

• Wound classification  

• Type of surgery  

• Duration of antibiotic prophylaxis  

 

Publication Bias 
Publication bias was assessed using funnel plots and Egger’s regression test when ≥10 studies were included in the analysis 

[17]. 

 

Sensitivity Analysis 
Sensitivity analyses were conducted by excluding: 

• Studies with high risk of bias  

• Small sample size studies  

to evaluate the robustness of pooled estimates [18]. 
 

Ethical Considerations 
As this study is a systematic review and meta-analysis of previously published data, ethical approval was not required. 

 

 

RESULTS 
A total of 1,245 records were identified through database searching, of which 312 duplicates were removed. Following title 

and abstract screening, 146 articles were assessed for full-text eligibility. Ultimately, 42 studies met the inclusion criteria 

and were included in the final analysis, comprising approximately 38,000 patients across multiple surgical specialties [19]. 

The included studies consisted of 24 randomized controlled trials (RCTs) and 18 observational studies, conducted across 

diverse geographic regions and healthcare settings. 
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Figure 1. PRISMA Flow Diagram of Study Selection. Flow diagram illustrating the study selection process 

according to the PRISMA guidelines. A total of 1,245 records were identified through database searching, with 

312 duplicates removed. After screening, 42 studies were included in the final qualitative and quantitative 

synthesis. 
 

Overall, antibiotic prophylaxis demonstrated a statistically significant reduction in surgical site infections (SSIs) compared 

to no prophylaxis or placebo. The pooled analysis yielded an odds ratio (OR) of 0.52 (95% CI: 0.44–0.61), corresponding 
to a 48% relative reduction in SSI incidence. Moderate heterogeneity was observed (I² = 56%), likely reflecting variability 

in surgical procedures, patient populations, and antibiotic protocols [20]. 

Table 1. General Characteristics of Included Studies 

Characteristic Description 

Total studies 42 

Total patients ~38,000 

Study design 24 RCTs, 18 cohort studies 

Study period Up to December 2025 

Geographic distribution Asia, Europe, North America 

Surgical specialties General surgery, GI, orthopedics, urology 

Primary outcome SSI incidence 

Secondary outcomes LOS, complications, adverse events 

 

Table 2. Distribution of Studies by Surgical Specialty 

Specialty No. of Studies Percentage (%) 

General surgery 14 33.3% 

Gastrointestinal/Colorectal 10 23.8% 

Orthopedic 8 19.0% 

Urology 5 11.9% 

Others 5 11.9% 

Subgroup analysis based on wound classification revealed progressively increasing effectiveness of antibiotic prophylaxis 

with increasing contamination level. The benefit was minimal in clean surgeries but became highly significant in 

contaminated procedures. 

 

Table 3. Subgroup Analysis by Wound Class 

Wound Class No. of Studies Sample Size Pooled OR (95% CI) I² (%) Interpretation 

Clean 12 ~9,500 0.78 (0.62–0.98) 42% Modest benefit 

Clean-contaminated 15 ~13,200 0.55 (0.45–0.67) 51% Significant benefit 

Contaminated 9 ~10,000 0.40 (0.30–0.54) 60% Strong benefit 

Dirty/Infected 6 ~5,300 Not pooled — Therapeutic role 

In clean wound surgeries, the relatively low baseline risk of SSI resulted in a smaller absolute risk reduction, raising 

questions about routine prophylaxis in all cases. Conversely, in clean-contaminated and contaminated surgeries, the higher 

baseline infection risk translated into a greater absolute and relative benefit, supporting routine antibiotic use [21]. 
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Table 4. Timing of Antibiotic Administration 

Timing of Administration No. of Studies SSI Reduction (OR) Interpretation 

≤60 min before incision 22 0.48 (0.39–0.58) Optimal timing 

>60 min before incision 8 0.70 (0.55–0.89) Reduced effectiveness 

Post-incision 6 0.92 (0.75–1.13) Minimal benefit 

Timing analysis showed that administration within 60 minutes prior to incision was associated with the greatest reduction 
in SSI risk, while delayed or postoperative administration provided minimal benefit [22]. 

 

Table 5. Duration of Antibiotic Prophylaxis 

Duration No. of Studies Pooled OR (95% CI) I² (%) Interpretation 

Single dose 10 0.54 (0.42–0.69) 48% Effective 

≤24 hours 8 0.51 (0.40–0.65) 52% Standard care 

>24 hours 18 0.95 (0.81–1.12) 39% No added benefit 

Analysis of antibiotic duration demonstrated that short-course prophylaxis (single dose or ≤24 hours) was as effective 

as prolonged regimens. Extended antibiotic use did not significantly reduce SSI rates, reinforcing current recommendations 

favoring shorter durations to minimize antimicrobial resistance [23]. 

 

Table 6. Procedure-Specific Outcomes 

Procedure Type No. of Studies Pooled OR (95% CI) Interpretation 

Colorectal surgery 8 0.45 (0.35–0.58) Strong benefit 

Orthopedic (implant) 6 0.50 (0.38–0.66) Significant benefit 

Hernia repair 5 0.72 (0.55–0.94) Moderate benefit 

Urological procedures 4 0.60 (0.44–0.82) Significant benefit 

Procedure-specific analysis indicated that colorectal and orthopedic surgeries derived the greatest benefit from prophylaxis, 

likely due to higher baseline contamination risk and implant-related infection susceptibility. In contrast, elective low-risk 

procedures such as hernia repair showed comparatively smaller benefits [24]. 

 

Table 7. Adverse Events Associated with Antibiotic Prophylaxis 

Adverse Event Incidence (%) Severity 

Gastrointestinal symptoms 4–8% Mild 

Hypersensitivity reactions 1–3% Mild–Moderate 

Clostridioides difficile infection <1% Rare 

Severe reactions <0.5% Rare 

Adverse events were infrequently reported and were predominantly mild. There was no significant increase in serious 
complications, supporting the safety profile of short-term prophylactic antibiotic use. 

 

Table 8. Sensitivity and Publication Bias Analysis 

Analysis Type Finding 

Sensitivity analysis No significant change in pooled OR 

High-risk study exclusion Results remained consistent 

Funnel plot Symmetrical 

Egger’s test No significant publication bias 

Sensitivity analyses confirmed the robustness of the findings, as exclusion of high-risk or small-sample studies did not 

significantly alter the overall effect size. Funnel plot symmetry and Egger’s test indicated low risk of publication bias [25]. 

In summary, the results demonstrate that antibiotic prophylaxis significantly reduces SSI risk, with effectiveness strongly 

influenced by wound classification, timing, and duration of administration. The greatest benefit is observed in higher-risk 

surgical categories, while judicious use is warranted in clean procedures to avoid unnecessary antibiotic exposure. 
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Figure 2. Diagram illustrating the relationship between timing of antibiotic administration and surgical site 

infection (SSI) risk. The lowest infection risk is observed when antibiotics are administered within 60 minutes 

prior to incision, ensuring optimal tissue concentration at the time of microbial exposure. 

 
Figure 3. Diagram illustrating the relationship between duration of antibiotic prophylaxis and surgical site 

infection (SSI) risk. The graph demonstrates that SSI risk decreases with short-duration prophylaxis, reaching 

optimal effectiveness within 24 hours, beyond which no additional benefit is observed with prolonged antibiotic 
use. 

 

DISCUSSION 
This systematic review and meta-analysis demonstrate that antibiotic prophylaxis significantly reduces the incidence of 

surgical site infections (SSIs), with an overall risk reduction of approximately 48%. These findings are consistent with 

prior large-scale analyses showing that appropriately timed antimicrobial prophylaxis can reduce SSI rates by 40–60% 

across a wide range of surgical procedures [10,11,26]. The effectiveness of prophylaxis, however, was not uniform and 

varied substantially depending on wound classification, timing, and duration of antibiotic administration. 

A key finding of this study is the gradient of benefit across wound classes, with minimal effect in clean surgeries and 
progressively greater benefit in clean-contaminated and contaminated procedures. This aligns with classical surgical 

infection theory, where SSI risk correlates with microbial load and degree of intraoperative contamination [6,27]. Previous 

studies have also reported limited benefit of routine prophylaxis in clean procedures, particularly in low-risk patients, 

raising concerns regarding unnecessary antibiotic exposure [8,28]. However, selective use in clean surgeries involving 

implants or high-risk patients remains justified [29]. 

 

In contrast, clean-contaminated and contaminated surgeries demonstrated substantial reductions in SSI rates, supporting 

current international recommendations for routine antibiotic prophylaxis in these categories. Guidelines from the World 

Health Organization and the Centers for Disease Control and Prevention strongly advocate prophylaxis in such procedures 

due to the predictable exposure to endogenous flora [30,31]. Our findings reinforce these recommendations and further 

quantify the magnitude of benefit across wound classes. 

 

Another important observation is the critical role of timing of antibiotic administration. The present analysis confirms that  

administration within 60 minutes prior to surgical incision provides optimal protection against SSIs, consistent with 

pharmacokinetic principles ensuring adequate tissue concentration at the time of microbial exposure [5,32]. Delayed or 

postoperative administration was associated with significantly reduced efficacy, highlighting the importance of adherence 

to perioperative protocols. 
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The study also demonstrates that prolonged antibiotic prophylaxis beyond 24 hours does not confer additional benefit, a 

finding supported by multiple randomized trials and meta-analyses [12,33]. Prolonged use not only fails to reduce infection 

rates but also contributes to antimicrobial resistance, increased healthcare costs, and adverse drug events [34]. This is 

particularly relevant in the current era of rising multidrug-resistant organisms, where antimicrobial stewardship is a global 

priority. 

 

Procedure-specific analysis further highlights variability in outcomes. Colorectal and gastrointestinal surgeries, which 
inherently involve exposure to polymicrobial flora, showed the greatest benefit from prophylaxis, especially when 

combined with oral antibiotic regimens [35]. Similarly, in orthopedic implant surgeries, prophylaxis significantly reduced 

both superficial and deep infections, which can otherwise lead to devastating complications such as prosthetic joint 

infections [36]. Conversely, in low-risk procedures such as elective hernia repair, the benefit was less pronounced, 

supporting a more individualized approach [37]. 

 

The safety profile of antibiotic prophylaxis observed in this study is consistent with existing literature, with most adverse 

events being mild and infrequent. Serious complications, including Clostridioides difficile infection, were rare but remain 

an important consideration, particularly with prolonged antibiotic exposure [38]. 

From a clinical perspective, these findings underscore the importance of risk stratification and tailored antibiotic use. A 

“one-size-fits-all” approach is not appropriate, and decisions should be guided by wound classification, type of surgery, 

patient comorbidities, and institutional infection rates. Adherence to evidence-based guidelines can optimize outcomes 

while minimizing unnecessary antibiotic use. 

 

Strengths and Limitations 
The strengths of this study include a large pooled sample size, inclusion of both randomized and observational studies, and 

detailed subgroup analyses across wound classes and surgical types. However, several limitations must be acknowledged. 
First, heterogeneity among studies in terms of antibiotic regimens, surgical techniques, and SSI definitions may have 

influenced the results. Second, the inclusion of observational studies introduces potential bias despite quality assessment. 

Third, variations in reporting of secondary outcomes limited detailed comparative analysis. 

 

Future Directions 
Future research should focus on: 

• Standardization of SSI definitions and reporting  

• Procedure-specific antibiotic protocols  

• Role of local antibiograms in guiding prophylaxis  

• Impact of antimicrobial stewardship interventions  

 

In summary, this study provides comprehensive evidence that antibiotic prophylaxis is highly effective in reducing SSIs, 

particularly in higher-risk wound classes. However, its use should be judicious, evidence-based, and tailored, balancing 

clinical benefit with the growing threat of antimicrobial resistance. 

 

 
Figure 4. Schematic diagram illustrating the pathogenesis of surgical site infections (SSIs). Following skin incision 

and breach of the natural barrier, microbial contamination from endogenous or exogenous sources leads to 

bacterial proliferation. If host immune defenses are insufficient, this results in SSI. Antibiotic prophylaxis acts by 

reducing the microbial load at the surgical site, thereby preventing infection. 
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CONCLUSION 
This systematic review and meta-analysis demonstrate that antibiotic prophylaxis is an effective strategy for reducing 

surgical site infections (SSIs), with an overall reduction in infection risk of nearly 50%. The magnitude of benefit, however, 

is strongly influenced by the type of surgical wound, with the greatest effectiveness observed in clean-contaminated and 

contaminated procedures, while only modest benefit is seen in clean surgeries. 

 

The findings reinforce current recommendations from organizations such as the World Health Organization and the Centers 
for Disease Control and Prevention, emphasizing that appropriate patient selection, correct timing, and optimal duration of 

antibiotic administration are critical determinants of efficacy. Administration within 60 minutes prior to incision and 

limiting prophylaxis to a single dose or ≤24 hours were found to be sufficient in most cases. 

 

Importantly, prolonged antibiotic use does not confer additional protection against SSIs and may contribute to antimicrobial 

resistance, increased costs, and adverse effects, highlighting the need for strict adherence to antimicrobial stewardship 

principles. In clean surgeries, a more selective and risk-based approach is warranted to avoid unnecessary antibiotic 

exposure. 

 

In conclusion, antibiotic prophylaxis should be applied in a targeted, evidence-based manner, tailored to wound 

classification and surgical risk. Optimizing its use can significantly improve surgical outcomes while minimizing the 

unintended consequences of antibiotic overuse. 
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