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Intrawound Vancomycin Powder for Infection Prophylaxis in Definitive 1 

Fixation of Complex Fractures: A Systematic Review and Meta-analysis of 2 

Efficacy and Safety 3 

 4 

Abstract 5 

Objectives 6 

To evaluate the effectiveness and safety of intrawound vancomycin powder in the 7 

definitive surgical management of high-risk fractures, with particular attention to 8 

postoperative infection, microbiological profile, and adverse events. 9 

Methods 10 

Data Sources: A systematic search of PubMed, EMBASE, Web of Science, and 11 

Scopus was conducted in February 2025, with a search cut-off date of January 31, 12 

2025. 13 

Study Selection: Randomized and observational comparative studies were 14 

included if they evaluated intrawound vancomycin powder in patients undergoing 15 

definitive fracture fixation and reported outcomes related to postoperative infection, 16 

microbiology, or adverse events. 17 

Data Extraction: Two reviewers independently screened studies, extracted data, 18 

and assessed methodological quality using the Cochrane Risk of Bias 2 (RoB 2) tool 19 

for randomized trials and ROBINS-I for non-randomized studies. 20 

Data Synthesis: Random-effects models were used to estimate pooled odds ratios 21 

(ORs) with 95% confidence intervals (CIs). Heterogeneity was assessed using the I² 22 

statistic. 23 

 24 
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Results 25 

Eight studies involving 3185 patients were included; 1149 received topical 26 

vancomycin powder. Vancomycin use was associated with a significant reduction in 27 

postoperative infection after fracture fixation (OR 0.59, 95% CI 0.42–0.82; p = 0.002; 28 

I² = 0%). Microbiological data were limited, but one study reported a lower proportion 29 

of gram-positive infections in the vancomycin group, with no similar pattern for gram-30 

negative organisms. Two studies contributed to an exploratory pooled safety 31 

analysis, which showed no statistically significant difference in adverse events 32 

between groups (OR 1.39, 95% CI 0.95–2.02; p = 0.38; I² = 0%). 33 

Conclusions 34 

The certainty of evidence was limited by risk of bias, indirectness, and the inclusion 35 

of non-randomized studies. Intrawound vancomycin powder was associated with 36 

reduced postoperative infection in high-risk fracture fixation, without a statistically 37 

significant increase in reported adverse events. Microbiological findings remain 38 

sparse and should be interpreted cautiously. These results support selective 39 

consideration of intrawound vancomycin powder in orthopedic trauma surgery, while 40 

further high-quality studies are needed to clarify safety and microbiological 41 

consequences. 42 

Keywords 43 

Vancomycin, fracture-related infection, trauma surgery, topical antibiotics, meta-44 

analysis 45 

Level of Evidence: II 46 

 47 

 48 
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Introduction 49 

 50 

Surgical site infections (SSIs) represent a significant complication in orthopedic 51 

trauma surgery, particularly in the management of lower limb fractures. The Centers 52 

for Disease Control and Prevention (CDC) define SSIs as infections that occur within 53 

30 days after surgery (1). However, this definition is limited in orthopedic and trauma 54 

surgery due to the use of implants and the complexity of soft tissue involvement, 55 

which led to the introduction of the fracture-related infection (FRI) concept, proposed 56 

by Metsemakers et al. in 2018 (2). 57 

Lower limb articular fractures often require extensive surgical approaches, 58 

increasing the risk of infection. The reported incidence of FRI is approximately 4% 59 

in distal femur fractures and 5–12% in tibial articular fractures(3,4). The economic 60 

burden associated with treating these infections is substantial, with an estimated 61 

cost between 10,504 USD per patient in China to 108,782 USD in USA, including 62 

hospitalization, reoperations, antibiotic therapy, rehabilitation, and work incapacity 63 

(5,6). 64 

Several preventive strategies have been implemented to reduce infection rates, 65 

including both pharmacological and non-pharmacological measures. These include 66 

preoperative bathing, hair removal protocols, prophylactic intravenous antibiotics, 67 

and intraoperative glove changes (7). More recently, the use of topical antibiotics—68 

particularly intrawound vancomycin powder (VP)—has emerged as an adjunctive 69 

strategy for SSI prevention. Although widely adopted in some practices, the 70 

application of VP in this context remains an off-label use, lacking formal approval 71 

from regulatory agencies. 72 
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The application of intrawound VP was first reported in spinal surgery, where its deep 73 

fascial application significantly reduced SSI rates in patients undergoing posterior 74 

fusion and scoliosis correction procedures (8).  75 

Subsequent studies have explored the use of vancomycin in hip and knee 76 

arthroplasty, with systematic reviews and meta-analyses supporting its application 77 

in the field of orthopaedics (9). In the domain of orthopedic trauma, multiple 78 

investigations have yielded encouraging findings; however, the existing body of 79 

evidence includes trials, systematic reviews, and meta-analyses that often evaluate 80 

topical vancomycin within heterogeneous orthopedic populations—frequently 81 

amalgamating data from arthroplasty, spinal, and trauma procedures. Moreover, 82 

several studies assess vancomycin in conjunction with other antimicrobial agents or 83 

employ alternative formulations, such as antibiotic-loaded beads or hydrogels, 84 

thereby limiting the specificity of conclusions regarding the efficacy of VP alone in 85 

fracture-related applications (10–15). 86 

Given these methodological limitations and the emerging evidence, there has been 87 

growing interest in the potential role of intrawound vancomycin powder in orthopedic 88 

trauma surgery, particularly in fractures requiring extensive surgical exposure and 89 

implant placement. 90 

Considering the significant impact of infections in patients with lower limb fractures, 91 

it is crucial to evaluate both the effectiveness and safety of using intrawound 92 

vancomycin powder as a prophylactic strategy. This intervention may offer a 93 

promising advance in preventing fracture-related infections (FRI) and improving the 94 

surgical outcomes in complex trauma cases. Furthermore, it is essential to analyze 95 

whether the application of vancomycin alters the microbial profile of surgical site 96 
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infections and to assess the potential for selecting antibiotic-resistant organisms 97 

(16). 98 

This systematic review and meta-analysis aim to comprehensively assess the 99 

effectiveness and safety of intrawound VP in preventing FRI among patients 100 

undergoing open reduction and internal fixation (ORIF) for complex upper and lower 101 

limb fractures. 102 

 103 

Materials and Methods 104 

 105 

This systematic review and meta-analysis was conducted in accordance with the 106 

PRISMA 2020 (Preferred Reporting Items for Systematic Reviews and Meta-107 

Analyses) guidelines. 108 

Eligible studies included randomized controlled trials and observational comparative 109 

studies (prospective or retrospective cohorts and case-control designs) involving 110 

patients with traumatic diaphyseal or articular fractures of the upper or lower 111 

extremities, whether open or closed, treated with open reduction and internal fixation 112 

(ORIF). To be eligible, studies had to compare patients receiving topical vancomycin 113 

powder in addition to standard intravenous antibiotic prophylaxis with a control group 114 

managed without topical vancomycin powder. 115 

We included studies published through January 31, 2025, without language 116 

restrictions, provided they reported at least one of the following outcomes: 117 

postoperative infection, fracture-related infection (FRI), microbial isolates, or 118 
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antibiotic resistance patterns. Studies focused on spinal procedures, oncologic bone 119 

surgery, arthroplasty, revision surgery for pre-existing infection, or the use of local 120 

vancomycin formulations other than powder (e.g., beads, sponges, or hydrogels) 121 

were excluded. Animal studies, in vitro experiments, and non-original reports such 122 

as case reports, narrative reviews, and other secondary literature were also 123 

excluded. 124 

A comprehensive literature search was conducted in February 2025 in PubMed, 125 

EMBASE, Web of Science, and Scopus, with a search cut-off date of January 31, 126 

2025. The search strategy combined terms related to vancomycin powder, 127 

orthopedic trauma, and infection outcomes, while excluding spinal surgery and 128 

arthroplasty. The following search string was used and adapted as appropriate for 129 

each database: ("vancomycin powder" OR "intralesional vancomycin" OR "local 130 

vancomycin" OR "pixie powder" OR "intrawound vancomycin powder" OR "topical 131 

vancomycin powder") AND ("fracture-related infection" OR "surgical site infection" 132 

OR "SSI" OR "deep infection") AND ("trauma" OR "fracture" OR "orthopedic trauma") 133 

NOT ("spine" OR "arthroplasty"). No language or study design filters were applied at 134 

the search stage. All retrieved records were uploaded to Rayyan, where duplicates 135 

were removed and studies were screened for eligibility according to predefined 136 

inclusion and exclusion criteria. Data analysis and forest plot generation were 137 

performed using Cochrane Review Manager (RevMan), version 5.4.1. 138 

 139 

 140 

 141 
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Study Selection and Data Extraction 142 

Two independent reviewers screened titles and abstracts using the Rayyan platform, 143 

followed by full-text assessment of potentially eligible studies. Disagreements were 144 

resolved through discussion and, when necessary, adjudication by a third senior 145 

reviewer. Data were extracted using a standardized form that captured study design, 146 

population characteristics, fracture type and anatomical location, vancomycin 147 

dosage and administration plane, comparator intravenous antibiotic regimen, follow-148 

up duration, infection definitions, microbiological findings, and outcomes of interest. 149 

 150 

Outcomes Assessed 151 

The primary outcome was postoperative infection after fracture fixation, 152 

preferentially classified according to the fracture-related infection (FRI) framework. 153 

Whenever feasible, infection outcomes were interpreted using diagnostic criteria 154 

consistent with the international consensus definition of FRI. In studies reporting 155 

postoperative infection according to Centers for Disease Control and Prevention 156 

(CDC) surgical site infection (SSI) criteria, superficial and deep SSI events were 157 

retained within the broader infection outcome framework to maximize sensitivity of 158 

event capture, while recognizing the resulting indirectness relative to strictly defined 159 

FRI. 160 

Secondary outcomes included the microbiological profile of infection, with particular 161 

attention to multidrug-resistant organisms, and the safety profile of topical 162 

vancomycin powder. Resistant organisms were assessed descriptively according to 163 

the pathogens reported in each study. Safety outcomes were extracted as reported 164 

in the original studies and analyzed separately from the primary infection outcome. 165 
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Statistical Analysis 166 

Meta-analyses were performed using Review Manager (RevMan), version 5.4.1. 167 

Only studies providing sufficient comparative data on postoperative infection 168 

outcomes were included in the quantitative synthesis. Given the expected clinical 169 

and methodological heterogeneity across studies, pooled analyses were conducted 170 

using random-effects models a priori. For dichotomous outcomes, effect sizes were 171 

expressed as odds ratios (ORs) with 95% confidence intervals (CIs) to maintain a 172 

consistent measure across randomized and observational study designs. Statistical 173 

heterogeneity was assessed using the I² statistic. 174 

Because the number of eligible comparative studies was limited and included both 175 

randomized controlled trials and observational cohorts, an overall pooled analysis 176 

was performed using a common effect measure. Study design was explicitly 177 

considered during risk-of-bias assessment and interpretation of the certainty of 178 

evidence. When feasible, sensitivity analyses were considered to explore the 179 

influence of studies at higher risk of bias and studies using SSI-based definitions as 180 

proxies for FRI. 181 

Safety outcomes were analyzed separately from the primary infection outcome. 182 

Given the limited number of studies contributing safety data and the clinical 183 

heterogeneity of reported adverse events, pooled safety estimates were considered 184 

exploratory and interpreted with caution. 185 

Risk of bias in individual studies was independently assessed by three reviewers. 186 

Randomized trials were evaluated using the revised Cochrane Risk of Bias 2 (RoB 187 
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2) tool, whereas non-randomized comparative studies were assessed using the 188 

ROBINS-I tool. Discrepancies were resolved through discussion and consensus 189 

among the reviewers. 190 

 191 

Ethical Considerations 192 

 193 

This study was based exclusively on previously published data and did not involve 194 

direct contact with human participants or access to identifiable patient-level 195 

information. Institutional review board approval was obtained under protocol number 196 

08-2024. 197 

 198 

 199 

Results 200 

Study Selection 201 

The initial search strategy identified 382 records across four databases. After 202 

removal of 148 duplicates, 234 unique records underwent title and abstract 203 

screening. Sixteen studies were assessed in full text, of which eight met the 204 

predefined eligibility criteria and were included in the systematic review. The study 205 

selection process is summarized in the PRISMA 2020 flow diagram (Figure 1) 206 

(3,10,17–22). 207 

 208 

 209 

 210 

 211 
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Characteristics of Included Studies 212 

Eight studies were included: three randomized controlled trials (RCTs) and five 213 

retrospective cohort studies. No prospective observational studies or case-control 214 

studies met the eligibility criteria. Seven studies evaluated lower-extremity long-bone 215 

fractures, whereas one focused exclusively on acetabular fractures. None provided 216 

analyzable data specifically for upper-extremity fractures. Although Gandhi et al. 217 

included some patients with upper-limb injuries, these cases were not reported 218 

separately, and the anatomical site of infection could not be determined; therefore, 219 

no subgroup analysis of upper-extremity fractures was possible. 220 

 221 

Across all included studies, 3185 patients were analyzed, of whom 1149 received 222 

topical vancomycin powder (VP) in addition to standard intravenous antibiotic 223 

prophylaxis and 2036 served as comparators without adjunctive topical VP. In the 224 

intervention group, VP was generally applied to the deep fascial plane during wound 225 

closure at a dose of 1,000 mg; only one study used a 2,000 mg dose in a small 226 

subgroup (n = 44). 227 

 228 

Infection outcomes were reported using heterogeneous definitions across studies, 229 

including either consensus-aligned fracture-related infection (FRI) criteria or Centers 230 

for Disease Control and Prevention (CDC) surgical site infection (SSI) definitions. As 231 

specified a priori, SSI-based outcomes were retained within the broader 232 

postoperative infection framework, while acknowledging their indirectness relative to 233 

strictly defined FRI. 234 

 235 
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Risk of Bias Assessment 236 

Methodological quality was assessed using established tools. Randomized 237 

controlled trials were evaluated with the Cochrane Risk of Bias 2 (RoB 2) tool, 238 

whereas observational studies were assessed using ROBINS-I. The corresponding 239 

judgments and their relationship to the certainty-of-evidence assessment are 240 

summarized in Figure 2. Overall, the RCTs were judged to have low to moderate risk 241 

of bias, with the main concerns related to deviations from intended interventions and 242 

missing outcome data. In contrast, the observational studies showed greater 243 

methodological variability, with several domains frequently rated as serious, 244 

particularly selection of participants and classification of interventions. These 245 

limitations were taken into account when interpreting pooled estimates and rating 246 

the certainty of evidence. 247 

 248 

Certainty of evidence (GRADE) 249 

Certainty of evidence was assessed using the Grading of Recommendations 250 

Assessment, Development and Evaluation (GRADE) approach for the primary 251 

infection outcome (reported as fracture-related infection or surgical site infection, 252 

according to each study’s definitions) and, when available, for safety outcomes 253 

potentially attributable to topical vancomycin. Evidence from randomized trials was 254 

initially rated as high certainty and evidence from nonrandomized studies as low 255 

certainty, with downgrading applied according to prespecified GRADE domains: risk 256 

of bias, inconsistency, indirectness, imprecision, and suspected publication bias. 257 

 258 
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GRADE assessments were performed separately for randomized and observational 259 

evidence whenever both informed a given outcome. When a combined pooled 260 

estimate was presented, the overall certainty rating reflected the lowest-certainty 261 

body of evidence contributing to that inference, as well as the potential influence of 262 

limitations inherent to the nonrandomized studies. 263 

 264 

Primary Outcome – Postoperative Infection (FRI/SSI-based definitions) 265 

 266 

A total of eight studies were included in the meta-analysis of postoperative infection 267 

outcomes after fracture fixation. Across all studies, 58 infection events were reported 268 

in the intervention group and 182 in the control group. The pooled random-effects 269 

analysis showed a statistically significant reduction in infection risk associated with 270 

topical vancomycin powder, with an odds ratio (OR) of 0.59 (95% CI, 0.42–0.82; p = 271 

0.002) (Figure 3). No statistical heterogeneity was observed (I² = 0%), and the 272 

direction of effect was consistent across the included studies. 273 

Most studies used a similar prophylactic approach, consisting of 1 g of topical 274 

vancomycin powder applied to the deep fascial plane during wound closure in 275 

addition to standard intravenous antibiotic prophylaxis. This relative procedural 276 

consistency may have reduced clinical variability across studies. 277 

Subgroup Analysis – Open vs. Closed Fractures 278 

 279 

Although subgroup analyses were planned to explore potential differences in 280 

infection risk between open and closed fractures, only two of the eight included 281 
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studies reported outcomes stratified by fracture type. Consequently, the available 282 

data were insufficient to support a reliable pooled subgroup analysis. 283 

A numerical trend favoring topical vancomycin powder was observed in both open 284 

and closed fracture strata; however, the low number of studies, limited event counts, 285 

and wide confidence intervals precluded any definitive inference. Accordingly, the 286 

available evidence does not allow firm conclusions regarding whether the effect of 287 

topical vancomycin powder differs between open and closed fractures. 288 

 289 

Secondary Outcome – Microbiological Outcomes 290 

 291 

Among the eight included studies, only one study (Zingas et al.) reported stratified 292 

microbiological outcome data, precluding quantitative synthesis for this domain. In 293 

that study, no gram-positive infections were observed in patients who received 294 

topical vancomycin powder (0/115), whereas gram-positive organisms were 295 

identified in 15 of 344 control patients (4%), corresponding to an adjusted odds ratio 296 

(OR) of 0.12 (95% CI, 0.04–0.32; p < 0.01). By contrast, no significant association 297 

was found for infections caused exclusively by gram-negative pathogens (adjusted 298 

OR 3.01, 95% CI 0.29–31.7; p = 0.38).(17) 299 

 300 

In the vancomycin group, the two reported infections consisted of one culture-301 

negative case and one infection caused by Pseudomonas aeruginosa. In the control 302 

group, most infections involved gram-positive organisms, including methicillin-303 

resistant Staphylococcus aureus (MRSA), methicillin-sensitive Staphylococcus 304 

aureus (MSSA), and vancomycin-sensitive Enterococcus; additional infections 305 
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included Pseudomonas aeruginosa, one polymicrobial infection involving Proteus 306 

with concurrent MRSA and Enterococcus, and two culture-negative cases. 307 

These findings suggest that topical vancomycin powder may preferentially reduce 308 

gram-positive postoperative infections; however, this observation derives from a 309 

single retrospective cohort study and should be interpreted cautiously. 310 

 311 

Safety Outcome - Adverse Events 312 

 313 

Two studies—Cichos et al. and the METRC randomized clinical trial—reported 314 

adverse events in sufficient detail to permit pooled analysis within the safety domain. 315 

The reported events included acute kidney injury (AKI), seroma/hematoma, all-316 

cause mortality, below-knee amputation (BKA), and non-union. Wound dehiscence 317 

or wound breakdown was not analyzed as an independent adverse event because, 318 

according to the 2018 fracture-related infection consensus definition, it constitutes a 319 

confirmatory criterion for FRI rather than a separate safety outcome (10,21). 320 

The pooled exploratory analysis did not show a statistically significant difference in 321 

adverse events between patients treated with topical vancomycin powder and 322 

controls (OR 1.39, 95% CI 0.95–2.02; p = 0.38) (Figure 4). No statistical 323 

heterogeneity was observed (I² = 0%). However, this safety estimate should be 324 

interpreted cautiously because it was derived from only two studies and combined 325 

clinically heterogeneous outcomes that are not all equally plausibly attributable to 326 

topical vancomycin itself. 327 
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Although the point estimate numerically favored a higher event rate in the 328 

vancomycin group, the included studies reported these complications as part of 329 

broader postoperative outcome assessment and did not establish a direct causal 330 

relationship with intrawound vancomycin powder. Events such as renal dysfunction, 331 

mortality, amputation, and non-union are likely influenced by multiple factors, 332 

including injury severity, systemic illness, limb viability, and perioperative 333 

management. 334 

Risk-of-bias assessments for this outcome domain, performed using RoB 2 for 335 

randomized trials and ROBINS-I for observational studies, are presented in Figure 336 

5. 337 

Discussion 338 

This appears to be the first systematic review and meta-analysis focused exclusively 339 

on orthopedic trauma surgery evaluating the prophylactic use of intrawound 340 

vancomycin powder. In contrast to previous reviews that included mixed or elective 341 

surgical populations, this analysis centered solely on patients undergoing fracture 342 

fixation for high-energy injuries. Most included studies attempted to replicate the 343 

surgical indications defined in the VANCO trial, contributing to a relatively consistent 344 

high-risk profile across cohorts. Three clinically relevant outcomes were assessed—345 

postoperative infection, microbiological profile, and safety—offering a broad 346 

perspective on the intervention’s potential impact. 347 

 348 
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Regarding the primary outcome, the pooled analysis showed a statistically significant 349 

reduction in postoperative infection risk in patients who received topical vancomycin 350 

compared with standard care. This finding supports the potential clinical relevance 351 

of the intervention in this setting. Although the search strategy was not anatomically 352 

restricted, none of the eight included studies clearly or specifically focused on upper 353 

extremity fractures. As a result, the analyzed cohort consisted almost entirely of 354 

patients with acetabular or lower limb long-bone fractures, predominantly involving 355 

periarticular regions of the tibia. This likely contributed to the relative clinical 356 

homogeneity of the study population and may have improved comparability across 357 

studies. 358 

 359 

Safety analyses did not show a statistically significant difference in adverse events 360 

in the vancomycin group. However, the reported complications—acute kidney injury, 361 

mortality, non-union, seroma/hematoma, and amputation—were clinically 362 

heterogeneous and were not directly attributed by the original studies to topical 363 

vancomycin application. These events were more likely influenced by injury severity, 364 

patient comorbidities, and perioperative factors than by the local antibiotic itself. 365 

 366 

Additional recent studies have explored the safety of vancomycin powder in spine 367 

and arthroplasty settings. Zimmerly S. and Schar R.T. published preliminary results 368 

from the VANCO Trial in 2022, reporting a 0.3% incidence of systemic adverse 369 

events—mainly in retrospective studies—including two cases of transient hearing 370 

loss and one case of nephropathy; however, a direct causal relationship with 371 

vancomycin could not be established (23). 372 
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In 2024, Xie C. et al. published a systematic review and meta-analysis indicating an 373 

increased incidence of aseptic wound complications in patients undergoing joint 374 

arthroplasty who received topical vancomycin (24). 375 

 376 

In contrast, Han B. et al. (2025) conducted a prospective, double-blind randomized 377 

controlled trial and found no adverse events associated with vancomycin powder 378 

use (25). 379 

Microbiological outcomes could not be synthesized due to limited stratified data. 380 

Nonetheless, one study reported a significantly lower incidence of gram-positive 381 

infections in the vancomycin group, suggesting a possible selective protective effect, 382 

although no similar pattern was observed for gram-negative organisms. 383 

This study has several methodological strengths. It followed the PRISMA 2020 384 

guidelines, included a sample of more than 3,000 patients, and focused on a 385 

relatively homogeneous clinical population undergoing a broadly similar intervention. 386 

Most included studies shared surgical indications comparable to those defined in the 387 

VANCO trial for high-risk injuries. These included at least one of the following criteria: 388 

initial management with temporary external fixation due to swelling that prevented 389 

early definitive fixation (performed more than three days post-injury); Gustilo-390 

Anderson (GA) type I, II, or IIIA open fractures; or fractures associated with ipsilateral 391 

compartment syndrome treated with fasciotomy. Notably, GA type IIIB and IIIC 392 

fractures were explicitly excluded (10).  393 
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Most studies also used similar prophylactic protocols, combining standard 394 

intravenous first-generation cephalosporins with topical VP applied during wound 395 

closure. Outcome assessment was sufficiently comparable to permit pooled 396 

analysis, although some studies relied on SSI-based definitions as proxies for FRI, 397 

which introduces indirectness. Risk of bias was rigorously assessed using the 398 

Cochrane RoB 2 tool for randomized controlled trials and the ROBINS-I tool for non-399 

randomized studies. Confidence intervals for the primary outcome did not cross the 400 

null value, supporting the precision of the pooled estimate. At the same time, the 401 

inclusion of both randomized and observational evidence should be considered 402 

when interpreting the strength of the inference. 403 

Nonetheless, important limitations must be acknowledged. First, the number of 404 

eligible studies focused exclusively on orthopedic trauma remains limited. Second, 405 

as previously mentioned, none of the studies clearly or independently reported upper 406 

extremity fractures, which limits the generalizability of the findings to this anatomical 407 

region. Third, subgroup analyses comparing open versus closed fractures could not 408 

be performed robustly because only two studies provided outcomes stratified by 409 

fracture type. Fourth, limited microbiological data precluded meaningful evaluation 410 

of the intervention’s potential influence on antibiotic resistance patterns or pathogen 411 

selection. Finally, although pooled analysis was feasible, the overall estimate 412 

combined randomized and observational studies and incorporated infection 413 

outcomes that were not uniformly defined as strictly consensus-based FRI. 414 

Despite these limitations, this review supports the selective and clinically reasoned 415 

use of intrawound vancomycin powder as a prophylactic adjunct in the surgical 416 
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management of high-risk lower extremity fractures. The observed reduction in 417 

postoperative infection risk, together with the absence of a statistically significant 418 

increase in reported adverse events, suggests that topical vancomycin powder may 419 

have a role in selected trauma populations. However, further well-designed studies 420 

are needed to clarify unresolved issues such as the long-term impact on 421 

antimicrobial resistance, the emergence of more virulent pathogens, and 422 

effectiveness in underrepresented fracture types, including those of the upper limb. 423 

 424 

Conclusion 425 

 426 

This systematic review and meta-analysis provides focused evidence regarding the 427 

prophylactic use of intrawound vancomycin powder in orthopedic trauma surgery. In 428 

a high-risk and relatively homogeneous trauma population broadly aligned with the 429 

VANCO trial indications, topical vancomycin powder was associated with a 430 

significant reduction in postoperative infection, without a statistically significant 431 

increase in reported adverse events. Although microbiological data and upper 432 

extremity fracture representation remain limited, these findings support selective 433 

consideration of vancomycin powder in chosen lower extremity and pelvic fracture 434 

cases. Future research should clarify its role across broader fracture patterns, long-435 

term safety, and microbiological consequences. 436 
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 550 

Figure 1. PRISMA Flow Diagram of Study IdentiƱcation Through Databases and 551 

Registries. 552 
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 560 

 561 

 562 

Figure 2. Risk of Bias and GRADE Assessment for Studies Included in the Meta-Analysis of 563 

Infection Risk. 564 

 565 

A. Risk of Bias Assessment for Randomized Controlled Trials Evaluated Using the 566 

Cochrane RoB 2 Tool. 567 

This panel displays the domain-specific and overall risk of bias judgments for randomized 568 

controlled trials that contributed to the meta-analysis of the primary outcome, fracture-related 569 

infection. Each domain is rated as low risk (green), some concerns (yellow), or high risk (red), 570 

following the Cochrane Risk of Bias 2.0 framework. 571 

 572 
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B. Risk of Bias Assessment for Non-Randomized Studies Evaluated Using the ROBINS-I 573 

Tool. 574 

This panel summarizes the risk of bias assessment for non-randomized studies included in 575 

the same meta-analysis domain. Bias    was assessed across seven domains, including 576 

confounding, selection of participants, classification of interventions, and measurement of 577 

outcomes. The ROBINS-I tool was used to classify the overall risk as low, moderate, serious, 578 

or critical. 579 

 580 

C. Grade (Grading of Recommendations Assessment, Development, and Evaluation). 581 

The GRADE tool used to assess the certainty of evidence and strength of recommendations 582 

in the selected papers. 583 
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 601 

 602 

Figure 3. Forest Plot for Primary Outcome. 603 

This Forest Plot displays the pooled odds ratio for fracture-related infection (FRI) 604 

comparing patients treated with adjunctive topical vancomycin powder versus 605 

standard intravenous antibiotic prophylaxis alone.  606 

A signiƱcant reduction in infection risk was observed in the overall analysis (OR: 0.59; 607 

95% CI: 0.42–0.82; p = 0.002), with no statistical heterogeneity (I² = 0%). 608 

Subgroup analyses for open and closed fractures did not reach statistical signiƱcance, 609 

largely due to the limited number of studies reporting stratiƱed data. 610 
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 621 

 622 

Figure 4. Forest plot for the safety outcome: adverse events 623 

This figure summarizes the pooled estimate for adverse events reported in patients 624 

receiving topical vancomycin powder compared with controls, including acute kidney 625 

injury, seroma/hematoma, all-cause mortality, below-knee amputation, and non-626 

union. The pooled exploratory analysis did not show a statistically significant 627 

difference between groups. This estimate should be interpreted cautiously because 628 

it is based on only two studies and combines clinically heterogeneous events. 629 
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 640 

 641 

B. 642 

 643 

 644 

 645 

Figure 5. Risk of Bias Assessment for the Meta-Analysis of the Third Outcome Domain: Safety 646 

Associated with Topical Vancomycin Administration. 647 

 648 

A. Risk of Bias Assessment for Randomized Controlled Trials Evaluated Using the Cochrane 649 

RoB Tool. This panel presents the risk of bias assessment for randomized studies included in 650 

the meta-analysis of adverse events associated with topical vancomycin powder. 651 

B. Risk of Bias Assessment for Non-Randomized Studies Evaluated Using the ROBINS-I Tool. 652 

This panel presents the results for non-randomized studies included in the same outcome 653 

domain, reƲecting overall methodological quality and speciƱc sources of bias. 654 

 655 


