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Abstract 

Objectives: This study aims to evaluate whether using a novel antiseptic irrigant  solution combined with 
vancomycin powder can effectively reduce the incidence of surgical site infections (SSIs) in orthopedic 
trauma patients. Specifically, we seek to determine if this combined approach significantly decreases 
SSI rates compared to using vancomycin powder alone. The study also aims to assess the safety and 
efficacy of the phosphate buffer solution, particularly its ability to reduce biofilm formation on surgical 
implants without causing cytotoxic effects. Ultimately, our goal is to provide insights into potential 
clinical practice changes that can enhance infection prevention strategies in orthopedic trauma 
surgeries. 

Methods: This retrospective study analyzed 450 orthopedic trauma surgeries for lower extremity fractures at a Level 
Two hospital in Oregon, USA, between January 2021 and October 2023. Patients were stratified based on 
intraoperative irrigation with either vancomycin alone or vancomycin combined with a phosphate buffer irrigation 
solution. Data analysis included demographic characteristics, operative details, and occurrences of SSIs within 90 
days postoperatively. 

Results: Among the 450 surgeries analyzed, 18 (8.1%) SSIs occurred in the vancomycin cohort compared to 3 
(1.3%) in the vancomycin and Phosphate buffer cohort. Adjusted logistic regression revealed an 89% reduction in 
the odds of SSIs in the vancomycin and Phosphate buffer cohort (OR: 0.11, 95% CI 0.02-0.35, P=0.001), adjusting 
for age, tobacco use, operative time, and procedure type. 

Conclusion: This study underscores the promising role of combined vancomycin and Phosphate buffer irrigation in 
reducing SSI rates in orthopedic trauma surgeries. Further prospective studies are warranted to validate these 
findings and explore optimal infection prevention strategies in diverse surgical settings. 

        Level of evidence: IV 
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Introduction

urgical site infection (SSI) can be a devastating 
complication of any operative procedure; it can lead 
to subsequent hospitalizations, further surgical 

interventions, long courses of antibiotics, and significant 
morbidity to patients.1 Despite preventative measures, 

such as preoperative antibiotic prophylaxis and sterile 
technique, orthopedic trauma patients often require 
osteosynthesis with nonbiologic materials, and therefore 
are at elevated risk of SSI.2,3 Further, the efficacy of 
intravenous antibiotics relies on adequate blood supply to 
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the region, which may be compromised in the event of 
trauma. Additionally, orthopedic trauma services 
frequently encounter open wounds, which further 
compound the risk of a patient developing a surgical site 
infection due to wound contamination.4  A recent cross-
sectional study showed that up to 4% of patients receiving 
osteosynthesis for closed fractures develop a surgical site 
infection requiring further treatment, which represents an 
average increase in treatment cost of 115%.1  A different 
multicenter study revealed that up to 18% of patients who 
initially present with open fractures will develop 
postoperative surgical site infection after undergoing 
operative osteosynthesis.5  As such, intraoperative 
measures should be utilized to reduce the likelihood of 
surgical site infection in orthopedic trauma patients.  

One frequently reported methodology for reducing the 
risk of SSI is the intrawound administration of vancomycin 
powder. A systematic review and meta-analysis found that 
orthopedic application of intraoperative, intrawound 
vancomycin powder significantly protected against SSI.6  
Additionally, a retrospective review found that topical 
administration of vancomycin powder resulted in a 
significant reduction in the risk of SSI and significantly 
lower rates of MRSA development in surgically treated 
fractures.7  To date, the use of vancomycin powder for SSI 
has primarily been featured in spine literature, but minimal 
studies exist on its use and effectiveness in orthopedic 
trauma patients.8  

Biofilm production on orthopedic implants is a serious 
consequence that greatly increases the risk of SSI in 
osteosynthesis. Biofilms have been found on orthopedic 
implants within 6 hours of wound closure and can occur in 
30-80% of orthopedic trauma cases and can lead to surgical 
site infections that are significantly more difficult to treat.9 
Therefore, intraoperative interventions must also be 
directed at preventing and eradicating biofilm from 
orthopedic implants. This is commonly done with 
intraoperative irrigation. Frequently utilized irrigation 
solutions include povidone iodine (PI), which has been 
shown to reduce the development of biofilm from 
Staphylococcus aureus and Staphylococcus epidermidis. 
However, PI has been shown to be chondrotoxic in 
concentrations required to be effective.10 

Novel surgical irrigants have been developed to 
overcome the issues with PI chondrotoxicity while still 
maintaining biofilm-reductive abilities. Xperience is a 
phosphate buffer, no-rinse, surgical irrigation solution. 
Use of a phosphate buffer has been found to provide up to 
an 8-log reduction in planktonic bacteria biofilm in vitro 
with limited cytotoxic effects to host tissue, leading to 
reduced biofilm production for up to 5 hours 
postoperatively. Furthermore, a specific advantage of this 
solution is the ability to leave it on surgical sites without 
rinsing with normal saline, which allows for increased 
contact time with implants and surrounding tissues.11  

This retrospective review aims to evaluate the efficacy 
of the combined intraoperative application of vancomycin 
powder and a phosphate buffer no rinse solution to 
prevent SSI in orthopedic trauma patients. The ultimate 
aim is to identify a potential strategy that can be easily 
employed to reduce the risk of postoperative infections in 
orthopedic trauma surgery and ultimately lead to lower 

reoperation rates and reduce the burden these infections 
place on the healthcare system.  

Materials and Methods 
This retrospective cohort study analyzed patients who 

underwent operative management for a lower extremity 
facture with the orthopedic trauma service between 
01/01/2021 and 10/31/23 at a single Level Two hospital in 
Oregon, USA. Lower extremity fractures were chosen for 
analysis as these are the most common fractures treated by 
the Orthopedic Trauma Team at the participating institution. 
The study was approved by the Samaritan Health 
Institutional Review Board in December 2023. At our 
institution, one orthopedic trauma surgeon routinely 
irrigates surgical sites of the lower extremities with 
Phosphate buffer and Vancomycin, whereas the other 
orthopedic trauma surgeons irrigate with Vancomycin.  All 
patients were irrigated at the end of surgery with either 1 
liter of sterile saline or 1 liter of the novel phosphate buffer 
solution. Data was retrospectively collected from electronic 
medical records in January 2024 for all surgeries among 
patients with a lower extremity fracture that required 
surgical intervention. Only the index surgery was included 
for patients with more than one qualifying encounter in the 
study frame. Patients younger than 18, those who did not 
receive intraoperative vancomycin powder, and those who 
had no follow-up at the participating institution between the 
date of hospital discharge and post-op day 90 were excluded 
from analysis. In addition, patients with a diagnosed pre-
operative infection and those who underwent hardware 
removal surgery were excluded.  

Data related to patient’s demographic and surgical 
characteristics were extracted using structured query 
language from the electronic health records. The six flags 
listed below were included in the query to identify patients 
with a suspected post-operative surgical site infection 
within 90 days post-op.  

1. Antibiotics given postoperatively 
2. A positive microbiology lab result  
3. An encounter reason related to SSI (prosthetic joint 

infection, abscess, cellulitis, blood infection, post-op 
problem, wound infection) 

4. An ICD-10 code related to SSI (based on Epic EDG 
Concept Grouper 1910000040) 

5. A chief compliant related to SSI 
6. A subsequent surgery related to SSI (CPT codes: 11042-

11047 or had keyword I&D) 

Study investigators (RW, MV, GB) manually reviewed 
flagged patient’s charts to confirm if a surgical site infection 
occurred within 90-days post-op. SSIs were defined in 
accordance with PREP-IT master protocol.12  

Patients were stratified into cohorts based on the type of 
wound irrigate used (Phosphate buffer and Vancomycin vs 
Vancomycin). R version 4.3.1 (USA) was utilized to clean and 
analyze the data. Pearson’s Chi-square and Student’s T-tests 
were utilized to determine independent predictors of SSI. A 
full adjusted logistic model was built using strong predictor 
variables identified in the univariate analysis (p-values 
<0.10) and factors that were deemed clinically plausible by 
study investigators. An alpha level of 0.05 was used for 
regression model results.   
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Results 
523 orthopedic trauma surgeries of the lower extremities 

occurred among adult patients between January 2021 and 
October 2023. Seventeen patients did not have any follow-
up care between hospital discharge and post-op day 90 and 
5 surgeries occurred in pediatric patients. An additional 39 
surgeries were excluded due to being a non-index surgery 
(N=26) or a hardware removal procedure (N=13). To avoid 
cross-over between treatment type and primary surgeon, 
patients who did not receive the standard irrigation 
protocol per surgeon were excluded (N=15).  

450 surgical patents met the study eligibility criteria and 
were included in the final analysis. The clinical 

characteristics of included patients are shown in [Table 1]. 
The mean age and BMI of the entire cohort was 64 years 
old and 29, respectively.  56.2% of participants were 
female and 18.7% have been diagnosed with diabetes. 
Approximately 17.6% of participants used tobacco 
products. Participants in the Phosphate buffer group were 
younger (P-value: <0.01) and had shorter operating times 
(P-value: <0.01). Hemiarthroplasty of the hip was the most 
common surgery in the Vancomycin only cohorts, whereas 
open reduction and internal fixation of the ankle was the 
most common surgery in the Phosphate buffer group.  

 
Table 1. Demographic Characteristics of Study Participants 

 Vancomycin Only (N=222) Vancomycin & Phosphate buffer (N=228) P-value 

Patient Age 
   

Mean (SD) 67.8 )17.3) 60.4 )22.1) <0.01 
Median [Min, Max] 71.5 [18.0, 98.0] 67.0 [18.0, 97.0] 

Patient BMI 
   

Mean (SD) 28.3 )7.25) 28.7 )7.37) 0.62 
Median [Min, Max] 27.1 [15.5, 54.9] 27.5 [14.5, 64.4] 

Missing 13 )5.9%) 18 )7.9%) 
 

Patient Sex 
   

Female 124 )55.9%) 129 )56.6%) 0.95 
Male 98 )44.1%) 99 )43.4%) 

Operative Time (minutes) 
   

Mean (SD) 178 )50.8) 158 )70.6) <0.01 
Median [Min, Max] 170 [89.0, 412] 146 [59.0, 541] 

History of DM 
   

No 177 )79.7%) 189 )82.9%) 0.46 
Yes 45 )20.3%) 39 )17.1%) 

Tobacco Use 
   

Non-Tobacco User 177 )79.7%) 194 )85.1%) 0.17 
Current Tobacco User 45 )20.3%) 34 )14.9%) 

Primary Procedure  
   

ORIF Ankle 48 )21.6%) 76 )33.3%)  

Hemiarthroplasty Hip 75 (33.8%) 36 (15.8%)  

ITST Intramedullary Nail 26 (11.7%) 36 (15.8%)  

IM Rodding of Tibia† 13 (5.9%) 17 (7.5%)  

ORIF Tibia and Fibula† 16 (7.2%) 17 (7.5%)  

ORIF Distal Femur† 13 (5.9%) 10 (4.4%)  

ORIF of the Pilon† 9 (4.1%) 6 (2.6%)  

Percutaneous Pinning Hip† 4 (1.8%) 9 (3.9%) <0.01 

ORIF Patella† 3 (1.4%) 8 (3.5%)  

IM Rodding of Femur† 4 (1.8%) 4 (1.8%)  

Fusion Ankle† 4 (1.8%) 1 (0.4%)  

ORIF Foot† 0 (0%) 5 (2.2%)  

Quadricep Tendon Repair† 2 (0.9%) 1 (0.4%)  

DHS Hip† 2 (0.9%) 0 (0%)  

ORIF Femur† 1 (0.5%) 1 (0.4%)  
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Table 1. Continued 

Patellar Tendon Repair† 1 (0.5%) 1 (0.4%)  

ORIF Calcaneus† 1 (0.5%) 0 (0%)  

    DM: Diabetes Mellitus, ITST: inter-trochanteric/sub-trochanteric, ORIF: Open reduction and internal fixation 
    P-values for continuous variables calculated with Student’s T-test. P-values for categorical variables calculated with Pearson’s Chi-square tests or 

Fisher’s Exact Tests when cell sizes <5. Statistically significant p-values are bolded 
    † Categorized as other in regression modeling

 

The overall surgical site infection rate among included 
surgeries was 4.7%. Study investigators identified 18 
(8.1%) surgical site infections in the vancomycin cohort 
and 3 (1.3%) surgical site infections in the Phosphate 
buffer cohort [Figure 1]. A post-hoc power analysis 
revealed that 302 patients would be required to give the 
study 80% power at an alpha level of 0.05 to detect a 
statistically significant difference in surgical site infection 
rates assuming a SSI rate of 8.1% among the vancomycin 

group and a SSSI rate of 1.3% in the phosphate buffer 
group. An adjusted logistic regression model was fit to 
control for potential confounding variables. The 
regression analysis showed a 89% reduction in the odds 
of surgical site infections in the Phosphate buffer cohort 
(OR: 0.11, 95% CI 0.02-0.36, P-value: 0.001), adjusting for 
patient age, tobacco use, operative time, diabetic status, 
and procedure type [Table 2]. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Surgical Site Infection Rates among Orthopedic Lower Extremity Trauma Patients (p-value: <0.001)* 
*P-value calculated with Fisher’s Exact Test 

 
Table 2. Adjusted Multi-Variable Logistic Regression Model Predicting Surgical Site Infections 

Variable  OR (95% CI)  P-value  

 Irrigation Solution Used        

  Vancomycin Only Ref  -  

  Vancomycin & Phosphate Buffer 0.11 (0.02-0.36)  0.001  

 Age at surgery (years)  0.97 (0.94-0.99)  0.03 

 Operative time (minutes)  0.99 (0.99-1.01)  0.64  

 Current Tobacco Use        

  No  Ref  -  

  Yes  1.48 (0.50-4.04)  0.46  

 History of DM   

  No Ref  

  Yes 1.78 (0.53-5.25) 0.31 

 Procedure Type        

  Hemiarthroplasty hip  Ref  -  
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Table 2. Continued 

  ITST intramedullary nail  0.95 (0.12-5.38)  0.96  

  ORIF Ankle  0.70 (0.13-3.75)  0.67  

  Other  1.07 (0.26-4.79)  0.93  

 
Discussion 
  Surgical site infections (SSI) pose significant challenges in 
orthopedic trauma surgeries, necessitating effective 
preventive measures to mitigate their occurrence. The 
findings of this study suggest a substantial reduction in the 
odds of developing SSI among patients who received the 
combination of vancomycin powder and Phosphate buffer 
irrigation compared to those who received vancomycin 
alone. Specifically, the Phosphate buffer cohort 
demonstrated an 89% reduction in the odds of SSI after 
adjusting for potential confounders such as patient age, 
tobacco use, operative time, and procedure type.  
  Orthopedic surgeries often involve complex procedures 
with inherent risks of SSI, necessitating meticulous attention 
to infection prevention strategies. Intraoperative irrigation is 
a cornerstone in infection prevention protocols, yet the 
optimal irrigation solution remains debated due to a lack of 
consensus and concrete data supporting a universally 
effective agent. Historically, isotonic normal saline has been 
favored for its safety and cost-effectiveness, but recent 
research has highlighted the need for solutions with optimal 
antimicrobial properties and low cytotoxic effects.13 
  In the context of orthopedic implant-related infections, 
biofilm formation emerges as a significant challenge, 
contributing to the pathogenesis of SSIs. Rozis et al. highlight 
the prevalence of biofilm-associated infections in orthopedic 
implants, underscoring the need for strategies targeting 
biofilm eradication.14 The efficacy of vancomycin powder 
and Phosphate buffer irrigation in reducing biofilm 
formation aligns with the imperative to address this critical 
aspect of infection prevention and may represent a 
mechanism for the effective reduction of surgical site 
infections observed in this study. 
  A systematic review and network meta-analysis of 41 
randomized clinical trials involving 17,188 patients found 
that both antiseptic and antibiotic solutions were associated 
with a reduction in SSIs compared to no irrigation, with 
antiseptic solutions showing a higher level of certainty in 
their effectiveness. However, antibiotic solutions 
demonstrated a lower level of certainty, prompting caution 
due to concerns regarding global antimicrobial resistance. 
Saline irrigation did not show a statistically significant 
difference in preventing SSIs compared to no irrigation.15 
These findings underscore the importance of selecting 
appropriate irrigation solutions in surgical settings to 
mitigate the risk of SSIs effectively. The findings of this 
current study represent a promising approach with the 
potential for phosphate buffer solutions to reduce SSIs in 
orthopedic trauma surgeries. 
  There remains a paucity of level I evidence to identify the 
ideal intraoperative irrigation solution.  One proposed 

solution has been dilute polyhexanide for intraoperative 
irrigation. An RCT involving 689 patients from 12 hospitals 
were randomized to receive polyhexanide 0.04% irrigation, 
saline irrigation, or no irrigation before wound closure. The 
primary outcome, SSIs within 30 days postoperatively, was 
observed in 11.8% of participants overall, with no statistical 
superiority observed for polyhexanide irrigation compared 
to saline or no irrigation.16  These results stand in contrast to 
the effect seen with the phosphate buffer solution and 
further emphasizes the need for more RCTs to identify the 
ideal intraoperative irrigation solution. 
  The observed reduction in SSI rates with the combined use 
of vancomycin powder and Phosphate buffer irrigation 
underscores the potential synergistic effects of these 
interventions. While vancomycin powder targets bacterial 
colonization at the surgical site, Phosphate buffer irrigation 
offers sustained antimicrobial activity and biofilm reduction 
without compromising tissue viability. The retrospective 
study's findings align with the call for evidence-based 
standardization of surgical irrigation practices, as advocated 
by many infection prevention experts.17 

  However, several considerations warrant attention. The 
retrospective nature of the study may introduce biases and 
limits causal inference. Surgical technique and degree of 
operative contamination differs among surgeons, and as 
such are important independent variables when predicting 
surgical site infection rates. This was a non-randomized 
design with all patients in the Phosphate buffer group being 
treated by a single surgeon and patients in the control group 
being treated by two other surgeons. We were unable to 
control for surgeon characteristics in our regression model, 
significantly limiting our results. However, all surgeons have 
over 15 years of experience and have been practicing 
together since 2015.  In addition, differential 
misclassification could have occurred in patients without SSI. 
It is possible that patients experienced a SSI and sought care 
outside the system or did not have documentation that 
flagged investigators to conduct manual chart review. 
Ensuring that patients had at least one documented out-
patient encounter in post-operative period reduces the 
likelihood of misclassification occurring. Prospective 
randomized controlled trials are warranted to validate the 
observed outcomes and elucidate the mechanisms 
underlying the combined efficacy of vancomycin powder and 
Phosphate buffer irrigation. Additionally, the generalizability 
of findings to diverse patient populations and surgical 
contexts merits further investigation.  

Conclusion 
This study does show a potential advantage for the 

potential use of combined vancomycin powder and 
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phosphate buffer irrigation as a strategy for reducing 
surgical site infection risk. However, the study was limited 
by its size and retrospective nature. Thus, larger scale and 
prospective randomized studies should be conducted in 
order to validate these initial findings.  
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