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Abstract 

Surgical site infection (SSI) is one of the most common complications after orthopaedic surgery, 
leading to significant morbidity and its associated costs. Surgical guidelines strongly recommend 
the use of systemic antibiotic prophylaxis to reduce the risk for developing SSI. Locally 
administered powdered antibiotics have the potential to provide remarkably high intra-wound 
concentrations without risk for systemic toxicity. However, a paucity of high quality evidence in 
the orthopaedic literature has prevented widespread adoption of this technique. The majority of 
clinical studies on local intra-wound antibiotics have evaluated the use of topical powdered 
vancomycin in spinal surgery, though only a single prospective study currently exists. This review 
will discuss all the available evidence describing the effectiveness, pharmacokinetics, and potential 
adverse effects with the use of topical powdered antibiotics in orthopedic surgery. 
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Introduction 
Infection is one of the most dreaded 

complications in orthopaedic surgery. Despite careful 
antiseptic technique, surgical site infection (SSI) has 
now become the most common and costly cause of 
healthcare-associated infection in the US, accounting 
for considerable morbidity and mortality. (1-4) The 
United States Centers for Disease Control (CDC) 
National Healthcare Safety Network (NHSN) 
reported an overall SSI rate of 2% in the US from 
2006-2008. (5) According to this same report, SSI 
occurred in 1.1% of orthopaedic procedures, 
including 1.05% of elective total joint arthroplasty 
(TJA), 1.3% of spinal surgeries, and 1.7% of open 
fracture reductions. (6) Orthopaedic SSIs significantly 
prolong hospitalizations, increase hospital 
readmissions and costs, and limit functional and 
quality of life outcomes. (7) Therefore, both published 
guidelines and established evidence support 
prophylactic use of preoperative systemic antibiotics 
to prevent SSI. (8-13) According to a recent survey of 
orthopaedic surgeons in Canada, 96.6% indicated 

routine use of systemic prophylactic antibiotics in 
TJA, primarily with cefazolin. (14) Not included in 
most guidelines is the use of local antibiotics for 
perioperative infection prophylaxis. 

Local administration of topical powdered 
antibiotics was first popularized in the late 1960s for 
prevention of wound infection in abdominal surgery 
prior to the existence of effective systemic 
prophylaxis. (15) Topical antibiotics have also been 
applied locally in irrigation solutions, ointments, 
pastes, beads, sponges, and fleeces. (16) Local 
administration of powdered antibiotics is an attractive 
method, as it has the potential to deliver exceptionally 
high doses of antibiotic to the surgical site with less 
systemic exposure and thus potentially fewer adverse 
systemic effects. However, there is a dearth of high 
quality clinical evidence supporting this practice in 
both the orthopaedic and overall surgical literature. 
Further, the available literature spans decades during 
which major changes have been made in surgical 
protocols. Furthermore, antibiotics and the organisms 
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they are used to treat have evolved over time. The 
risk-benefit ratio of local antibiotic application is 
under investigation. The following is a review of the 
literature regarding the role of perioperative topical 
powdered antibiotics used in orthopaedic surgery. 

Background  
Acute SSI is thought mainly to arise from wound 

contamination occurring from a small inoculum 
during the operation. (17) In addition to skin 
preparation and other sterile techniques, antibiotic 
prophylaxis reduces the bacterial load at the operative 
site. This is especially important in the presence of a 
foreign body. While 103-105 bacteria may typically be 
necessary to initiate a bone infection, as few as 10 
organisms may be sufficient in the presence of an 
implant. (18) 

Delivery of local antibiotics 
Lyophilized powder is just one of several 

modalities that exist for local delivery of antibiotics. 
Other common methods used in orthopaedic surgery 
include irrigation solutions, bone graft and its 
substitutes, bone cement and cement beads, and 
natural or synthetic polymers. Additionally, 
ointments, pastes, and collagen sponges or fleeces 
have been used in other surgical fields for antibiotic 
delivery. (15) These modalities vary in their utility 
and pharmacokinetics, and the most appropriate 
formulation should be individualized to suit a specific 
application. Powders have been studied most 
extensively for applications requiring short-term 
exposure, such as surgical prophylaxis. Prolonged 
antibiotic exposure increases risk for systemic toxicity 
or the emergence of resistance. (19, 20)  

Timing of local antibiotics 
Local antibiotics are typically not applied until 

just before closure, which some suggest may limit 
their use other than as an adjunct to parenteral 
prophylaxis. There is evidence to suggest that there is 
a finite period during which prophylactic antibiotics 
may suppress an incisional infection. A study on 
experimental incisions in 1961 demonstrated that the 
effective period lasts for 3 hours from the moment 
bacteria gain access to tissue and maximal 
suppression is achieved when antibiotics are given 
before bacteria gain access to tissue. (21) It is unclear 
what role adjunctive local antibiotics play in 
prophylaxis for infection and what the appropriate 
timing of such antibiotics should be.  

Pharmacokinetics 
The goal in using local powdered antibiotics is to 

achieve substantially higher and longer-lasting 

antibiotic concentrations at the surgical site without 
exposing the systemic circulation to toxic drug levels. 
The pharmacokinetic profiles of locally applied 
powered antibiotics have been documented based 
solely upon small studies evaluating both serum drug 
levels and surgical site levels excreted into surgical 
drains. Three studies observed the pharmacokinetics 
of vancomycin powder administered locally into 
surgical spine wounds. (22-24) After administration of 
2 grams of vancomycin, surgical site levels during the 
first day postoperatively reached nearly 1500 mg/L 
and remained elevated above 100 mg/L through the 
third day. (22) In contrast, serum levels were 
undetectable (<0.6 mg/L) in 80% of patients. Similar 
results were observed with administration of 1 gram 
of vancomycin topically in pediatric spine patients, 
with surgical drain levels reaching above 400 mg/L 
and serum concentrations peaking at a mean of only 
2.5 mg/L postoperatively. (24) When administered 
onto the cut edge of sternotomy wounds, 0.5-1 gram 
vancomycin slurries reached peak levels in serum of 
less than 3 mg/L over the first few hours. (25, 26) 
Serum levels appear to remain considerably below the 
recommended vancomycin trough concentration of 
5-10 mg/L. (25) In addition to vancomycin, the 
pharmacokinetics of cefazolin were also evaluated in 
24 patients undergoing bilateral breast reduction. (27) 
Patients receiving cefazolin administered locally by 
wound irrigation achieved a peak concentration at the 
surgical site that was 186 times greater (nearly 4200 
mg/L) than in patients for which cefazolin was 
administered intravenously. (27) The cefazolin 
concentration remained well above a typical 
minimum inhibitory concentration (MIC) well beyond 
24 hours, as compared to only 5 hours with 
intravenous administration. There are no studies 
specifically on the pharmacokinetics of cefazolin 
powder. Finally, gentamicin collagen sponges 
achieved exceedingly high concentrations of greater 
than 100 mg/L after 8 hours, with serum 
concentrations below 3 mg/L at that same time point 
and undetectable in nearly all patients within 48 
hours. (28) 

Contribution to resistance 
It is generally accepted that exposure to 

antibiotics increases the likelihood of the emergence 
of drug resistance. (29) Minimizing antibiotic 
exposure for surgical patients (so-called antibiotic 
stewardship) is considered to be a best practice. (30) In 
the setting of topical powdered antibiotics, an 
increased risk for resistance is theoretical and difficult 
to quantify. Of particular concern is persistent 
systemic exposure to sub-inhibitory levels of 
vancomycin, which may select for resistant strains. 
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The development of vancomycin-intermediate 
resistant Staphylococcus was demonstrated in an in 
vitro model with persistent vancomycin exposure 
above 10 mg/L. (31) However, experimental 
exposures were 5-fold higher than peak systemic 
levels typically achieved with topical intra-wound 
vancomycin. Another study evaluated for changes in 
the microbiologic properties of a methicillin-resistent 
Staphylcoccus aureus (MRSA) strain in a patient 
receiving chronic exposure to vancomycin for a 
9-month period. (32) No resistance was detected, and 
only minimal changes in vancomycin susceptibility 
were observed. Finally, the emergence of vancomycin 
resistance has not been reported in studies on the use 
of topical vancomycin in spine surgery. (33) As its 
contribution to resistance is a major public health 
concern, surgeons must weigh the risks and benefits 
of using topical antibiotics. 

Adverse effects 
One of the major attractions of local antibiotics is 

the prospect of low systemic toxicity. A recent 
systematic review reported all adverse events with 
the use of powdered intra-wound vancomycin in 
spine surgery. (33) Of 6701 patients identified in 16 
studies, only 23 complications were reported. 
Culture-negative seromas were reported in 19 
patients, two patients experienced ototoxicity 
resulting in transient hearing loss, 1 patient had 
nephropathy, and super-therapeutic exposure was 
reported for 1 patient. There is also a case report 
describing circulatory collapse following an 
anaphylactic reaction to intra-wound vancomycin 
during a spinal procedure. (34) Another study found 
topical vancomycin to be safe for use in pediatric 
spine patients, with no reported anaphylaxis, 
nephrotoxicity, red man syndrome, thrombophlebitis, 
or rash. (23)  

The effect of antibiotics on bone healing has also 
been investigated. In an experimental model, the use 
of local vancomycin, cefazolin, and gentamicin had no 
significant effect on fracture healing at typical levels 
achieved with systemic therapy. (16, 35) However, as 
noted previously, much higher concentrations (>2000 
mg/L) may be attained when using local antibiotics. 
Studies on osteoblast-like cells have demonstrated 
that concentrations of vancomycin below 1000 mg/L 
had little or no detrimental effect, but concentrations 
of 10,000 mg/L caused osteoblast cell death. (36) 
Cefazolin concentrations of 100 mg/L had no effect, 
but cell replication was significantly reduced at 
concentrations of 200 mg/L and cell death ensued at 
levels above 10,000 mg/L. (36) A similar study on 
tobramycin demonstrated no effect at concentrations 
less than 200 mg/L, decreased cell replication above 

400 mg/L, and cell death at concentrations greater 
than 10,000 mg/L. (37) In one meta-analysis, the 
relative risk for pseudarthrosis with the use of topical 
vancomycin in spine surgery was 0.87 (p=0.77). (38) 

While there is little clinical evidence on the use of 
topical antibiotics in total joint arthroplasty (TJA), 
there are some concerns with regard to third-body 
wear with the addition of a crystalline powder near 
the implant interface. However, little difference in 
wear behavior was appreciated when 
cobalt-chromium and ultra-high molecular weight 
polyethylene were exposed to 10 million cycles in a 
wear simulator. (39)  

Finally, concern over an increase in wound 
dehiscence or herniation was evaluated in prior 
studies on gastrointestinal and vascular surgery. 
Three studies demonstrated no increased risk with the 
use of topical ampicillin or vancomycin, though one 
study reported a trend towards increased dehiscence 
(6.7% vs. 4.1%) and herniation (10.8% vs. 3.3%). (40, 
41, 42) 

Clinical evidence in orthopaedic surgery 
We have summarized the available clinical 

studies evaluating the efficacy of topical powdered 
antibiotics for surgical prophylaxis in orthopaedic 
surgery. As aforementioned in the Introduction, there 
is a dearth of high quality prospective evidence 
evaluating the use of topical powdered antibiotics in 
orthopaedic surgery.  

Spine surgery 
The administration of local intra-wound 

vancomycin has become a routine practice for many 
spine surgeons. This trend has occurred despite a lack 
of high level evidence. Of 21 controlled studies 
published on powdered vancomycin in the literature, 
only a single study was performed prospectively as a 
randomized controlled trial. Further, 11 of 20 
retrospective studies utilized a pre- and 
post-intervention design without adequately 
controlling for potential confounders in the historical 
control group. Similar to an editorial in 2014, we 
found that control groups in 8 retrospective studies 
had SSI rates above 11%, which is several-fold higher 
than the median rate (3%) in a report on high-risk 
patients undergoing spinal fusion. (6, 43) Finally, 
most studies did not use a standardized definition for 
SSI, and meta-analyses have clearly identified a 
publication bias indicating that only positive studies 
have been reported. The currently available evidence 
is reviewed below. 

Meta-analyses 
Eight meta-analyses have been published since 
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2014 reporting on the pooled risk for SSI from up to 16 
studies with and without the use of topical 
vancomycin in spinal surgery. (33, 38, 44-49) Each 
meta-analysis found a statistically significant 
improvement in favor of the use of topical 
vancomycin, with odds ratios for SSI ranging from 
0.11 to 0.43. 

Randomized controlled trials 
One randomized trial was performed from 

2011-2012, which included 907 patients who 
underwent both instrumented and non-instrumented 
spinal surgery in India. (50) All patients received 
systemic prophylaxis with intravenous cefuroxime for 
at least 24 hours postoperatively or until drain 
removal for instrumented procedures. The 
intervention group also received 1 gram of topical 
vancomycin introduced into the muscle, fascia, and 
subcutaneous tissue. There was no significant 
difference in the rate of SSI between the control 
(1.68%) and treatment (1.61%) groups. 

Consecutive retrospective cohort studies 
Nine retrospective studies reported on a cohort 

of patients who underwent consecutive spinal 
procedures with or without topical vancomycin. 
These studies were quite small, ranging in size from 
110 to 389 patients. Six studies demonstrated a 
statistically significant reduction in the rate of SSI 
with the use of topical vancomycin, and two 
additional studies reported a strong trend in favor of 
topical antibiotics. (51-58) However, one study using 
propensity score matching demonstrated no 
difference with the use of topical vancomycin; this 
was one of only two studies that accounted for 
potentially confounding variables. (59) Odds ratios 
for SSI with topical vancomycin ranged from 0.06 to 
0.75. 

Pre- and post-intervention retrospective cohort 
studies 

Eleven studies employed a historical control 
group of patients who underwent spinal surgery prior 
to commencing use of topical vancomycin. While five 
studies were small, including 300 or fewer patients, 
there were also several large studies ranging in size 
from 683 to 3598 patients. Four of five small studies 
demonstrated a statistically significant reduction in 
SSI with topical vancomycin, with odds ratios for SSI 
ranging from 0.02-0.96. (60-64) Similarly, five of six 
larger studies reported a significant reduction in the 
rate of infection with topical vancomycin, with odds 
ratios ranging from 0.08-0.48. (22, 65-69) Only a single 
study of this type accounted for confounding 
variables.  

While enthusiasm for topical vancomycin may 
be warranted based upon an accumulation of 
retrospective evidence, the single randomized 
controlled trial performed to date reported no 
difference in the rate of SSI. (50) Well designed 
prospective studies are needed to provide more 
rigorous evidence either supporting or refuting the 
role of local antibiotic application in prophylaxis for 
SSI. 

Total Joint Arthroplasty 
A single retrospective clinical study has reported 

initial results with the use of topical vancomycin for 
surgical prophylaxis in total hip arthroplasty. (70) 125 
consecutive patients who underwent THA received 
either intravenous cefazolin alone or in addition to 2 
grams of vancomycin powder. There was a 
significantly lower infection rate for patients receiving 
topical vancomycin, and there were no adverse events 
reported. 

Trauma 
A single retrospective pilot study was published 

using topical intra-wound vancomycin powder for 
prophylaxis in orthopaedic trauma surgery. (71) Ten 
out of 93 patients who underwent open reduction and 
internal fixation for a high-energy tibial plateau or 
pilon fractures received 1 gram of topical vancomycin 
in addition to intravenous cefazolin. As compared to 
16.8% of patients in the control group, 1 (10%) patient 
who received topical vancomycin prophylaxis 
developed a deep infection. This difference was not 
significantly different.  

Foot and Ankle 
In a retrospective matched cohort study, 81 

diabetic patients who underwent foot and ankle 
reconstruction surgery and received 0.5-1 gram of 
topical intra-wound vancomycin were matched to 81 
similar patients who received only intravenous 
antibiotic prophylaxis. (72) There was a statistically 
significant reduction in deep surgical site infection of 
73%, but no significant reduction in superficial 
infections. 

Elbow 
Finally, a retrospective study including 272 

patients who underwent open release of 
post-traumatic elbow stiffness reported decreased 
post-operative infection with the addition of 1 gram of 
topical vancomycin compared to intravenous 
cefazolin alone. (73) There was a statistically lower 
rate of SSI for patients in the topical vancomycin 
group (0.0%) as compared to those in control group 
(6.5%). 
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Conclusions 
Surgical guidelines recommend antibiotic 

prophylaxis in orthopaedic procedures, especially in 
cases with prosthesis implantation. Administration of 
local antibiotics in conjunction with parenteral 
antibiotics is attractive to surgeons seeking to reduce 
the incidence of SSI. However, there is only a single 
randomized trial in the orthopaedic literature that 
assessed the use of topical intra-wound antibiotics in 
spinal surgery, and few studies exist in other fields of 
orthopaedics. Future research should focus on 
providing high quality evidence that can help to 
define the role of local intra-wound antibiotics in 
orthopaedic surgery. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1.  Burke JP. Infection control - A problem for patient safety. New Engl J Med 

2003;348(7):651-6. 
2.  Zimlichman E, Henderson D, Tamir O, Franz C, Song P, Yamin CK, et al. 

Health care-associated infections: AMeta-analysis of costs and financial impact 
on the US health care system. JAMA Intern Med 2013;173(22):2039-46. 

3.  Horan TC, Culver DH, Gaynes RP, Jarvis WR, Edwards JR, Reid CR. 
Nosocomial infections in surgical patients in the United States, January 
1986-June 1992. National Nosocomial Infections Surveillance (NNIS) System. 
Infect Control Hosp Epidemiol 1993 Feb;14(2):73-80. 

4.  Magill SS, Hellinger W, Cohen J, Kay R, Bailey C, Boland B, et al. Prevalence of 
healthcare-associated infections in acute care hospitals in Jacksonville, Florida. 
Infect Control Hosp Epidemiol 2012;33(3):283-91. 

5.  Mu Y, Edwards JR, Horan TC, Berrios-Torres SI, Fridkin SK. Improving 
risk-adjusted measures of surgical site infection for the national healthcare 
safety network. Infect Control Hosp Epidemiol 2011 Oct;32(10):970-86. 

6.  Edwards JR, Peterson KD, Mu Y, Banerjee S, Allen-Bridson K, Morrell G, et al. 
National Healthcare Safety Network (NHSN) report: data summary for 2006 
through 2008, issued December 2009. Am J Infect Control 2009 
Dec;37(10):783-805. 

7.  Whitehouse JD, Friedman ND, Kirkland KB, Richardson WJ, Sexton DJ. The 
impact of surgical-site infections following orthopedic surgery at a community 
hospital and a university hospital: adverse quality of life, excess length of stay, 
and extra cost. Infect Control Hosp Epidemiol 2002 Apr;23(4):183-9. 

8.  Bratzler DW, Houck PM, Surgical Infection Prevention Guideline Writers 
Workgroup. Antimicrobial prophylaxis for surgery: an advisory statement 
from the National Surgical Infection Prevention Project. Am J Surg 2005 
Apr;189(4):395-404. 

9.  AlBuhairan B, Hind D, Hutchinson A. Antibiotic prophylaxis for wound 
infections in total joint arthroplasty: a systematic review. J Bone Joint Surg Br 
2008 Jul;90(7):915-9. 

10.  Gillespie WJ, Walenkamp G. Antibiotic prophylaxis for surgery for proximal 
femoral and other closed long bone fractures. Cochrane Database Syst Rev 
2001;1:CD000244. 

11.  Prokuski L, Clyburn TA, Evans RP, Moucha CS. Prophylactic antibiotics in 
orthopaedic surgery. Instr Course Lect 2011;60:545-55. 

12.  Southwell-Keely JP, Russo RR, March L, Cumming R, Cameron I, Brnabic 
AJM. Antibiotic Prophylaxis in Hip Fracture Surgery: A Metaanalysis. Clin 
Orthop Relat Res 2004;419:179-84. 

13.  Oishi CS, Carrion WV, Hoaglund FT. Use of parenteral prophylactic 
antibiotics in clean orthopaedic surgery: A review of the literature. Clin 
Orthop Relat Res 1993;296:249-55. 

14.  De Beer J, Petruccelli D, Rotstein C, Weening B, Royston K, Winemaker M. 
Antibiotic prophylaxis for total joint replacement surgery: Results of a survey 
of Canadian orthopedic surgeons. Can J Surg 2009;52(6):E229-34. 

15.  Huiras P, Logan JK, Papadopoulos S, Whitney D. Local antimicrobial 
administration for prophylaxis of surgical site infections. Pharmacotherapy 
2012;32(11):1006-19. 

16.  Hanssen AD. Local antibiotic delivery vehicles in the treatment of 
musculoskeletal infection. Clin Orthop Relat Res 2005; (437):91-6. 

17.  Whyte W, Hodgson R, Tinkler J. The importance of airborne bacterial 
contamination of wounds. J Hosp Infect 1982 Jun;3(2):123-35. 

18.  Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne 
contamination of wounds in joint replacement operations: the relationship to 
sepsis rates. J Hosp Infect 1983 Jun;4(2):111-31. 

19.  Glenny A, Song F. Antimicrobial prophylaxis in total hip replacement: a 
systematic review. Health Technol Assess 1999;3(21):1-57. 

20.  Bratzler DW, Dellinger EP, Olsen KM, Peri TM, Auwaerter PG, Bolon MK, 
Fish DN, Napolitano LM, Sawyer RG, Slain D, Steinberg JP, Weinstein RA. 
ASHP therapeutic guidelines on antimicrobial prophylaxis in surgery. Am J 
Health-Syst Pharm 1999;56(18):1839-88. 

21.  Burke JF. The effective period of preventive antibiotic action in experimental 
incisions and dermal lesions. Surgery 1961 Jul;50:161-8. 

22.  Sweet FA, Roh M, Sliva C. Intrawound application of vancomycin for 
prophylaxis in instrumented thoracolumbar fusions: Efficacy, drug levels, and 
patient outcomes. Spine 2011;36(24):2084-8. 

23.  Gans I, Dormans JP, Spiegel DA, Flynn JM, Sankar WN, Campbell RM, et al. 
Adjunctive vancomycin powder in pediatric spine surgery is safe. Spine 
2013;38(19):1703-7. 

24.  Armaghani SJ, Menge TJ, Lovejoy SA, Mencio GA, Martus JE. Safety of topical 
vancomycin for pediatric spinal deformity: Nontoxic serum levels with 
supratherapeutic drain levels. Spine 2014;39(20):1683-7. 

25.  Desmond J, Lovering A, Harle C, Djorevic T, Millner R. Topical vancomycin 
applied on closure of the sternotomy wound does not prevent high levels of 
systemic vancomycin. Eur J Cardio-thorac Surg 2003;23(5):765-70. 

26.  Oakley RE, Nimer KA, Bukhari E. Is the use of topical vancomycin to prevent 
mediastinitis after cardiac surgery justified? J Thorac Cardiovasc Surg 2000 
Jan;119(1):190-1. 

27.  White RR, Pitzer KD, Fader RC, Rajab MH, Song J. Pharmacokinetics of topical 
and intravenous cefazolin in patients with clean surgical wounds. Plast 
Reconstr Surg 2008;122(6):1773-9. 

28.  Friberg Ö, Svedjeholm R, Söderquist B, Granfeldt H, Vikerfors T, Källman J. 
Local gentamicin reduces sternal wound infections after cardiac surgery: A 
randomized controlled trial. Ann Thorac Surg 2005;79(1):153-61. 

29.  Shlaes DM, Gerding DN, John JF,Jr, Craig WA, Bornstein DL, Duncan RA, et 
al. Society for Healthcare Epidemiology of America and Infectious Diseases 
Society of America Joint Committee on the Prevention of Antimicrobial 
Resistance: guidelines for the prevention of antimicrobial resistance in 
hospitals. Infect Control Hosp Epidemiol 1997 Apr;18(4):275-91. 

30.  Dellinger EP, Gross PA, Barrett TL, Krause PJ, Martone WJ, McGowan JE,Jr, et 
al. Quality standard for antimicrobial prophylaxis in surgical procedures. The 
Infectious Diseases Society of America. Infect Control Hosp Epidemiol 1994 
Mar;15(3):182-8. 

31.  Tsuji BT, Rybak MJ, Lau KL, Sakoulas G. Evaluation of accessory gene 
regulator (agr) group and function in the proclivity towards vancomycin 
intermediate resistance in Staphylococcus aureus. Antimicrob Agents 
Chemother 2007 Mar;51(3):1089-91. 

32.  Sakoulas G, Gold HS, Cohen RA, Venkataraman L, Moellering RC, Eliopoulos 
GM. Effects of prolonged vancomycin administration on methicillin-resistant 
Staphylococcus aureus (MRSA) in a patient with recurrent bacteraemia. J 
Antimicrob Chemother 2006 Apr;57(4):699-704. 

33.  Ghobrial GM, Cadotte DW, Williams K, Fehlings MG, Harrop JS. 
Complications from the use of intrawound vancomycin in lumbar spinal 
surgery: A systematic review. Neurosurg Focus 2015;39(4). 

34.  Mariappan R, Manninen P, Massicotte EM, Bhatia A. Circulatory collapse after 
topical application of vancomycin powder during spine surgery Case report. J 
Neurosurg Spine 2013;19(3):381-3. 

35.  Haleem AA, Rouse MS, Lewallen DG, Hanssen AD, Steckelberg JM, Patel R. 
Gentamicin and vancomycin do not impair experimental fracture healing. Clin 
Orthop Relat Res 2004;427:22-4. 

36.  Edin ML, Miclau T, Lester GE, Lindsey RW, Dahners LE. Effect of cefazolin 
and vancomycin on osteoblasts in vitro. Clin Orthop Relat Res 1996;333:245-51. 

37.  Miclau T, Edin ML, Lester GE, Lindsey RW, Dahners LE. Bone toxicity of 
locally applied aminoglycosides. J Orthop Trauma 1995;9(5):401-6. 

38.  Alcalá-Cerra G, Paternina-Caicedo AJ, Moscote-Salazar LR, 
Gutiérrez-Paternina JJ, Niño-Hernández LM. Application of vancomycin 
powder into the wound during spine surgery: Systematic review and 
meta-analysis. Rev Esp Cir Ortop Traumatol 2014;58(3):182-91. 

39.  Qadir R, Ochsner JL, Chimento GF, Meyer MS, Waddell B, Zavatsky JM. 
Establishing a role for vancomycin powder application for prosthetic joint 
infection prevention-results of a wear simulation study. J Arthroplasty 
2014;29(7):1449-56. 

40.  Raahave D, Hesselfeldt P, Pedersen T, Zachariassen A, Kann D, Hansen OH. 
No effect of topical ampicillin prophylaxis in elective operations of the colon 
or rectum. Surg Gynecol Obstet 1989;168(2):112-4. 

41.  Andersen B, Korner B, Ostergaard AH. Topical ampicillin against wound 
infection after colorectal surgery. Ann Surg 1972;176(2):129-32. 

42.  Mohammed S, Pisimisis GT, Daram SP, Bechara CF, Barshes NR, Lin PH, et al. 
Impact of intraoperative administration of local vancomycin on inguinal 
wound complications. J Vasc Surg 2013;57(4):1079-83. 

43.  Baker AW, Chen LF. Letter to the editor regarding: "effectiveness of local 
vancomycin powder to decrease surgical site infections: A meta-analysis" by 
Chiang et al. Spine J 2014;14(6):1092. 

44.  Khan NR, Thompson CJ, DeCuypere M, Angotti JM, Kalobwe E, Muhlbauer 
MS, et al. A meta-analysis of spinal surgical site infection and vancomycin 
powder. J Neurosurg Spine 2014;21(6):974-83. 



 J. Bone Joint Infect. 2017, Vol. 2 

 
http://www.jbji.net 

28 

45.  Xiong L, Pan Q, Jin G, Xu Y, Hirche C. Topical intrawound application of 
vancomycin powder in addition to intravenous administration of antibiotics: 
A meta-analysis on the deep infection after spinal surgeries. Orthop 
Traumatol: Surg Res 2014;100(7):785-9. 

46.  Bakhsheshian J, Dahdaleh NS, Lam SK, Savage JW, Smith ZA. The use of 
vancomycin powder in modern spine surgery: Systematic review and 
meta-analysis of the clinical evidence. World Neurosurg 2015;83(5):816-23. 

47.  Chiang H-, Herwaldt LA, Schweizer ML. Reply to letter to the editor by Baker 
and Chen regarding Effectiveness of local vancomycin powder to decrease 
surgical site infections: A meta-analysis. Spine J 2014;14(7):1367-8. 

48.  Chiang H-, Herwaldt LA, Blevins AE, Cho E, Schweizer ML. Effectiveness of 
local vancomycin powder to decrease surgical site infections: A meta-analysis. 
Spine J 2014;14(3):397-407. 

49.  Evaniew N, Khan M, Drew B, Peterson D, Bhandari M, Ghert M. Intrawound 
vancomycin to prevent infections after spine surgery: a systematic review and 
meta-analysis. Eur Spine J 2015;24(3):533-42. 

50.  Tubaki VR, Rajasekaran S, Shetty AP. Effects of using intravenous antibiotic 
only versus local intrawound vancomycin antibiotic powder application in 
addition to intravenous antibiotics on postoperative infection in spine surgery 
in 907 patients. Spine 2013;38(25):2149-55. 

51.  Dennis HH, Wei DT, Darren KZ, Shantakumar JT, Kumar N, Lau LL, et al. Is 
Intraoperative Local Vancomycin Powder the Answer to Surgical Site 
Infections in Spine Surgery? Spine (Phila Pa 1976) 2016 May 23. 

52.  Gaviola ML, McMillian WD, Ames SE, Endicott JA, Alston WK. A 
Retrospective Study on the Protective Effects of Topical Vancomycin in 
Patients Undergoing Multilevel Spinal Fusion. Pharmacotherapy 2016 
Jan;36(1):19-25. 

53.  Theologis AA, Demirkiran G, Callahan M, Pekmezci M, Ames C, Deviren V. 
Local intrawound vancomycin powder decreases the risk of surgical site 
infections in complex adult deformity reconstruction: A cost analysis. Spine 
2014;39(22):1875-80. 

54.  O'Neill KR, Smith JG, Abtahi AM, Archer KR, Spengler DM, McGirt MJ, et al. 
Reduced surgical site infections in patients undergoing posterior spinal 
stabilization of traumatic injuries using vancomycin powder. Spine J 
2011;11(7):641-6. 

55.  Godil SS, Parker SL, O'Neill KR, Devin CJ, McGirt MJ. Comparative 
effectiveness and cost-benefit analysis of local application of vancomycin 
powder in posterior spinal fusion for spine trauma Presented at the 2013 Joint 
Spine Section Meeting Clinical article. J Neurosurg Spine 2013;19(3):331-5. 

56.  Hill BW, Emohare O, Song B, Davis R, Kang MM. The use of vancomycin 
powder reduces surgical reoperation in posterior instrumented and 
noninstrumented spinal surgery. Acta Neurochir 2014;156(4):749-54. 

57.  Emohare O, Ledonio CG, Hill BW, Davis RA, Polly DW, Kang MM. Cost 
savings analysis of intrawound vancomycin powder in posterior spinal 
surgery. Spine J 2014;14(11):2710-5. 

58.  Ross JAG, Gallardo AJM, Martínez EE, Atanasio JMP, Martínez RM. Intrasite 
vancomycin powder as a prophylactic adjuvant in lumbar fusion. Coluna 
Columna 2016;15(1):44-7. 

59.  Martin JR, Adogwa O, Brown CR, Kuchibhatla M, Bagley CA, Lad SP, et al. 
Experience with intrawound vancomycin powder for posterior cervical fusion 
surgery. J Neurosurg Spine 2015;22(1):26-33. 

60.  Kim HS, Lee SG, Kim WK, Park CW, Son S. Prophylactic intrawound 
application of vancomycin powder in instrumented spinal fusion surgery. 
Korean J Spine 2013 Sep;10(3):121-5. 

61.  Martin JR, Adogwa O, Brown CR, Bagley CA, Richardson WJ, Lad SP, et al. 
Experience with intrawound vancomycin powder for spinal deformity 
surgery. Spine 2014;39(2):177-84. 

62.  Strom RG, Pacione D, Kalhorn SP, Frempong-Boadu AK. Lumbar 
laminectomy and fusion with routine local application of vancomycin powder: 
Decreased infection rate in instrumented and non-instrumented cases. Clin 
Neurol Neurosurg 2013;115(9):1766-9. 

63.  Strom RG, Pacione D, Kalhorn SP, Frempong-Boadu AK. Decreased risk of 
wound infection after posterior cervical fusion with routine local application 
of vancomycin powder. Spine 2013;38(12):991-4. 

64.  Caroom C, Tullar JM, Benton Jr. EG, Jones JR, Chaput CD. Intrawound 
vancomycin powder reduces surgical site infections in posterior cervical 
fusion. Spine 2013;38(14):1183-7. 

65.  Heller A, McIff TE, Lai S-, Burton DC. Intrawound vancomycin powder 
decreases staphylococcal surgical site infections after posterior instrumented 
spinal arthrodesis. J Spinal Disord Tech 2015;28(10):E584-9. 

66.  Pahys JM, Pahys JR, Cho SK, Kang MM, Zebala LP, Hawasli AH, et al. 
Methods to decrease postoperative infections following posterior cervical 
spine surgery. J Bone Jt Surg Ser A 2013;95(6):549-54. 

67.  Schroeder JE, Girardi FP, Sandhu H, Weinstein J, Cammisa FP, Sama A. The 
use of local vancomycin powder in degenerative spine surgery. Eur Spine J 
2016;25(4):1029-33. 

68.  Tomov M, Mitsunaga L, Durbin-Johnson B, Nallur D, Roberto R. Reducing 
Surgical Site Infection in Spinal Surgery with Betadine Irrigation and 
Intrawound Vancomycin Powder. Spine 2015;40(7):491-9. 

69.  Rahman RK, Lenke LG, Bridwell KH, Buchowski J, Dickson DD, Aleem A, et 
al. Intrawound Vancomycin Powder Lowers the Acute Deep Wound Infection 
Rate in Adult Spinal Deformity Patients: PAPER #36. Spine: Affiliated Society 
Meeting Abstracts; 2011. 

70.  Omrani FA, Emami M, Sarzaeem M, Zarei R, Yeganeh A. The effect of 
intra-wound vancomycin powder application in reducing surgical site 

infections after total hip arthroplasty. Biosci Biotechnol Res Asia 
2015;12(3):2383-6. 

71.  Singh K, Bauer JM, LaChaud GY, Bible JE, Mir HR. Surgical site infection in 
high-energy peri-articular tibia fractures with intra-wound vancomycin 
powder: a retrospective pilot study. J Orthop Traumatol 2015;16(4):287-91. 

72.  Wukich DK, Dikis JW, Monaco SJ, Strannigan K, Suder NC, Rosario BL. 
Topically Applied Vancomycin Powder Reduces the Rate of Surgical Site 
Infection in Diabetic Patients Undergoing Foot and Ankle Surgery. Foot Ankle 
Int 2015;36(9):1017-24. 

73.  Yan H, He J, Chen S, Yu S, Fan C. Intrawound application of vancomycin 
reduces wound infection after open release of post-traumatic stiff elbows: A 
retrospective comparative study. J Shoulder Elbow Surg 2014;23(5):686-92. 


