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Abstract  
* Administration of preoperative antibiotics is associated with reduced rates of surgical site 
infection. 
* Antibiotics should be continued for no longer than twenty-four hours after elective surgery or 
surgical treatment of closed fractures. 
* Chlorhexidine gluconate is superior to povidone-iodine for preoperative antisepsis for the 
patient and surgeon. 
* Closed suction drainage is not warranted in elective total joint replacement. It is associated 
with an increased relative risk of transfusions. Drains left in situ for more than twenty-four hours 
are at an increased risk for bacterial contamination. 



* The rate of postoperative infections associated with occlusive dressings is lower than that 
associated with nonocclusive dressings. 
* Appropriate management of blood glucose levels, oxygenation, and the temperature of the 
patient reduces the risk of postoperative infection. 

 
 
 

Surgical site infection is one of the most common complications that a surgeon encounters, with 
an infection occurring after approximately 780,000 operations in the United States each year 1. 
In the era of evidence-based medicine, it is in the best interest of patients and physicians to 
follow practices backed by basic science and clinical data. Unfortunately, standards of practice, 
even for the use of prophylactic antibiotics, are frequently not followed 2. In 2005, this journal 
made a commitment to present physicians with the literature to support the best available 
treatment for their patients with use of “recommendations for care” based on grades of 
recommendation in review articles 3. Grades of recommendation are intended to guide surgeons 
in determining whether they should change their practice on the basis of good (Grade-A) or fair 
(Grade-B) recommendations. Grade-A recommendations are generated from Level-I studies, 
whereas Grade-B recommendations are derived from Level-II or III research. A proposal is 
considered to be Grade C when there is poor or conflicting evidence concerning an intervention 
based on Level-IV or V studies, and Grade I indicates that evidence is inadequate to make a 
recommendation 4. We have provided these recommendations in this article, and we have also 
provided a level-of-evidence grade for individual studies. Methods for determining levels of 
evidence were introduced in this journal in 2003 and have been shown to be reliable and 
reproducible 5,6. 

The current article synthesizes the best available evidence regarding use of preoperative 
antibiotics before elective and emergent orthopaedic operations, preoperative skin preparation of 
the patient and surgeon, operating-room issues, wound closure, operative drainage, and use of 
dressings in the hope that it will help physicians to reduce the incidence of postoperative wound 
infection. The management and effect of important patient factors such as smoking, nutritional 
status, immunocompromise, medications, cardiovascular status, obesity, and other major 
comorbidities will not be addressed here. The reader is instead referred to an excellent review of 
these topics by Gurkan and Wenz 7. 

Antibiotic Issues  
Proven Benefits of Antimicrobial Prophylaxis  



The use of antibiotic prophylaxis in orthopaedic surgery has been shown to be beneficial. 
Initially, there was some debate about whether antibiotics administered prior to surgery would be 
of any benefit or worth the risk 8. Multiple prospective, double-blind studies support the use of 
antibiotic prophylaxis in the settings of closed fractures and total joint arthroplasty 9–16 (see 
Appendix). 

The benefits of antibiotic prophylaxis have been substantiated in studies of open fractures, for 
which antibiotics have been shown to be effective as long as they target the usual infecting 
organisms 17. In a prospective randomized trial, Patzakis and Wilkins found that the 
preoperative administration of appropriate antibiotics was the most important factor in 
determining the rate of wound infection in association with open fractures 18. The Cochrane 
Database of Systematic Reviews also endorses the practice of treating open fractures with 
prophylactic antibiotics 19. 

Choice of Antibiotic  

Bacterial contamination and eventual infection most often come from skin or airborne sources 
20,21. The most common organisms that cause deep wound infection are Staphylococcus aureus 
and coagulase-negative staphylococci such as Staphylococcus epidermidis20,22–24 Therefore 
either cefazolin or cefuroxime should be used in conjunction with hip or knee arthroplasty, 
fixation of closed fractures, and most elective orthopaedic procedures 2,22,25–27. 

Systemic antibiotic prophylaxis for patients with an open fracture has recently been 
systematically reviewed by the Surgical Infection Society (SIS)28 and the Eastern Association 
for the Surgery of Trauma (EAST)29. Each group developed recommendations on the basis of 
the classic classification system described by Gustilo and Anderson in 1976 and the subsequent 
modification by Gustilo et al. in 1984 (see Appendix)30–32. Both analyses 28,29 provided 
substantial evidence that antibiotic prophylaxis for type-I open fractures should include a first-
generation cephalosporin. Traditional teaching has asserted that coverage against gram-negative 
organisms is required for all type-III and perhaps some type-II fractures because of the increased 
contamination and higher-energy mechanism associated with these fractures. A penicillin has 
also been added to the prophylactic regimen for fractures at risk for clostridial contamination 33. 
The SIS and EAST groups differ with regard to their support of these principles. The EAST 
group recommends the use of additional coverage against gram-negative organisms on the basis 
of evidence that “gram negative organisms are cultured from type III wounds after initial 
débridement.”29 This statement is somewhat misleading as, to our knowledge, no recent 
investigations have shown any relationship between the results of cultures performed at the time 



of the initial presentation and the causative bacteria grown on culture during the management of 
a subsequent infection 34–36. The SIS group, citing the bacterial resistance patterns reported by 
Patzakis et al.17 in their seminal study in 1974, failed to find any outcomes data to support 
coverage against gram-negative bacteria. While two studies have shown that administration of 
gentamicin once daily is effective prophylaxis for patients with a type-II or III open fracture 
37,38, this regimen has not been compared with other antibiotic regimens, to our knowledge. The 
SIS group also suggested that penicillin G may not be the optimal therapy for clostridial 
infections, citing several studies of animals by Stevens et al.39–41, although the EAST group 
still recommends prophylaxis with penicillin for patients with a fracture at risk for clostridial 
contamination. A Grade-A recommendation can be made for the administration of a type-I 
cephalosporin for all open fractures. Despite their widespread use, there is currently insufficient 
evidence to support the use of aminoglycosides in the management of type-II and III open 
fractures. There is also not enough data to make recommendations (Grade I) regarding the use of 
penicillin for contaminated open fractures. This area clearly needs to be explored further in 
randomized controlled studies. 

Vancomycin or clindamycin may be used for patients with an allergy or adverse reaction to beta-
lactam antibiotics. To our knowledge, no one has compared the efficacy of clindamycin with that 
of vancomycin for prophylaxis against infection, and thus no recommendation can be made 
(Grade I) regarding the use of one antibiotic over the other for patients with an allergy to beta-
lactam agents. Cross reactivity between cephalosporins and penicillins has historically been 
reported to be >10%; however, this percentage has been questioned in the recent literature 
because of the lack of confirmation of the allergy with skin-testing. Current data suggest a much 
lower risk of cross reactivity 42. Anaphylaxis to cephalosporin is exceedingly rare, with the rate 
ranging from 0.0001% to 0.1%43. Li et al. assessed sixty patients with a documented allergy to 
penicillin or cephalosporin who were evaluated preoperatively by an allergist 44. Fifty-nine of 
these patients were given a penicillin-allergy skin test, and 93% (fifty-five) of the fifty-nine had a 
negative result of that test. Ninety percent (fifty-four) of the sixty patients in the series were 
cleared by the allergist to receive a cephalosporin. No patient had an allergic reaction. 
Nonetheless, multiple studies have shown a four to tenfold risk of cross reactivity in patients 
with a documented allergy to penicillin who are subsequently given a cephalosporin, and more 
than one expert panel has recommended the use of vancomycin for such patients 28,45. 

Timing of Antibiotic Administration  



Antibiotics should be administered within sixty minutes prior to the incision 46,47 and, ideally, 
as near to the time of the incision as possible 48–50. An additional intraoperative dose is advised 
if the duration of the procedure exceeds one to two times the half-life of the antibiotic or if there 
is substantial blood loss during the procedure 51. The American Academy of Orthopaedic 
Surgeons has developed recommendations regarding the frequency of intraoperative antibiotic 
administration (Table I)52. One potential method of ensuring preoperative, and if necessary 
subsequent intraoperative, administration of antibiotics in hospitals in which anesthesiologists 
track patients electronically is to include a computerized alert that reminds anesthetists and 
surgeons to provide the appropriate antibiotics 53. 
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Table I Recommendations by the American Academy of 
Orthopaedic Surgeons for Repeat Doses of Antibiotics 52  

 

Vancomycin Usage  

Vancomycin may be used for patients with known colonization with methicillin-resistant 
Staphylococcus aureus or in facilities with recent outbreaks of methicillin-resistant 
Staphylococcus aureus infections. Vancomycin may also be used for patients who have 
hypersensitivity to penicillin. Excessive use of vancomycin promotes the formation of resistant 
organisms 54–59. Vancomycin should be started within two hours prior to the incision because 
of its extended infusion time. The infusion time is extended to prevent the adverse reactions that 
are sometimes associated with vancomycin infusion, such as hypotension or chest pain 
mimicking myocardial infarction 60. H1 and H2 histamine receptor blockers allow more rapid 
infusion 61,62. 

Two randomized trials failed to demonstrate a benefit of vancomycin compared with cefazolin 
63 or cefuroxime 64 for preventing perioperative infections, although there was a lower 
prevalence of methicillin-resistant Staphylococcus aureus infections in patients treated with 
vancomycin. Vancomycin may be warranted for certain procedures in institutions where 



methicillin-resistant Staphylococcus aureus infection is an important problem or if the patient 
has identifiable risk factors, such as recent hospitalization, renal disease, or diabetes 2. 

Duration of Antibiotic Administration  

Current data support minimizing the duration of antibiotic administration. The postoperative 
duration of routine antibiotic use has decreased from multiple days to twenty-four hours. Some 
surgeons prefer a single dose. Research by Nelson et al. supports prophylactic antibiotic 
administration for twenty-four hours after total hip or total knee arthroplasty or hip fracture 
surgery 65. In their randomized controlled trial, 358 patients received prophylactic nafcillin or 
cefazolin for twenty-four hours or seven days. There was no significant difference in the 
prevalence of surgical site infection between the groups at six weeks or one year. Williams and 
Gustilo retrospectively compared the outcomes for 1341 patients who had received prophylaxis 
for three days following total joint arthroplasty with those for 450 patients who had received it 
for one day 66. An infection developed in eight (0.6%) of the 1341 patients in the first group 
compared with three (0.67%) of the 450 in the second group. Pollard et al.67 and Mauerhan et 
al.23 also found that the infection risk following twenty-four hours of antibiotic administration 
was no higher than that following three or fourteen days of administration. 

A single dose of antibiotics may be adequate for prophylaxis against perioperative infection. A 
randomized controlled trial of 466 patients treated with total joint arthroplasty showed no 
significant difference in the rate of surgical site infection between the group that had received a 
single dose of antibiotics and groups that had received prophylaxis for two, three, or seven days 
68. The authors noted that the use of single-dose prophylaxis instead of forty-eight hours of 
prophylaxis would save $7.7 million per 100,000 patients. Using antibiotics for two days 
postoperatively instead of for seven days postoperatively would save $29.7 million per 100,000 
patients. In a larger randomized controlled trial of 1489 patients with a closed fracture, Garcia et 
al. also demonstrated results that favor the use of a single prophylactic dose 69. The difference in 
the infection rate among treatment groups receiving one dose of cefonicid, three doses of 
cefamandole, or five doses of cefamandole was not significant. 

The proper duration of antibiotic prophylaxis for open fractures is not well established. Perhaps 
the lack of consensus about the treatment protocol is due to the high variability among open 
fractures and the poor interobserver reliability of the classifications of these injuries. On the basis 
of their extensive reviews, the SIS and EAST groups both recommended the use of prophylactic 
antibiotics for twenty-four hours postoperatively for patients with a type-I open fracture and for 
forty-eight to seventy-two hours for those with a type-III open fracture. The two groups differ 



with regard to their recommendations about the duration of antibiotic use for patients with a 
type-II fracture. EAST advocates twenty-four hours of prophylaxis, and SIS recommends forty-
eight hours. The lack of data supporting longer antibiotic prophylaxis suggests that 
administration for forty-eight hours following débridement of open fractures is not clinically 
warranted. Two prospective Level-I studies failed to show a difference in infection rates between 
a single dose of antibiotics and intravenous administration of antibiotics for five days in patients 
treated for an open fracture 70,71. Multiple studies have shown that extending antibiotic 
prophylaxis may actually increase the risk of resistant pneumonia and other systemic bacterial 
infections 72–76. 

Local Antibiotics  

Antibiotics may also be delivered locally, with use of impregnated cement beads, spacers, or 
premolded implants. Local antibiotic delivery requires a delivery vehicle, most commonly 
polymethylmethacrylate cement, and an antimicrobial agent available in a powder form. Two to 
4 g of tobramycin and 2 g of vancomycin per 70-g bag of cement are often used because they are 
active against the most common microbes and are heat-stable. Systemic toxicity is not a concern 
77. The eluted antibiotic represents a small percentage of the total amount of antibiotic present, 
and elution mainly occurs during the first twenty-four hours 78,79. For a more comprehensive 
analysis of the basic science and clinical benefits of local antibiotics in patients undergoing high-
risk joint reconstruction, the reader is referred to the excellent review by Jiranek et al.80. 

To our knowledge, no major prospective randomized control trials have shown a benefit to the 
use of local antibiotics compared with intravenous systemic antibiotics, but multiple 
retrospective series have suggested benefits of local antibiotics. Henry et al. found that the use of 
an antibiotic bead pouch decreased the prevalence of wound infection and osteomyelitis 
associated with open fractures; however, this increase was in comparison with the rate in 
historical controls 81. Keating et al. examined the benefit of the antibiotic-bead-pouch technique 
in a study of eighty-one open tibial fractures treated with intramedullary stabilization and either 
systemic antibiotics alone (twenty-six fractures) or a combination of systemic antibiotics and 
local tobramycin beads (fifty-five fractures)82. They found fewer deep infections in the patients 
managed with the combination of systemic and local antibiotics; however, this result was not 
significant (p = 0.12). Ostermann et al. performed a retrospective review of 1085 open fractures 
treated with either systemic antibiotics alone (240 fractures) or systemic and local antibiotics 
(845 fractures)83. The infection rate was significantly reduced by the use of local and systemic 
antibiotics (infection rate, 3.7% [thirty-one of 845]) rather than systemic antibiotics alone 



(infection rate, 12% [twenty-nine of 240]; p < 0.001). The reduction in the rate of acute 
osteomyelitis was significant in the patients with a type-IIIB or IIIC fracture, and the reduction in 
the rate of chronic osteomyelitis was significant in those with a type-II or IIIB fracture 83. This 
study has been criticized because a disproportionate number of wounds were left open in the 
group treated with systemic antibiotics, compared with the group treated with the bead pouch, 
potentially increasing the risk of local wound infection 84. We are aware of only one randomized 
trial involving use of the antibiotic bead pouch 85. This study, in which open fractures were 
managed with either systemic antibiotics or local antibiotics after a single preoperative 
prophylactic dose had been given in the emergency department, did not demonstrate a benefit in 
association with local administration (p > 0.05). The study was underpowered, and the follow-up 
rate was only 60%. 

In summary, preoperative antibiotics have become the standard of care before the vast majority 
of orthopaedic procedures (Table II). The decision regarding whether to administer an additional 
dose of antibiotics intraoperatively should be based on the half-life of the particular antibiotic. 
Vancomycin or clindamycin should be given to patients with a documented allergy to penicillin. 
Antibiotic use should be stopped as soon as possible after the surgery; however, there is still 
controversy regarding the appropriate duration of antibiotic coverage in association with both 
elective procedures and procedures for traumatic injuries. Anecdotal clinical and basic-science 
86 evidence supports the use of local antibiotics for patients with an open fracture; however, a 
large prospective randomized trial is needed to better delineate the clinical role of antibiotic-
impregnated beads in this subset of skeletal injuries. 
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Table II Recommendations for Perioperative Administration of 
Antibiotics 3  

 

Preoperative Hair Removal  



Preoperative shaving of the surgical site is common practice, but there is a scarcity of data to 
support its use. Several authors have denounced shaving on the night before the operation 
because of an increased risk of surgical site infection as a result of many microscopic cuts in the 
epidermis, which harbor bacteria 87. Clippers do not come into contact with the skin itself and 
have been associated with a reduction in postoperative infection rates 88–90. A meta-analysis by 
the Cochrane group showed that the relative risk of a surgical site infection following hair 
removal with a razor was significantly higher than that following hair removal with clippers 
(relative risk, 2.02; 95% confidence interval, 1.21 to 3.36)91. Furthermore, the analysis showed 
no difference in the rate of postoperative infections between procedures preceded by hair 
removal and those performed without hair removal. Whenever hair is removed, clippers, rather 
than a razor, should be used at the time of surgery (Table III)92. 
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Table III Recommendations for Patient Preparation and Surgical 
Scrubs  

 

Preoperative Skin Antisepsis  
Patients  

The most commonly used antiseptic agents for surgical scrubbing include chlorhexidine 
gluconate, alcohol-based solutions, and iodophors such as povidone-iodine. Chlorhexidine 
gluconate acts to disrupt the cellular membranes of bacteria and is favored for its long-lasting 
activity against gram-positive and gram-negative organisms found on human skin. The iodophors 
also act against common skin flora; however, their activity is much shorter than that of 
chlorhexidine gluconate. Chlorhexidine gluconate and povidone-iodine both reduce bacterial 
counts on contact; however, this effect is sustained longer in skin cleaned with chlorhexidine. 
Furthermore, unlike chlorhexidine gluconate, the iodophors can be inactivated by blood or serum 
proteins and should be allowed to dry in order to maximize their antimicrobial action 93. Alcohol 
is an excellent antimicrobial and has germicidal activity against bacteria, fungi, and viruses. The 
effectiveness of pure alcohol solutions is limited by their lack of any residual activity and their 



flammability (see Appendix). A recent meta-analysis showed no difference in efficacy among 
skin antiseptics used in clean surgery; however, the rarity of infection in such situations probably 
explains the low power of the included studies 94. 

Foot and ankle surgery is often complicated by infection due to local contamination 95,96. 
Infection rates associated with ankle arthrodesis have been as high as 19%97, whereas fusion of 
the subtalar joint is followed by an infection approximately 6% of the time 95,98. Between 36% 
and 80% of cultures of specimens taken from the forefoot after preparation with a povidone-
iodine scrub and paint are positive compared with 0% to 28% of cultures of specimens taken 
from the anterior aspect of the ankle after such preparation 99,100. Ostrander et al. found fewer 
bacteria on feet prepared with ChloraPrep (2% chlorhexidine gluconate and 70% isopropyl 
alcohol; Medi-Flex, Overland Park, Kansas) than on those prepared with DuraPrep (0.7% iodin 
and 74% isopropyl alcohol; 3M Healthcare, St. Paul, Minnesota) or Techni-Care (3.0% 
chloroxylenol; Care-Tech Laboratories, St. Louis, Missouri)101. There was no difference in 
infection rates among the three groups. Keblish et al. quantitatively assessed skin contamination 
on feet cleaned with one of four methods: a povidone-iodine paint and scrub, a povidone-iodine 
paint and scrub after an isopropyl alcohol scrub, povidone-iodine scrub brushing, and isopropyl 
alcohol scrub brushing 100. There were significantly fewer positive cultures of specimens from 
hallucal folds of the feet prepared with the isopropyl alcohol scrub brushing (12% compared with 
76% for the group prepared with povidone-iodine scrub brushing, p < 0.001). The use of a brush 
to apply the cleansing agent was also superior to the use of a standard applicator in reducing the 
number of positive cultures of specimens from web spaces. 

In vitro studies have provided strong evidence that povidone-iodine may impair wound-healing. 
Cooper et al. evaluated the toxicity of common wound irrigants with use of a proven cell-
viability assay and found povidone-iodine, even in concentrations of 0.5% (1/20th) of those used 
in clinical practice, to be extremely toxic to fibroblasts and keratinocytes 102. Thus, povidone-
iodine should not be used for preparation of open wounds or on postoperative dressings 103. 

The current literature strongly suggests that chlorhexidine gluconate is superior to povidone-
iodine for preoperative antisepsis for patients (Table III). Alcohol is an excellent antimicrobial, 
but its benefit is limited by its lack of residual activity. Use of a combination of chlorhexidine 
gluconate and alcohol is perhaps a way to take advantage of their antiseptic properties. 

Surgeon  



The current choices of antiseptic for the surgeon scrub mimic those used for the patient scrub. 
Aly and Maibach compared the antibacterial efficacy of a two-minute scrub with chlorhexidine 
gluconate with the efficacy of a two-minute scrub with povidone-iodine at three time-points: 
immediately after scrubbing, three hours later, and six hours later 93. Chlorhexidine gluconate 
achieved significantly (p < 0.01) greater adjusted mean log bacterial count reductions than did 
povidone-iodine at all sampling times. 

Parienti et al. compared the effectiveness of aqueous alcohol hand-rubs with that of traditional 
povidone-iodine or chlorhexidine gluconate scrubbing with a scrub brush before 4387 clean or 
clean-contaminated operations 104. There was no difference in wound infection rates (2.44% for 
the alcohol group compared with 2.48% for the povidone-iodine or chlorhexidine gluconate 
group), but physician compliance with the alcohol protocol was better than that with the other 
protocol (44% compared with 28%; p = 0.008), and there were fewer complaints about skin 
dryness and irritation. These clinical findings were substantiated by Bryce et al.105. Larson et al. 
also compared an alcohol rub with an antiseptic scrub in their study of twenty-five physicians 
106. Beginning on day 5 of the study, the bacterial counts yielded by the scrubless preparation 
(containing 61% ethyl alcohol, 1% chlorhexidine gluconate, and emollients) were found to be 
significantly decreased compared with those yielded by the traditional scrub containing 4% 
chlorhexidine gluconate. The alcohol rub also decreased skin damage (p = 0.002) and required 
less time (p < 0.0001) than the traditional chlorhexidine gluconate scrub. Pereira et al. also 
showed that prolonged use of alcohol and chlorhexidine gluconate rubs had better antibacterial 
efficacy than both traditional povidone-iodine and traditional chlorhexidine gluconate scrubbing 
regimens 107. 

Grabsch et al. compared the traditional povidone-iodine scrub with a regimen that involved a 
traditional chlorhexidine gluconate scrub plus a chlorhexidine gluconate-alcohol rub 108. The 
authors reported that bacterial counts immediately after scrubbing were reduced to a greater 
extent in the chlorhexidine gluconate treatment arm than in the povidone-iodine treatment arm (p 
< 0.001), a finding most likely due to the additional rapid action of alcohol in the chlorhexidine 
gluconate protocol. A persistent and cumulative antimicrobial effect was also found with a 
repeated chlorhexidine gluconate-alcohol rub prior to any additional operations (p < 0.001). A 
cross-over trial conducted by Nishimura directly compared povidone iodine-ethanol and 
chlorhexidine gluconate-ethanol brushless scrubs after an initial povidone-iodine brushless scrub 
109. The reduction in the bacterial count in the povidone iodine-ethanol group was significantly 
higher than that in the chlorhexidine gluconate-ethanol group immediately after washing (p < 
0.001), but it was roughly equivalent two hours later. This finding illustrates the more rapid 



antiseptic effects of povidone-iodine and/or the longer-lasting effects of chlorhexidine gluconate. 
Most data indicate that povidone-iodine and chlorhexidine gluconate have equal efficacy in 
decreasing the initial bacterial contamination of the skin of a patient or surgeon, but 
chlorhexidine gluconate has a longer effect, is less toxic in open wounds, and causes less skin 
irritation with prolonged use (see Appendix)106–108. 

Chlorhexidine gluconate-based surgical scrubs decrease skin colony counts. Traditional scrub 
brushes or combination aqueous alcohol rubs are equally efficacious. Physicians' compliance 
with the use of aqueous rubs may be better than their compliance with regimens requiring the use 
of scrub brushes (Table III). 

Occlusive Drapes  

Ioban iodophor-impregnated plastic drapes (3M Health Care) have been shown in the critical 
care and obstetrical literature to reduce postoperative wound contamination as measured by 
positive cultures of specimens obtained from the skin 110,111. The orthopaedic literature 
pertaining to iodophor-impregnated drapes has shown a reduction in wound contamination 
without any concurrent decrease in wound infection. Ritter and Campbell found no difference in 
wound infection rates following 649 total joint replacements for which preparation was 
performed with either an iodine spray or a combination of alcohol and an Ioban drape 112. In a 
recent randomized controlled trial, Jacobson et al. evaluated the use of an Ioban drape in 
conjunction with either 3M DuraPrep Surgical Solution or povidone-iodine scrub and found no 
significant difference in wound contamination between the two groups 113. The use of 
impregnated plastic drapes does not appear to reduce the prevalence of infection (Table III). 

Irrigation  

Wound irrigation removes debris, foreign material, and blood clots while decreasing bacterial 
contamination. Several in vitro and in vivo studies have shown that high-pressure pulsatile 
lavage is more effective than low-pressure pulsatile lavage for removing particulate matter, 
bacteria, and necrotic tissue. This effect is more pronounced in contaminated wounds treated in a 
delayed manner 114–117. There is substantial concern, however, that high-pressure pulsatile 
lavage and low-pressure pulsatile lavage result in higher rates of deep bacterial seeding in bone 
than does brush and bulb-syringe lavage and that higher irrigant pressures result in greater 
osseous damage and perhaps impairment of osseous healing. Kalteis et al. showed that high-
pressure pulsatile lavage was superior to low-pressure pulsatile lavage and manual rinsing and 
was as effective as brush cleaning in removing Escherichia coli from human femoral heads in 



vitro 118. The study also revealed that, compared with brush and bulb-syringe lavage, high and 
low-pressure pulsatile lavage resulted in significantly (p < 0.001) higher rates of deep bacterial 
seeding in bone. Using an in vitro contaminated human tibial fracture model, Bhandari et al. also 
showed that high-pressure pulsatile lavage results in bacterial seeding of the medullary canal 
119. High-pressure pulsatile lavage successfully removed almost 99% of the bacterial burden at 
the fracture surface; however, there was a higher number of positive bacterial cultures of 
specimens obtained between 1 and 4 cm from the fracture site than there were in nonirrigated 
controls (p < 0.01). 

Similar bacterial seeding may be seen in muscle tissue after pulsatile irrigation. Hassinger et al. 
showed that ovine muscle samples subjected to high-pressure pulsatile lavage had a significantly 
greater depth of bacterial penetration and greater numbers of colonizing bacteria when compared 
with samples subjected to low-pressure pulsatile lavage (p < 0.05)120. Bhandari et al. found that 
both high and low-pressure pulsatile lavage removed bacteria for up to three hours after the 
initial contamination; however, high-pressure pulsatile lavage was more effective after this time 
(p < 0.05)121. High-pressure pulsatile lavage was also shown to increase muscle damage and 
decrease particulate removal when it was compared with bulb-suction irrigation in vitro 122. 

Recent studies have suggested that high-pressure pulsatile lavage may also damage the 
architecture of cancellous bone. Dirschl et al. found that high-pressure irrigation of osteotomized 
rabbit femora decreased the amount of new bone formation during the first week following a 
distal femoral osteotomy compared with that seen after bulb-syringe irrigation 123. This 
difference became negligible during the second week after the osteotomy. In a rat model, high-
pressure pulsatile lavage decreased the mechanical strength of a fracture callus during the first 
three weeks of fracture-healing compared with that observed following bulb-syringe irrigation (p 
< 0.05)124. 

Previous reviews have suggested that high-pressure pulsatile lavage should perhaps be reserved 
for severely contaminated wounds or for open injuries for which treatment will be delayed. Low-
pressure irrigation should be used if contamination is minimal or treatment is immediate. 
Although Anglen suggested the use of 3 L of irrigation fluid for type-I open fractures, 6 L for 
type-II, and 9 L for type-III 125, these recommendations have not been supported by clinical 
data. 

Recent studies comparing the efficacy of antibiotic solutions with that of detergent irrigants have 
made a strong case for the incorporation of detergents in wound irrigation. Detergents such as 



castile soap or benzalkonium chloride are effective in decreasing the burden of bacteria in 
musculoskeletal wounds because of their surface-active properties. The detergents act by 
disrupting hydrophobic and electrostatic forces, thereby inhibiting the ability of bacteria to bind 
to soft tissue and bone. In an in vitro study by Anglen et al., castile soap was superior to 
antibiotic-containing irrigants and normal saline solution when it came to removing bacteria 
from steel, titanium, muscle, and bone 126. In vivo rat studies have shown that castile soap is 
very effective in preventing Pseudomonas aeruginosa infection, and benzalkonium chloride was 
most effective against Staphylococcus aureus127 Wounds irrigated with benzalkonium chloride 
alone have a higher risk of dehiscence and breakdown. This led to the development of a 
sequential irrigation protocol involving castile soap, saline solution, benzalkonium chloride, and 
a final saline solution rinse, which was more effective than saline solution irrigation without the 
complications of wound breakdown seen with benzalkonium chloride alone 128. Anglen 
conducted a prospective, randomized study of 458 lower-extremity open fractures in which he 
compared castile soap irrigation with bacitracin irrigation 129. There was no significant 
difference between groups with respect to the rate of surgical site infection or bone-healing 
delay, but the fractures irrigated with bacitracin were associated with a significantly higher rate 
of wound-healing problems (9.5%, nineteen of 199 fractures) than were those irrigated with 
castile soap (4%, eight of 199 fractures; p = 0.03). 

Irrigation of wounds and, in particular, open fractures plays an important role in the reduction of 
infection (Table IV). Use of a low-to-intermediate pressure setting minimizes bone and soft-
tissue damage while allowing removal of bacteria and particulate matter. Irrigation with castile 
soap improves organic removal and may be associated with fewer problems with wound-healing 
when compared with irrigation with antibiotic solution. 
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Table IV Recommendations Regarding Surgical Drains and 
Wound Management  

 

Postoperative Drains  



Drains have traditionally been used in an attempt to decrease the formation of a postoperative 
hematoma and manage dead space while providing a conduit for the egress of material from the 
wound. Studies of animals have shown more retrograde bacterial migration with the use of 
simple conduit drains than with the use of closed suction drains 130. Sorensen and Sorensen 
evaluated 489 clean orthopaedic procedures, including those performed for hip fractures and hip 
and knee arthroplasties, in a prospective cohort study 131. Fifty-six drain tips (11%) were found 
to be contaminated as evidenced by a positive culture; however, only five patients (1%) were 
infected by the same bacteria as had grown on culture of the tip specimen. Contaminated drain 
tips are associated with wound infections, whereas a negative tip-specimen culture is very rarely 
seen in the presence of wound infection 132. Drinkwater and Neil placed drains in ninety-two 
patients undergoing hip or knee arthroplasty and removed them at randomly generated times 
during the first ninety-six hours postoperatively 133. Only one contaminated drainage tip was 
found when the drain was removed in the first twenty-four hours postoperatively. Five (18%) of 
twenty-eight tips removed after twenty-four hours were found to be contaminated when a culture 
was performed, although the difference was not significant. In a retrospective analysis of more 
than 73,000 surgical patients with a wound infection, the presence of a surgical drain for more 
than twenty-four hours was associated with a higher likelihood that the wound would be infected 
with methicillin-resistant Staphylococcus aureus than with methicillin-sensitive Staphylococcus 
aureus134 

The current orthopaedic literature has not shown an advantage to the use of drains in elective 
surgery. In a recent meta-analysis, Parker et al. evaluated the use of drains in 3689 joint-
replacement surgical wounds 135. The data showed no difference in rates of infection, wound 
hematomas, reoperations for wound complications, limb swelling, or thromboembolic 
complications and no difference in the hospital stay. Wound drainage was associated with a 
higher risk of transfusion (relative risk, 1.43). Two subsequent studies in the arthroplasty 
literature showed no benefit of the use of drainage in joint replacement 136,137. 

The use of drains in fracture surgery has not been well evaluated. Two randomized controlled 
trials in which surgical drainage was compared with closure without a drain in clean orthopaedic 
procedures for traumatic injuries showed that drainage provided no benefit with respect to rates 
of infection, hematomas, transfusion, or revision surgery 138,139. Two randomized studies also 
failed to show that the use of surgical drainage in elective lumbar spinal surgery reduced the rate 
of complications, including the formation of epidural hematomas or the development of a 
neurologic deficit 140,141. In summary, Grade-A recommendations support the performance of 
operations without the use of a surgical drain. There is no evidence to suggest that use of a 



surgical drain prevents formation of a hematoma, infection, or wound dehiscence or influences 
other surgical outcomes (Table IV and Appendix). 

Wound Closure  

The literature on wound closure in orthopaedic procedures is sparse and primarily discusses its 
impact on the results of joint replacement surgery and arthroscopy portals. Comparative studies 
have involved subjective analysis of the appearance of the healed wound, inflammation, and 
patient satisfaction. The data are insufficient to make recommendations (Grade I) regarding 
appropriate wound-closure techniques (Table IV). The principle of maximizing blood flow while 
minimizing bacterial contamination and dead space has been studied. In a study in which laser 
Doppler flowmetry was used to evaluate cutaneous blood flow in association with various suture 
techniques, blood flow was significantly higher on the first postoperative day than it was on the 
fifth day and perfusion in wounds closed with subcutaneous sutures was greater than that in 
wounds closed with mattress sutures or surgical staples (p = 0.048)142. 

Contaminated wounds are associated with a higher risk of wound infection. Bacterial adherence 
to braided sutures is three to ten times higher than adherence to monofilament sutures 143,144. 
Animal models have been used to evaluate closure of contaminated wounds 145. Polglase and 
Nayman examined the use of subcuticular Dexon or transdermal sutures in contaminated wounds 
in an animal model 146. Using the presence of pus as the sole criterion for wound infection, they 
found that 73% of wounds that had been contaminated prior to closure with silk were infected at 
one week in comparison with 23% of wounds that had been closed with subcuticular Dexon 
sutures (p < 0.05). 

The correct management of surgical dead space, particularly in the setting of gross contamination 
or infection, is controversial. Condie and Ferguson found that layered closure improved healing 
of contaminated abdominal wounds in a dog model 147. In contrast, de Holl et al. found an 
increased rate of infection after dead space closure in an animal model 148. A meta-analysis of 
875 patients was done to assess dead space wound closure after cesarean delivery; it 
demonstrated 34% fewer wound complications with use of a layered closure, compared with the 
rate associated with closure of the skin only, when >2 cm of subcutaneous adipose tissue was 
present 149. 

The proper management of dead space in orthopaedic patients has not been clearly defined. 
Proper removal of infected or necrotic tissue, thorough irrigation, and appropriate antibiotic 
treatment improve wound-healing. There is evidence that subcuticular wound closure with 



monofilament sutur minimizes tissue ischemia and is associated with decreased bacterial 
contamination. 

Surgical Dressing and Wound Care  

Wound dressings assist with healing by acting as a physical barrier to bacteria, immobilizing or 
splinting the wound to protect it from subsequent injury, helping with hemostasis (i.e., pressure 
dressings), reducing dead space, and minimizing pain. Multiple studies have shown that, with the 
use of occlusive dressings, both re-epithelialization and subsequent collagen synthesis are two to 
six times faster than they are in wounds exposed to air 150–154. On a cellular level, dressings 
assist wound-healing by creating a hypoxic wound environment wherein fibroblasts proliferate 
and angiogenesis occurs more rapidly. The host's defenses are thought to be improved under an 
occlusive dressing, and the creation of this hypoxic, acidic environment is thought to slow the 
growth of normal skin pathogens. Dressings act as a physical barrier to reduce the migration of 
bacteria into the wound 150. Hutchinson and McGuckin, in a systematic review of 111 studies, 
found that the rate of infection under occlusive dressings was lower than that under nonocclusive 
dressings (2.6% compared with 7.1%)155. Studies comparing nonbiologic occlusive dressings 
have suggested that, although their physical characteristics differ, there does not appear to be any 
clear benefit of one occlusive dressing over another. In a recent review of open and occlusive 
dressings, the authors recommended that surgical wounds be covered with a three-layer dressing 
156. The first layer, placed directly on the wound, should be a non-adhering, hydrophilic 
dressing such as Adaptic (Johnson and Johnson, New Brunswick, New Jersey) or Xeroform 
(Sherwood Medical Industries, Markham, Ontario, Canada). An absorptive layer (i.e., gauze) 
would be placed on the first layer. The third layer would be an occlusive material to adhere the 
dressing to the skin. 

The proper timing of dressing removal is also controversial. Studies of clean and clean-
contaminated wounds showed no difference in infection rates according to whether the dressing 
was removed on the first postoperative day or at the time of suture removal 157,158. After the 
dressing is removed, the wound may be cleaned with tap water or saline solution, but antiseptics 
such as hydrogen peroxide should be avoided. Showering may commence after wound 
epithelialization without an increased risk of infection 150. 

A variety of creams, ointments, and solutions have been advocated as means of propagating 
wound epithelialization. Cooper et al. evaluated the toxicity of several antimicrobial agents and 
found povidone-iodine to be significantly more toxic to fibroblasts than other agents (p < 



0.05)102. Kramer showed a detrimental effect of povidone-iodine on wound-healing 103. Triple 
antibiotic ointment was shown to increase re-epithelialization by 25% in an animal model 159. In 
a prospective, randomized, controlled trial evaluating 426 uncomplicated wounds, the infection 
rates in the groups treated with bacitracin ointment (six of 109, 5.5%) or triple antibiotic 
ointment (five of 110, 4.5%) were lower than those in the groups treated with silver sulfadiazine 
(twelve of ninety-nine, 12.1%) or petroleum (nineteen of 108, 17.6%) (p = 0.0034)160. Broad-
spectrum ointments provide occlusion and increase epithelialization while the wound heals. 

The majority of evidence-based reports on wound dressings have been published in the plastic 
surgery and dermatology literature. Current recommendations for the management of uninfected 
surgical wounds include the use of a three-layered surgical dressing. The use of a triple antibiotic 
ointment can be followed by application of a nonadherent, hydrophilic layer. The second layer 
should be absorptive, and the final layer should be occlusive to contain the underlying 
physiologic milieu. The dressing may be removed as early as the first postoperative day, and the 
wound may be gently cleaned with water or saline solution (Table IV). 

Operating Room  

One area of infection prevention that is often overlooked is the operating room itself. Several 
studies have shown that improvements in airflow and ultraviolet lighting reduce not only 
bacterial counts but also rates of surgical site infection. A cohort study by Knobben et al.161 
demonstrated that, compared with use of conventional airflow systems, use of a laminar-flow 
operating theater significantly decreased the rates of bacterial wound contamination (p = 0.001), 
prolonged wound discharge (p = 0.002), and superficial infection of the surgical site (p = 0.004). 
A retrospective study by Gruenberg et al. showed that conducting spinal fusions in vertical 
laminar-flow operating rooms dramatically reduced the rate of wound infections (zero of forty 
patients) compared with that following procedures conducted in conventionally ventilated 
operating rooms (eighteen [13%] of 139 patients, p < 0.017)162. Hansen et al. sampled operative 
fields in laminar-flow rooms and found them to be, on the average, twenty times less 
contaminated than operative fields in comparable rooms without laminar flow (Table III)163. 

The use of ultraviolet light as a means of reducing the airborne bacterial burden and possibly the 
rate of wound infections has also been studied. Multiple basic-science studies have shown that 
ultraviolet light decreases the numbers of colony-forming units 164,165. Berg et al. found 
ultraviolet light to be even more effective than a laminar-flow ventilation system in decreasing 



airborne bacterial load 166,167. Modern high-volume exchange in operating rooms has resulted 
in equivalent levels of colony-forming units and decreased the benefit of ultraviolet light. 

We are not aware of any Level-I clinical data on operating-room issues of clothing type, body 
exhaust, number of personnel, and conversation in operating rooms. Several well-performed 
basic-science studies have demonstrated increases in colony-forming units in operating rooms, 
which might be extrapolated as increasing the risk of deep infection. Critical wound 
contamination most likely results from airborne bacteria or residual bacteria on the skin after 
cleaning. The greatest source of airborne bacteria is the operating-room personnel, with ears and 
beards being the two areas most likely to shed bacteria 168. Bethune et al. found that men shed a 
greater number of bacteria per minute than postmenopausal women, and premenopausal women 
shed even fewer bacteria 169. The number of bacteria shed by operating-room personnel can be 
decreased by using air exhaust systems or completely covering ears and beards 168. If operating-
room-personnel exhaust systems are not feasible, the dress of the personnel can influence the 
number of colony-forming units grown on culture of specimens obtained in operating rooms. The 
use of wraparound gowns and synthetic gowns decreases the number of colony-forming units 
compared with that associated with the use of cotton gowns or operating-room clothing 170. 
Blom et al. recommended the use of nonwoven disposable drapes or woven drapes with an 
impermeable layer below them for surgical draping 171. Ritter indicated that the average number 
of colony-forming units in an operating room was increased from 13.4 to 24.8 when the doors 
were left open and that intermittent opening of doors did not significantly decrease the number of 
colony-forming units compared with that measured when the doors were left open 172. Implants 
have also been shown to be associated with a higher rate of positive cultures if left outside their 
packaging in the operating room for more than two hours 173. 

In addition to the above prophylactic measures, there is excellent evidence that surgical site 
infection can be decreased by close control of perioperative glucose levels, especially in patients 
with diabetes 174–179; by maximizing patient oxygenation in the first twenty-four hours 
perioperatively 180–183; and by maintaining patient normothermia in the perioperative period 
(Table III)184. Forty-four hospitals reported data on more than 35,000 patients during a trial to 
maximize control of glucose, oxygenation, and normothermia in the postoperative setting. Over 
the course of the study, the infection rate decreased 27%, from 2.3% to 1.7%. Thus, a surgical 
infection occurred in 200 fewer patients in these hospitals. 

Overview  



There are significant data that can help surgeons to decrease the risk of perioperative surgical site 
infections. We reviewed the best available literature and made recommendations in an attempt to 
help orthopaedic surgeons to minimize surgical site infections in their patients. 

Appendix  

Symbol Tables listing important evidence-based articles on preoperative antibiotics, surgical 
scrubs, and use of surgical drains; a table presenting the Gustilo and Anderson classification 
system for open fractures; and a table listing the activities of antiseptic agents are available with 
the electronic versions of this article, on our web site at jbjs.org (go to the article citation and 
click on “Supplementary Material”) and on our quarterly CD-ROM (call our subscription 
department, at 781-449-9780, to order the CD-ROM). [Context Link] 

 
 

 
[Help with image viewing]  
[Email Jumpstart To Image] 

Symbol. No caption available. 

 

References  

1. Leape LL, Brennan TA, Laird N, Lawthers AG, Localio AR, Barnes BA, Hebert L, Newhouse 
JP, Weiler PC, Hiatt H. The nature of adverse events in hospitalized patients. Results of the 
Harvard Medical Practice Study II. N Engl J Med. 1991;324:377–84. [Context Link] 

2. Bratzler DW, Houck PM. Antimicrobial prophylaxis for surgery: an advisory statement from 
the National Surgical Infection Prevention Project. Clin Infect Dis. 2004;38:1706–15. [Context 
Link] 

3. Wright JG, Einhorn TA, Heckman JD. Grades of recommendation. J Bone Joint Surg Am. 
2005;87:1909–10. [Context Link] 

4. Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of evidence to the journal. J 
Bone Joint Surg Am. 2003;85:1–3. [Context Link] 

5. Bhandari M, Swiontkowski MF, Einhorn TA, Tornetta P 3rd, Schemitsch EH, Leece P, 
Sprague S, Wright JG. Interobserver agreement in the application of levels of evidence to 
scientific papers in the American volume of the Journal of Bone and Joint Surgery. J Bone Joint 
Surg Am. 2004;86:1717–20. [Context Link] 



6. Obremskey WT, Pappas N, Attallah-Wasif E, Tornetta P 3rd, Bhandari M. Level of evidence 
in orthopaedic journals. J Bone Joint Surg Am. 2005;87:2632–8. [Context Link] 

7. Gurkan I, Wenz JF. Perioperative infection control: an update for patient safety in orthopedic 
surgery. Orthopedics. 2006;29:329–41. [Context Link] 

8. Ericson C, Lidgren L, Lindberg L. Cloxacillin in the prophylaxis of postoperative infections of 
the hip. J Bone Joint Surg Am. 1973;55:808–13,843. [Context Link] 

9. Boyd RJ, Burke JF, Colton T. A double-blind clinical trial of prophylactic antibiotics in hip 
fractures. J Bone Joint Surg Am. 1973;55:1251–8. [Context Link] 

10. Burnett JW, Gustilo RB, Williams DN, Kind AC. Prophylactic antibiotics in hip fractures. A 
double-blind, prospective study. J Bone Joint Surg Am. 1980;62:457–62. [Context Link] 

11. Carlsson AK, Lidgren L, Lindberg L. Prophylactic antibiotics against early and late deep 
infections after total hip replacements. Acta Orthop Scand. 1977;48:405–10. [Context Link] 

12. Hill C, Flamant R, Mazas F, Evrard J. Prophylactic cefazolin versus placebo in total hip 
replacement. Report of a multicentre double-blind randomised trial. Lancet. 1981;1:795–6. 
Bibliographic Links [Context Link] 

13. Pavel A, Smith RL, Ballard A, Larsen IJ. Prophylactic antibiotics in clean orthopaedic 
surgery. J Bone Joint Surg Am. 1974;56:777–82. [Context Link] 

14. Boxma H, Broekhuizen T, Patka P, Oosting H. Randomised controlled trial of single-dose 
antibiotic prophylaxis in surgical treatment of closed fractures: the Dutch Trauma Trial. Lancet. 
1996;347:1133–7. [Context Link] 

15. Gatell JM, Riba J, Lozano ML, Mana J, Ramon R, Garcia SanMiguel J. Prophylactic 
cefamandole in orthopaedic surgery. J Bone Joint Surg Am. 1984;66:1219–22. [Context Link] 

16. Gillespie WJ, Walenkamp G. Antibiotic prophylaxis for surgery for proximal femoral and 
other closed long bone fractures. Cochrane Database Syst Rev. 2000;2:CD000244. [Context 
Link] 

17. Patzakis MJ, Harvey JP Jr, Ivler D. The role of antibiotics in the management of open 
fractures. J Bone Joint Surg Am. 1974;56:532–41. [Context Link] 

18. Patzakis MJ, Wilkins J. Factors influencing infection rate in open fracture wounds. Clin 
Orthop Relat Res. 1989;243:36–40. [Context Link] 

19. Gosselin RA, Roberts I, Gillespie WJ. Antibiotics for preventing infection in open limb 
fractures. Cochrane Database Syst Rev. 2004;1:CD003764. [Context Link] 



20. Periti P, Mini E, Mosconi G. Antimicrobial prophylaxis in orthopaedic surgery: the role of 
teicoplanin. J Antimicrob Chemother. 1998;41:329–40. [Context Link] 

21. Strausbaugh LJ, Crossley KB, Nurse BA, Thrupp LD. Antimicrobial resistance in long-term-
care facilities. Infect Control Hosp Epidemiol. 1996;17:129–40. [Context Link] 

22. Page CP, Bohnen JM, Fletcher JR, McManus AT, Solomkin JS, Wittmann DH. 
Antimicrobial prophylaxis for surgical wounds. Guidelines for clinical care. Arch Surg. 
1993;128:79–88. [Context Link] 

23. Mauerhan DR, Nelson CL, Smith DL, Fitzgerald RH Jr, Slama TG, Petty RW, Jones RE, 
Evans RP. Prophylaxis against infection in total joint arthroplasty. One day of cefuroxime 
compared with three days of cefazolin. J Bone Joint Surg Am. 1994;76:39–45. [Context Link] 

24. Patzakis MJ, Wilkins J, Kumar J, Holtom P, Greenbaum B, Ressler R. Comparison of the 
results of bacterial cultures from multiple sites in chronic osteomyelitis of long bones. A 
prospective study. J Bone Joint Surg Am. 1994;76:664–6. [Context Link] 

25. Gilbert DN, Moellering RC Jr, Sande MA. The Sanford guide to antimicrobial therapy. 35th 
ed. Hyde Park, VT: Antimicrobial Therapy; 2005. p 125. [Context Link] 

26. Dellinger EP, Gross PA, Barrett TL, Krause PJ, Martone WJ, McGowan JE Jr, Sweet RL, 
Wenzel RP. Quality standard for antimicrobial prophylaxis in surgical procedures. Infectious 
Diseases Society of America. Clin Infect Dis. 1994;18:422–7. [Context Link] 

27. ASHP therapeutic guidelines on antimicrobial prophylaxis in surgery. American Society of 
Health-System Pharmacists. Am J Health Syst Pharm. 1999;56:1839–88. [Context Link] 

28. Hauser CJ, Adams CA Jr, Eachempati SR; Council of the Surgical Infection Society. 
Surgical Infection Society guideline: prophylactic antibiotic use in open fractures: an evidence-
based guideline. Surg Infect (Larchmt). 2006;7:379–405. [Context Link] 

29. Luchette FA, Bone LB, Born CT, DeLong WG Jr, Hoff WS, Mullins D, Palumbo F, Pasquale 
MD. EAST practice management guidelines work group: practice management guidelines for 
prophylactic antibiotic use in open fractures. http://www.east.org/tpg/openfrac.pdf . Accessed 
2007 May 16. [Context Link] 

30. Gustilo RB, Anderson JT. Prevention of infection in the treatment of one thousand and 
twenty-five open fractures of long bones: retrospective and prospective analyses. J Bone Joint 
Surg Am. 1976;58:453–8. [Context Link] 

31. Gustilo RB, Mendoza RM, Williams DN. Problems in the management of type III (severe) 
open fractures: a new classification of type III open fractures. J Trauma. 1984;24:742–6. 
[Context Link] 



32. Chapman MW. The role of intramedullary fixation in open fractures. Clin Orthop Relat Res. 
1986;212:26–34. [Context Link] 

33. Olson SA, Willis MC. Initial management of open fractures. In: Bucholz RW, Heckman JD, 
Court-Brown CM, editors. Rockwood and Green's fractures in adults. Vol 2. 6th ed. 
Philadelphia: Lippincott Williams and Wilkins; 2006. p 399. [Context Link] 

34. Lee J. Efficacy of cultures in the management of open fractures. Clin Orthop Relat Res. 
1997;339:71–5. [Context Link] 

35. Kreder HJ, Armstrong P. The significance of perioperative cultures in open pediatric lower-
extremity fractures. Clin Orthop Relat Res. 1994;302:206–12. [Context Link] 

36. Valenziano CP, Chattar-Cora D, O'Neill A, Hubli EH, Cudjoe EA. Efficacy of primary 
wound cultures in long bone open extremity fractures: are they of any value? Arch Orthop 
Trauma Surg. 2002;122:259–61. [Context Link] 

37. Russell GV Jr, King C, May CG, Pearsall AW 4th. Once daily high-dose gentamicin to 
prevent infection in open fractures of the tibial shaft: a preliminary investigation. South Med J. 
2001;94:1185–91. [Context Link] 

38. Sorger JI, Kirk PG, Ruhnke CJ, Bjornson SH, Levy MS, Cockrin J, Tang P. Once daily, high 
dose versus divided, low dose gentamicin for open fractures. Clin Orthop Relat Res. 
1999;366:197–204. [Context Link] 

39. Stevens DL, Laine BM, Mitten JE. Comparison of single and combination antimicrobial 
agents for prevention of experimental gas gangrene caused by Clostridium perfringens. 
Antimicrob Agents Chemother. 1987;31:312–6. [Context Link] 

40. Stevens DL, Maier KA, Mitten JE. Effect of antibiotics on toxin production and viability of 
Clostridium perfringens. Antimicrob Agents Chemother. 1987;31:213–8. [Context Link] 

41. Stevens DL, Maier KA, Laine BM, Mitten JE. Comparison of clindamycin, rifampin, 
tetracycline, metronidazole, and penicillin for efficacy in prevention of experimental gas 
gangrene due to Clostridium perfringens. J Infect Dis. 1987;155:220–8. [Context Link] 

42. Gruchalla RS, Pirmohamed M. Clinical practice. Antibiotic allergy. N Engl J Med. 
2006;354:601–9. [Context Link] 

43. Kelkar PS, Li JT. Cephalosporin allergy. N Engl J Med. 2001;345:804–9. [Context Link] 

44. Li JT, Markus PJ, Osmon DR, Estes L, Gosselin VA, Hanssen AD. Reduction of vancomycin 
use in orthopedic patients with a history of antibiotic allergy. Mayo Clin Proc. 2000;75:902–6. 
Ovid Full Text Bibliographic Links [Context Link] 

45. Antimicrobial prophylaxis in surgery. Med Lett Drugs Ther. 1999;41:75–9. [Context Link] 



46. Hanssen AD, Osmon DR. The use of prophylactic antimicrobial agents during and after hip 
arthroplasty. Clin Orthop Relat Res. 1999;369:124–38. Ovid Full Text Bibliographic Links 
[Context Link] 

47. Burke JP. Maximizing appropriate antibiotic prophylaxis for surgical patients: an update 
from LDS Hospital, Salt Lake City. Clin Infect Dis. 2001;33 Suppl 2:S78–83. [Context Link] 

48. Burke JF. The effective period of preventive antibiotic action in experimental incisions and 
dermal lesions. Surgery. 1961;50:161–8. [Context Link] 

49. Fukatsu K, Saito H, Matsuda T, Ikeda S, Furukawa S, Muto T. Influences of type and 
duration of antimicrobial prophylaxis on an outbreak of methicillin-resistant Staphylococcus 
aureus and on the incidence of wound infection. Arch Surg. 1997;132:1320–5. [Context Link] 

50. Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL, Burke JP. The timing of 
prophylactic administration of antibiotics and the risk of surgical-wound infection. N Engl J 
Med. 1992;326:281–6. [Context Link] 

51. Auerbach AD. Prevention of surgical site infections. In: Shojania KG, Duncan BW, 
McDonald KM, Wachter RM, editors. Making health care safer: a critical analysis of patient 
safety practices. Evidence report/technology assessment no. 43. AHRQ publication no. 01-E058. 
Rockville, MD: Agency for Healthcare Research and Quality; 20 July 2001. p 221–44. 
http://www.ahrq.gov/clinic/ptsafety/pdf/ptsafety.pdf . Accessed 2007 May 15. [Context Link] 

52. American Academy of Orthopaedic Surgeons. Advisory statement. Recommendations for the 
use of intravenous antibiotic prophylaxis in primary total joint arthroplasty. 
http://www.aaos.org/about/papers/advistmt/1027.asp . Accessed 2007 May 15. [Context Link] 

53. St Jacques P, Sanders N, Patel N, Talbot TR, Deshpande JK, Higgins M. Improving timely 
surgical antibiotic prophylaxis redosing administration using computerized record prompts. Surg 
Infect (Larchmt). 2005;6:215–21. [Context Link] 

54. Fridkin SK, Edwards JR, Courval JM, Hill H, Tenover FC, Lawton R, Gaynes RP, 
McGowan JE Jr; Intensive Care Antimicrobial Resistance Epidemiology (ICARE) Project and 
the National Nosocomial Infections Surveillance (NNIS) System Hospitals. The effect of 
vancomycin and third-generation cephalosporins on prevalence of vancomycin-resistant 
enterococci in 126 U.S. adult intensive care units. Ann Intern Med. 2001;135:175–83. [Context 
Link] 

55. Fridkin SK, Lawton R, Edwards JR, Tenover FC, McGowan JE Jr, Gaynes RP; Intensive 
Care Antimicrobial Resistance Epidemiology Project; National Nosocomial Infections 
Surveillance Systems Hospitals. Monitoring antimicrobial use and resistance: comparison with a 
national benchmark on reducing vancomycin use and vancomycin-resistant enterococci. Emerg 
Infect Dis. 2002;8:702–7. [Context Link] 



56. Bhorade SM, Christenson J, Pohlman AS, Arnow PM, Hall JB. The incidence of and clinical 
variables associated with vancomycin-resistant enterococcal colonization in mechanically 
ventilated patients. Chest. 1999;115:1085–91. [Context Link] 

57. Bhavnani SM, Drake JA, Forrest A, Deinhart JA, Jones RN, Biedenbach DJ, Ballow CH. A 
nationwide, multicenter, case-control study comparing risk factors, treatment, and outcome for 
vancomycin-resistant and -susceptible enterococcal bacteremia. Diagn Microbiol Infect Dis. 
2000;36:145–58. [Context Link] 

58. Centers for Disease Control and Prevention (CDC). Update: Staphylococcus aureus with 
reduced susceptibility to vancomycin-United States, 1997. MMWR Morb Mortal Wkly Rep. 
1997;46:813–5. Bibliographic Links [Context Link] 

59. Vergis EN, Hayden MK, Chow JW, Snydman DR, Zervos MJ, Linden PK, Wagener MM, 
Schmitt B, Muder RR. Determinants of vancomycin resistance and mortality rates in 
enterococcal bacteremia. a prospective multicenter study. Ann Intern Med. 2001;135:484–92. 
[Context Link] 

60. Southorn PA, Plevak DJ, Wright AJ, Wilson WR. Adverse effects of vancomycin 
administered in the perioperative period. Mayo Clin Proc. 1986;61:721–4. [Context Link] 

61. Renz CL, Thurn JD, Finn HA, Lynch JP, Moss J. Antihistamine prophylaxis permits rapid 
vancomycin infusion. Crit Care Med. 1999;27:1732–7. [Context Link] 

62. Clyburn TA. Timing of prophylactic antibiotics in TJA. AAOS Bulletin. 2005;53:13,17. 
[Context Link] 

63. Finkelstein R, Rabino G, Mashiah T, Bar-El Y, Adler Z, Kertzman V, Cohen O, Milo S. 
Vancomycin versus cefazolin prophylaxis for cardiac surgery in the setting of a high prevalence 
of methicillin-resistant staphylococcal infections. J Thorac Cardiovasc Surg. 2002;123:326–32. 
[Context Link] 

64. Vuorisalo S, Pokela R, Syrjala H. Comparison of vancomycin and cefuroxime for infection 
prophylaxis in coronary artery bypass surgery. Infect Control Hosp Epidemiol. 1998;19:234–9. 
[Context Link] 

65. Nelson CL, Green TG, Porter RA, Warren RD. One day versus seven days of preventive 
antibiotic therapy in orthopedic surgery. Clin Orthop Relat Res. 1983;176:258–63. [Context 
Link] 

66. Williams DN, Gustilo RB. The use of preventive antibiotics in orthopaedic surgery. Clin 
Orthop Relat Res. 1984;190:83–8. [Context Link] 

67. Pollard JP, Hughes SP, Scott JE, Evans MJ, Benson MK. Antibiotic prophylaxis in total hip 
replacement. Br Med J. 1979;1:707–9. [Context Link] 



68. Heydemann JS, Nelson CL. Short-term preventive antibiotics. Clin Orthop Relat Res. 
1986;205:184–7. [Context Link] 

69. Garcia S, Lozano ML, Gatell JM, Soriano E, Ramon R, Sanmiguel JG. Prophylaxis against 
infection. Single-dose cefonicid compared with multiple-dose cefamandole. J Bone Joint Surg 
Am. 1991;73:1044–8. [Context Link] 

70. Dellinger EP, Miller SD, Wertz MJ, Grypma M, Droppert B, Anderson PA. Risk of infection 
after open fracture of the arm or leg. Arch Surg. 1988;123:1320–7. [Context Link] 

71. Gagey O, Doyon F, Dellamonica P, Carsenti-Etesse H, Desplaces N, Tancrede C, Evrard J. 
[Infection prophylaxis in open leg fractures. Comparison of a dose of pefloxacin and 5 days of 
cefazolin-oxacillin. A randomized study of 616 cases]. Rev Chir Orthop Reparatrice Appar Mot. 
1999;85:328–36. French. [Context Link] 

72. Rello J, Ausina V, Ricart M, Castella J, Prats G. Impact of previous antimicrobial therapy on 
the etiology and outcome of ventilator-associated pneumonia. Chest. 1993;104:1230–5. [Context 
Link] 

73. Koulenti D, Rello J. Hospital-acquired pneumonia in the 21st century: a review of existing 
treatment options and their impact on patient care. Expert Opin Pharmacother. 2006;7:1555–69. 
[Context Link] 

74. Rello J, Sa-Borges M, Correa H, Leal SR, Baraibar J. Variations in etiology of ventilator-
associated pneumonia across four treatment sites: implications for antimicrobial prescribing 
practices. Am J Respir Crit Care Med. 1999;160:608–13. [Context Link] 

75. Trouillet JL, Chastre J, Vuagnat A, Joly-Guillou ML, Combaux D, Dombret MC, Gibert C. 
Ventilator-associated pneumonia caused by potentially drug-resistant bacteria. Am J Respir Crit 
Care Med. 1998;157:531–9. [Context Link] 

76. Chastre J, Wolff M, Fagon JY, Chevret S, Thomas F, Wermert D, Clementi E, Gonzalez J, 
Jusserand D, Asfar P, Perrin D, Fieux F, Aubas S; PneumA Trial Group. Comparison of 8 vs 15 
days of antibiotic therapy for ventilator-associated pneumonia in adults: a randomized trial. 
JAMA. 2003;290:2588–98. [Context Link] 

77. Zalavras CG, Patzakis MJ, Holtom P. Local antibiotic therapy in the treatment of open 
fractures and osteomyelitis. Clin Orthop Relat Res. 2004:427:86–93. Ovid Full Text 
Bibliographic Links [Context Link] 

78. Seeley SK, Seeley JV, Telehowski P, Martin S, Tavakoli M, Colton SL, Larson B, Forrester 
P, Atkinson PJ. Volume and surface area study of tobramycin-polymethylmethacrylate beads. 
Clin Orthop Relat Res. 2004;420:298–303. [Context Link] 



79. Nelson CL, Griffin FM, Harrison BH, Cooper RE. In vitro elution characteristics of 
commercially and noncommercially prepared antibiotic PMMA beads. Clin Orthop Relat Res. 
1992;284:303–9. [Context Link] 

80. Jiranek WA, Hanssen AD, Greenwald AS. Antibiotic-loaded bone cement for infection 
prophylaxis in total joint replacement. J Bone Joint Surg Am. 2006;88:2487–500. [Context Link] 

81. Henry SL, Ostermann PA, Seligson D. The antibiotic bead pouch technique. The 
management of severe compound fractures. Clin Orthop Relat Res. 1993;295:54–62. [Context 
Link] 

82. Keating JF, Blachut PA, O'Brien PJ, Meek RN, Broekhuyse H. Reamed nailing of open tibial 
fractures: does the antibiotic bead pouch reduce the deep infection rate? J Orthop Trauma. 
1996;10:298–303. [Context Link] 

83. Ostermann PA, Seligson D, Henry SL. Local antibiotic therapy for severe open fractures. A 
review of 1085 consecutive cases. J Bone Joint Surg Br. 1995;77:93–7. [Context Link] 

84. Zalavras CG, Patzakis MJ, Holtom PD, Sherman R. Management of open fractures. Infect 
Dis Clin North Am. 2005;19:915–29. [Context Link] 

85. Moehring HD, Gravel C, Chapman MW, Olson SA. Comparison of antibiotic beads and 
intravenous antibiotics in open fractures. Clin Orthop Relat Res. 2000;372:254–61. [Context 
Link] 

86. Beardmore AA, Brooks DE, Wenke JC, Thomas DB. Effectiveness of local antibiotic 
delivery with an osteoinductive and osteoconductive bone-graft substitute. J Bone Joint Surg 
Am. 2005;87:107–12. Ovid Full Text Bibliographic Links [Context Link] 

87. Briggs M. Principles of closed surgical wound care. Wound Care. 1997;6:288–92. [Context 
Link] 

88. Kaul AF, Jewett JF. Agents and techniques for disinfection of the skin. Surg Gynecol Obstet. 
1981;152:677–85. [Context Link] 

89. Alexander JW, Fischer JE, Boyajian M, Palmquist J, Morris MJ. The influence of hair-
removal methods on wound infections. Arch Surg. 1983;118:347–52. [Context Link] 

90. Balthazar ER, Colt JD, Nichols RL. Preoperative hair removal: a random prospective study 
of shaving versus clipping. South Med J. 1982;75:799–801. [Context Link] 

91. Tanner J, Woodings D, Moncaster K. Preoperative hair removal to reduce surgical site 
infection. Cochrane Database Syst Rev. 2006;2:CD004122. [Context Link] 



92. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for prevention of 
surgical site infection, 1999. Hospital Infection Control Practices Advisory Committee. Infect 
Control Hosp Epidemiol. 1999;20:250–78. [Context Link] 

93. Aly R, Maibach HI. Comparative antibacterial efficacy of a 2-minute surgical scrub with 
chlorhexidine gluconate, povidone-iodine, and chloroxylenol sponge-brushes. Am J Infect 
Control. 1988;16:173–7. [Context Link] 

94. Edwards PS, Lipp A, Holmes A. Preoperative skin antiseptics for preventing surgical wound 
infections after clean surgery. Cochrane Database Syst Rev. 2004;3:CD003949. [Context Link] 

95. Taylor GJ, Bannister GC, Calder S. Perioperative wound infection in elective orthopaedic 
surgery. J Hosp Infect. 1990;16:241–7. [Context Link] 

96. Miller WA. Postoperative wound infection in foot and ankle surgery. Foot Ankle. 
1983;4:102–4. [Context Link] 

97. Helm R. The results of ankle arthrodesis. J Bone Joint Surg Br. 1990;72:141–3. 
Bibliographic Links [Context Link] 

98. Chahal J, Stephen DJ, Bulmer B, Daniels T, Kreder HJ. Factors associated with outcome 
after subtalar arthrodesis. J Orthop Trauma. 2006;20:555–61. [Context Link] 

99. Ostrander RV, Brage ME, Botte MJ. Bacterial skin contamination after surgical preparation 
in foot and ankle surgery. Clin Orthop Relat Res. 2003;406:246–52. [Context Link] 

100. Keblish DJ, Zurakowski D, Wilson MG, Chiodo CP. Preoperative skin preparation of the 
foot and ankle: bristles and alcohol are better. J Bone Joint Surg Am. 2005;87:986–92. Ovid Full 
Text Bibliographic Links [Context Link] 

101. Ostrander RV, Botte MJ, Brage ME. Efficacy of surgical preparation solutions in foot and 
ankle surgery. J Bone Joint Surg Am. 2005;87:980–5. [Context Link] 

102. Cooper ML, Laxer JA, Hansbrough JF. The cytotoxic effects of commonly used topical 
antimicrobial agents on human fibroblasts and keratinocytes. J Trauma. 1991;31:775–84. 
[Context Link] 

103. Kramer SA. Effect of povidone-iodine on wound healing: a review. J Vasc Nurs. 
1999;17:17–23. [Context Link] 

104. Parienti JJ, Thibon P, Heller R, Le Roux Y, von Theobald P, Bensadoun H, Bouvet A, 
Lemarchand F, Le Coutour X; Antisepsie Churgicale des mains Study Group. Hand-rubbing with 
aqueous alcoholic solution vs traditional surgical hand-scrubbing and 30-day surgical site 
infection rates: a randomized equivalence study. JAMA. 2002;288:722–7. [Context Link] 



105. Bryce EA, Spence D, Roberts FJ. An in-use evaluation of an alcohol-based pre-surgical 
hand disinfectant. Infect Control Hosp Epidemiol. 2001;22:635–9. [Context Link] 

106. Larson EL, Butz AM, Gullette DL, Laughon BA. Alcohol for surgical scrubbing? Infect 
Control Hosp Epidemiol. 1990;11:139–43. [Context Link] 

107. Pereira LJ, Lee GM, Wade KJ. An evaluation of five protocols for surgical handwashing in 
relation to skin condition and microbial counts. J Hosp Infect. 1997;36:49–65. [Context Link] 

108. Grabsch EA, Mitchell DJ, Hooper J, Turnidge JD. In-use efficacy of a chlorhexidine in 
alcohol surgical rub: a comparative study. ANZ J Surg. 2004;74:769–72. [Context Link] 

109. Nishimura C. Comparison of the antimicrobial efficacy of povidone-iodine, povidone-
iodine-ethanol and chlorhexidine gluconate-ethanol surgical scrubs. Dermatology. 2006;212 
Suppl 1:21–5. [Context Link] 

110. Levy JH, Nagle DM, Curling PE, Waller JL, Kopel M, Tobia V. Contamination reduction 
during central venous catheterization. Crit Care Med. 1988;16:165–7. [Context Link] 

111. Geelhoed GW, Sharpe K, Simon GL. A comparative study of surgical skin preparation 
methods. Surg Gynecol Obstet. 1983;157:265–8. [Context Link] 

112. Ritter MA, Campbell ED. Retrospective evaluation of an iodophor incorporated 
antimicrobial plastic adhesive wound drape. Clin Orthop Relat Res. 1988;228:307–8. [Context 
Link] 

113. Jacobson C, Osmon DR, Hanssen A, Trousdale RT, Pagnano MW, Pyrek J, Berbari E, 
Naessens J. Prevention of wound contamination using DuraPrep solution plus Ioban 2 drapes. 
Clin Orthop Relat Res. 2005;439:32–7. [Context Link] 

114. Rodeheaver GT, Pettry D, Thacker JG, Edgerton MT, Edlich RF. Wound cleansing by high 
pressure irrigation. Surg Gynecol Obstet. 1975;141:357–62. Bibliographic Links [Context Link] 

115. Gross A, Cutright DE, Bhaskar SN. Effectiveness of pulsating water jet lavage in treatment 
of contaminated crushed wounds. Am J Surg. 1972;124:373–7. Bibliographic Links [Context 
Link] 

116. Brown LL, Shelton HT, Bornside GH, Cohn I Jr. Evaluation of wound irrigation by 
pulsatile jet and conventional methods. Ann Surg. 1978;187:170–3. Buy Now Bibliographic 
Links [Context Link] 

117. Moussa FW, Gainor BJ, Anglen JO, Christensen G, Simpson WA. Disinfecting agents for 
removing adherent bacteria from orthopaedic hardware. Clin Orthop Relat Res. 1996;329:255–
62. [Context Link] 



118. Kalteis T, Lehn N, Schroder HJ, Schubert T, Zysk S, Handel M, Grifka J. Contaminant 
seeding in bone by different irrigation methods: an experimental study. J Orthop Trauma. 
2005;19:591–6. [Context Link] 

119. Bhandari M, Adili A, Lachowski RJ. High pressure pulsatile lavage of contaminated human 
tibia: an in vitro study. J Orthop Trauma. 1998;12:479–84. Ovid Full Text Bibliographic Links 
[Context Link] 

120. Hassinger SM, Harding G, Wongworawat MD. High-pressure pulsatile lavage propagates 
bacteria into soft tissue. Clin Orthop Relat Res. 2005;439:27–31. [Context Link] 

121. Bhandari M, Schemitsch EH, Adili A, Lachowski RJ, Shaughnessy SG. High and low 
pressure pulsatile lavage of contaminated tibial fractures: an in vitro study of bacterial adherence 
and bone damage. J Orthop Trauma. 1999;13:526–33. [Context Link] 

122. Draeger RW, Dahners LE. Traumatic wound debridement: a comparison of irrigation 
methods. J Orthop Trauma. 2006;20:83–8. [Context Link] 

123. Dirschl DR, Duff GP, Dahners LE, Edin M, Rahn BA, Miclau T. High pressure pulsatile 
lavage irrigation of intraarticular fractures: effects on fracture healing. J Orthop Trauma. 
1998;12:460–3. Ovid Full Text Bibliographic Links [Context Link] 

124. Adili A, Bhandari M, Schemitsch EH. The biomechanical effect of high-pressure irrigation 
on diaphyseal fracture healing in vivo. J Orthop Trauma. 2002;16:413–7. [Context Link] 

125. Anglen JO. Wound irrigation in musculoskeletal injury. J Am Acad Orthop Surg. 
2001;9:219–26. Bibliographic Links [Context Link] 

126. Anglen JO, Gainor BJ, Simpson WA, Christensen G. The use of detergent irrigation for 
musculoskeletal wounds. Int Orthop. 2003;27:40–6. [Context Link] 

127. Tarbox BB, Conroy BP, Malicky ES, Moussa FW, Hockman DE, Anglen JO, Simpson WA, 
Adelstein EH, Christensen G, Gainor BJ. Benzalkonium chloride. A potential disinfecting 
irrigation solution for orthopaedic wounds. Clin Orthop Relat Res. 1998;346:255–61. 
Bibliographic Links [Context Link] 

128. Conroy BP, Anglen JO, Simpson WA, Christensen G, Phaup G, Yeager R, Gainor BJ. 
Comparison of castile soap, benzalkonium chloride, and bacitracin as irrigation solutions for 
complex contaminated orthopaedic wounds. J Orthop Trauma. 1999;13:332–7. Ovid Full Text 
Bibliographic Links [Context Link] 

129. Anglen JO. Comparison of soap and antibiotic solutions for irrigation of lower-limb open 
fracture wounds. A prospective, randomized study. J Bone Joint Surg Am. 2005;87:1415–22. 
[Context Link] 



130. Raves JJ, Slifkin M, Diamond DL. A bacteriologic study comparing closed suction and 
simple conduit drainage. Am J Surg. 1984;148:618–20. [Context Link] 

131. Sorensen AI, Sorensen TS. Bacterial growth on suction drain tips. Prospective study of 489 
clean orthopedic operations. Acta Orthop Scand. 1991;62:451–4. [Context Link] 

132. Sankar B, Ray P, Rai J. Suction drain tip culture in orthopaedic surgery: a prospective study 
of 214 clean operations. Int Orthop. 2004;28:311–4. [Context Link] 

133. Drinkwater CJ, Neil MJ. Optimal timing of wound drain removal following total joint 
arthroplasty. J Arthroplasty. 1995;10:185–9. [Context Link] 

134. Manian FA, Meyer PL, Setzer J, Senkel D. Surgical site infections associated with 
methicillin-resistant Staphylococcus aureus: do postoperative factors play a role? Clin Infect Dis. 
2003;36:863–8. [Context Link] 

135. Parker MJ, Roberts CP, Hay D. Closed suction drainage for hip and knee arthroplasty. A 
meta-analysis. J Bone Joint Surg Am. 2004;86:1146–52. [Context Link] 

136. Weinrauch P. Diagnostic value of routine drain tip culture in primary joint arthroplasty. 
ANZ J Surg. 2005;75:887–8. [Context Link] 

137. Confalonieri N, Manzotti A, Pullen C. Is closed-suction drain necessary in 
unicompartmental knee replacement? A prospective randomised study. Knee. 2004;11:399–402. 
[Context Link] 

138. Lang GJ, Richardson M, Bosse MJ, Greene K, Meyer RA Jr, Sims SH, Kellam JF. Efficacy 
of surgical wound drainage in orthopaedic trauma patients: a randomized prospective trial. J 
Orthop Trauma. 1998;12:348–50. [Context Link] 

139. Tjeenk RM, Peeters MP, van den Ende E, Kastelein GW, Breslau PJ. Wound drainage 
versus non-drainage for proximal femoral fractures. A prospective randomised study. Injury. 
2005;36:100–4. [Context Link] 

140. Payne DH, Fischgrund JS, Herkowitz HN, Barry RL, Kurz LT, Montgomery DM. Efficacy 
of closed wound suction drainage after single-level lumbar laminectomy. J Spinal Disord. 
1996;9:401–3. [Context Link] 

141. Brown MD, Brookfield KF. A randomized study of closed wound suction drainage for 
extensive lumbar spine surgery. Spine. 2004;29:1066–8. [Context Link] 

142. Zografos GC, Martis K, Morris DL. Laser Doppler flowmetry in evaluation of cutaneous 
wound blood flow using various suturing techniques. Ann Surg. 1992;215:266–8. [Context Link] 

143. Katz S, Izhar M, Mirelman D. Bacterial adherence to surgical sutures. A possible factor in 
suture induced infection. Ann Surg. 1981;194:35–41. [Context Link] 



144. Shuhaiber H, Chugh T, Burns G. In vitro adherence of bacteria to sutures in cardiac surgery. 
J Cardiovasc Surg (Torino). 1989;30:749–53. [Context Link] 

145. Mehta PH, Dunn KA, Bradfield JF, Austin PE. Contaminated wounds: infection rates with 
subcutaneous sutures. Ann Emerg Med. 1996;27:43–8. [Context Link] 

146. Polglase A, Nayman J. A comparison of the incidence of wound infection following the use 
of percutaneous and subcuticular sutures: an experimental study. Aust NZ J Surg. 1977;47:423–
5. [Context Link] 

147. Condie JD, Ferguson DJ. Experimental wound infections: contamination versus surgical 
technique. Surgery. 1961;50:367–71. [Context Link] 

148. De Holl D, Rodeheaver G, Edgerton MT, Edlich RF. Potentiation of infection by suture 
closure of dead space. Am J Surg. 1974;127:716–20. [Context Link] 

149. Chelmow D, Rodriguez EJ, Sabatini MM. Suture closure of subcutaneous fat and wound 
disruption after cesarean delivery: a meta-analysis. Obstet Gynecol. 2004;103:974–80. [Context 
Link] 

150. Cho CY, Lo JS. Dressing the part. Dermatol Clin. 1998;16:25–47. [Context Link] 

151. Mertz PM, Marshall DA, Eaglstein WH. Occlusive wound dressings to prevent bacterial 
invasion and wound infection. J Am Acad Dermatol. 1985;12:662–8. [Context Link] 

152. Holm C, Petersen JS, Gronboek F, Gottrup F. Effects of occlusive and conventional gauze 
dressings on incisional healing after abdominal operations. Eur J Surg. 1998;164:179–83. 
[Context Link] 

153. Eaglstein WH. Experiences with biosynthetic dressings. J Am Acad Dermatol. 
1985;12:434–40. [Context Link] 

154. Bolton LL, Johnson CL, Van Rijswijk L. Occlusive dressings: therapeutic agents and 
effects on drug delivery. Clin Dermatol. 1991;9:573–83. [Context Link] 

155. Hutchinson JJ, McGuckin M. Occlusive dressings: A microbiologic and clinical review. Am 
J Infect Control. 1990;18:257–68. [Context Link] 

156. Lionelli GT, Lawrence WT. Wound dressings. Surg Clin North Am. 2003;83:617–38. 
[Context Link] 

157. Chrintz H, Vibits H, Cordtz TO, Harreby JS, Waaddegaard P, Larsen SO. Need for surgical 
wound dressing. Br J Surg. 1989;76:204–5. [Context Link] 

158. Meylan G, Tschantz P. [Surgical wounds with or without dressings. Prospective 
comparative study]. Ann Chir. 2001;126:459–62. French. [Context Link] 



159. Geronemus RG, Mertz PM, Eaglstein WH. Wound healing. The effects of topical 
antimicrobial agents. Arch Dermatol. 1979;115:1311–4. [Context Link] 

160. Dire DJ, Coppola M, Dwyer DA, Lorette JJ, Karr JL. Prospective evaluation of topical 
antibiotics for preventing infections in uncomplicated soft-tissue wounds repaired in the ED. 
Acad Emerg Med. 1995;2:4–10. [Context Link] 

161. Knobben BA, van Horn JR, van der Mei HC, Busscher HJ. Evaluation of measures to 
decrease intra-operative bacterial contamination in orthopaedic implant surgery. J Hosp Infect. 
2006;62:174–80. [Context Link] 

162. Gruenberg MF, Campaner GL, Sola CA, Ortolan EG. Ultraclean air for prevention of 
postoperative infection after posterior spinal fusion with instrumentation: a comparison between 
surgeries performed with and without a vertical exponential filtered air-flow system. Spine. 
2004;29:2330–4. [Context Link] 

163. Hansen D, Krabs C, Benner D, Brauksiepe A, Popp W. Laminar air flow provides high air 
quality in the operating field even during real operating conditions, but personal protection seems 
to be necessary in operations with tissue combustion. Int J Hyg Environ Health. 2005;208:455–
60. [Context Link] 

164. Moggio M, Goldner JL, McCollum DE, Beissinger SF. Wound infections in patients 
undergoing total hip arthroplasty. Ultraviolet light for the control of airborne bacteria. Arch Surg. 
1979;114:815–23. Bibliographic Links [Context Link] 

165. Carlsson AS, Nilsson B, Walder MH, Osterberg K. Ultraviolet radiation and air 
contamination during total hip replacement. J Hosp Infect. 1986;7:176–84. [Context Link] 

166. Berg M, Bergman BR, Hoborn J. Ultraviolet radiation compared to an ultra-clean air 
enclosure. Comparison of air bacteria counts in operating rooms. J Bone Joint Surg Br. 
1991;73:811–5. [Context Link] 

167. Berg M, Bergman BR, Hoborn J. Shortwave ultraviolet radiation in operating rooms. J 
Bone Joint Surg Br. 1989;71:483–5. [Context Link] 

168. Owers KL, James E, Bannister GC. Source of bacterial shedding in laminar flow theatres. J 
Hosp Infect. 2004;58:230–2. [Context Link] 

169. Bethune DW, Blowers R, Parker M, Pask EA. Dispersal of staphylococcus aureus by 
patients and surgical staff. Lancet. 1965;40:480–3. [Context Link] 

170. Hubble MJ, Weale AE, Perez JV, Bowker KE, MacGowan AP, Bannister GC. Clothing in 
laminar-flow operating theatres. J Hosp Infect. 1996;32:1–7. [Context Link] 

171. Blom A, Estela C, Bowker K, MacGowan A, Hardy JR. The passage of bacteria through 
surgical drapes. Ann R Coll Surg Engl. 2000;82:405–7. [Context Link] 



172. Ritter MA. Operating room environment. Clin Orthop Relat Res. 1999;369:103–9. [Context 
Link] 

173. Ritter MA, Eitzen HE, French ML, Hart JB. The effect that time, touch and environment 
have upon bacteria contamination of instruments during surgery. Ann Surg. 1976;184:642–4. 
[Context Link] 

174. Dellinger EP. Preventing surgical-site infections: the importance of timing and glucose 
control. Infect Control Hosp Epidemiol. 2001;22:604–6. [Context Link] 

175. Furnary AP, Zerr KJ, Grunkemeier GL, Starr A. Continuous intravenous insulin infusion 
reduces the incidence of deep sternal wound infection in diabetic patients after cardiac surgical 
procedures. Ann Thorac Surg. 1999;67:352–62. [Context Link] 

176. Latham R, Lancaster AD, Covington JF, Pirolo JS, Thomas CS. The association of diabetes 
and glucose control with surgical-site infections among cardiothoracic surgery patients. Infect 
Control Hosp Epidemiol. 2001;22:607–12. [Context Link] 

177. Pomposelli JJ, Baxter JK 3rd, Babineau TJ, Pomfret EA, Driscoll DF, Forse RA, Bistrian 
BR. Early postoperative glucose control predicts nosocomial infection rate in diabetic patients. 
JPEN J Parenter Enteral Nutr. 1998;22:77–81. [Context Link] 

178. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M, 
Vlasselaers D, Ferdinande P, Lauwers P, Bouillon R. Intensive insulin therapy in the critically ill 
patients. N Engl J Med. 2001;345:1359–67. [Context Link] 

179. Zerr KJ, Furnary AP, Grunkemeier GL, Bookin S, Kanhere V, Starr A. Glucose control 
lowers the risk of wound infection in diabetics after open heart operations. Ann Thorac Surg. 
1997;63:356–61. [Context Link] 

180. Greif R, Akca O, Horn EP, Kurz A, Sessler DI. Supplemental perioperative oxygen to 
reduce the incidence of surgical-wound infection. Outcomes Research Group. N Engl J Med. 
2000;342:161–7. [Context Link] 

181. Hopf HW, Hunt TK, West JM, Blomquist P, Goodson WH 3rd, Jensen JA, Jonsson K, Paty 
PB, Rabkin JM, Upton RA, von Smitten K, Whitney JD. Wound tissue oxygen tension predicts 
the risk of wound infection in surgical patients. Arch Surg. 1997;132:997–1005. [Context Link] 

182. Pryor KO, Fahey TJ 3rd, Lien CA, Goldstein PA. Surgical site infection and the routine use 
of perioperative hyperoxia in a general surgical population: a randomized controlled trial. 
JAMA. 2004;291:79–87. [Context Link] 

183. Melling AC, Ali B, Scott EM, Leaper DJ. Effects of preoperative warming on the incidence 
of wound infection after clean surgery: a randomised controlled trial. Lancet. 2001;358:876–80. 
[Context Link] 



184. Kurz A, Sessler DI, Lenhardt R. Perioperative normothermia to reduce the incidence of 
surgical-wound infection and shorten hospitalization. Study of Wound Infection and 
Temperature Group. N Engl J Med. 1996;334:1209–15. [Context Link] 

 
 
 

Copyright (c) 2000-2007 Ovid Technologies, Inc. 
Version: OvidSP_UI01.00.03, SourceID 34590 

 


