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Objective: The purpose of this study was to investigate the local antibacterial efficacy of saline,
rifampicin, gentamicin, high-concentration fusidic acid and low-concentration fusidic acid in the
decontamination of allografts contaminated with Staphylococcus aureus. 
Methods: Fifty-five sterile, fresh-frozen femoral heads obtained from the bone bank were contami-
nated with methicillin-sensitive ATCC 25923 Staphylococcus aureus. Samples were divided into groups
and debrided with high-pressure (80 psi) pulse lavage using a saline, rifampicin irrigation solution (50
mg/l), gentamicin irrigation solution (50 mg/l) and low- (50 mg/l) or high-concentration (500 mg/l)
fusidic acid irrigation solution for 30 seconds from a distance of 10 cm. After irrigation, allografts were
incubated in the culture and developed colonies were counted. Mean±standard deviation (min-max)
values were calculated. The differences between the four irrigation groups were evaluated using the
Kruskal-Wallis variance analysis and groups were compared two at a time using the post-hoc Mann-
Whitney U test. 
Results: No colonization was detected with the exception of one allograft in the rifampicin irrigation
group. The gentamicin irrigation group had similar results as the high-concentration fusidic acid irri-
gation group and both results were superior to those of the saline and low-concentration fusidic acid
irrigation groups (p=0.010 and 0.004, respectively). The low- and high-concentration fusidic acid irri-
gation groups were similar and were not shown to have superior results than saline irrigation group. 
Conclusion: Rifampicin irrigation solution was the most effective in the decontamination of allografts
previously contaminated with Staphylococcus aureus. Gentamicin, high-concentration fusidic acid, low-
concentration fusidic and saline irrigation solutions may also be used respectively, according to their
effectiveness. 
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Infection risk in contaminated open fractures is report-
ed as 13 to 50% and is directly proportional to bacter-
ial colony counts. The purpose of debridement and
irrigation of open fractures and soft tissue injuries is to
prevent bacterial contamination at the injury site.[1-3]

Different studies investigating the effectiveness of irri-
gation solutions with antibiotics or various antiseptics
for the decontamination of open wounds and contam-
inated bones have been reported[4-9] with inconsistent
results.[2,5-9]
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Despite the different results on decontamination
with low- and high-pressure pulse lavage, recently
there have been an increasing number of studies
reporting that high-pressure pulse lavage is quite effec-
tive in bacterial decontamination of both open frac-
tures and soft tissue injuries.[3,10-14]

The purpose of this study was to compare the effect
of various antibiotic irrigation solutions used in
pomade and local wound care for their local bacteri-
cide activity to saline irrigation for the decontamina-
tion of contaminated allografts. 

Materials and methods
This study included 55 fresh femoral heads obtained
from arthroplasty operations for primary coxarthrosis
and femoral neck fractures. Specimens were immediate-
ly transported to the clinic, following pathologic and
microbiologic sampling, and stored in a -86°C medical
deep freezer (Sanyo® Medical Freezer MDF; Panasonic
Corp., Osaka, Japan). Samples with aerobic culture (+) at
48 hours, were macroscopically abnormal, had patholog-
ical fractures, rheumatologic disease or dislocated hips
were excluded.

When a sufficient number of samples with adequate
laboratory tests were collected, femoral heads were
divided into 3.5×3.5×0.6 cm pieces using a power saw in

the operating theater, following sterile dressing. Fifty-
five bone specimens were obtained (Fig. 1).

Bone samples were contaminated in the microbiolo-
gy laboratory. A trypticase soy broth medium of 4
McFarland standard and prepared with methicillin-sen-
sitive Staphylococcus aureus control strain provided from
Istanbul University KUKENS laboratory was used for
the contamination process.

Bone specimens previously established as sterile were
kept in contamination solution for 5 hours (vortexed
every 10 minutes) at room temperature. Contaminated
samples were transported to the operation room in 100
cc sterile containers for irrigation with five different
solutions. Although various techniques for the contami-
nation process, including rubbing samples directly or
with contaminated cotton sticks against the operation
room floor or have been described in the literature, there
is no standard procedure.[15]

Samples were kept in a solution with a standard
microorganism concentration (4 McFarland) at room
temperature for a minimum of 5 hours in the microbiol-
ogy laboratory to provide homogeneous contamination. 

Contaminated bone specimens were randomly
divided into 5 groups of 11. The first group was washed
with sterile saline, the second group with rifampicin
solution (50 mg/l), the third group with gentamicin
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Fig. 1. (a-c) Preparation of the bone sample. [Color figure can be viewed in the online issue, which is available at www.aott.org.tr]

Saline Gentamicin Low-concentration High-concentration P value
irrigation fusidic acid fusidic acid 
solution irrigation solution irrigation solution

3445.4±1206.9 1709.0±1608.3 5927.2±4903.3 3369.6±2931.3 0.015

Table 1. Average colony counts of groups (mean±standard deviation).
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solution (50 mg/l), the fourth group with low-concen-
tration fusidic acid (50 mg/l; 100 times minimal
inhibitor concentration (MIC)), and the fifth group with
high-concentration fusidic acid (500 mg/l; 1,000 times
MIC). Contaminations were performed using 80 psi
high-pressure pulse lavage (Tava Surgical® lavage pump
set; Tava Surgical, Ventura, CA, US) from a distance of
10 cm for 30 seconds.[10]

Following irrigation in the operating theater in ster-
ile conditions, bone specimens were transported to the
laboratory in 100 cc sterile containers and covered com-
pletely with the sterile trypticase soy broth liquid medi-
um. Specimens were vortexed every 10 minutes to let the
bacteria contained in the bone to pass to the liquid medi-
um and kept there for 30 minutes. 0.01 ml samples
obtained from each bone bullion were incubated in 5%
sheep blood agar for 18 to 24 hours at 35 to 37ºC. At the
end of 18 to 24 hours, the number of bacterial colony
forming units (CFUs) was measured. 

All data were expressed as mean±standard deviation
and median (min-max). Because there was no coloniza-
tion except for one in rifampicin irrigation group, this
group was excluded from analysis. For the other four
groups, multiple comparisons were made using the
Kruskal-Wallis variance analysis test. Post-hoc compar-
isons were performed with the Mann-Whitney U test.
P values of <0.05 were considered significant. The
Statistical Package for Social Sciences (SPSS) for
Windows 15.0 (SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. 

Results
In the rifampicin group, there was growth in only one
specimen. The number of counted colonies was 600.
The efficiency of rifampicin solution in decontamination
was significantly higher than the other groups (p=0.000).

Significant differences were found between the grow-
ing colony counts of the other four groups (p=0.015)
(Table 1 and Fig. 2). Irrigation with gentamicin solution
was significantly superior to those of irrigation with low-
concentration fusidic acid and sterile saline solution
(p=0.004 and p=0.010, respectively) and superior to irri-

gation with high-concentration fusidic acid solution with
no significance (p=0.171). 

Results of irrigation with low- and high-concentra-
tion fusidic acid solutions were similar with each other
(p =0.116) and no statistically significant difference was
detected when compared with the results of irrigation
with saline solution (p=0.171 and p=0.797, respectively)
(Table 2). 

Discussion
This study suggests that rifampicin irrigation solution
is the most effective for the decontamination of bone.
Rifampicin is an antibiotic which inhibits the beta sub-
unit of RNA polymerase enzyme and shows bacterici-
dal effect by blocking mRNS synthesis.[16] Rifampicin
containing irrigation solutions are known to be used
for local decubitus wound care. Hirn et al.[17,18] rinsed
bone specimens contaminated with coagulase negative
staphylococci with sterile saline, cefuroxime axetil and
rifampicin solutions. They compared their results with
low-pressure pulse lavage with sterile saline solution
and stated that rifampicin washing is more effective.
While rifampicin was more effective than cefuroxime,

Fig. 2. Colony counts according to groups.

P value

Saline – gentamicin solution 0.010
Saline – low-concentration fusidic acid solution 0.171
Saline – high-concentration fusidic acid solution 0.797
Gentamicin solution – low-concentration fusidic acid solution 0.004
Gentamicin solution – high-concentration fusidic acid solution 0.171
Low-concentration fusidic acid solution – high-concentration fusidic acid solution 0.116

Table 2. Comparison of groups two at a time.



they stated that they should be used in combination for
serious infections considering the high possibility of
resistance development to rifampicin. A high risk of
resistance development after irrigation with rifampicin
solutions restricts its use in clinical practice. 

In another study, Hirn et al.[19] compared the results
of simple soaking of 140 femoral heads in cefuroxime
and rifampicin solutions with pulse lavage irrigation.
They concluded that soaking in antibiotic solutions is
not more effective than pulse lavage.

Gentamicin has a wide use in orthopaedic surgery
parenterally both in the pre- and postoperative stages,
locally as a pumice, or by adding to bone cement, espe-
cially in arthroplasty surgery.[20] It shows its bactericidal
effect through the inhibition of the mRNA.[21]

In our study, the irrigation with gentamicin solu-
tion group had superior results to those of the low-
concentration fusidic acid and saline solution irrigation
group and similar results to the high-concentration
fusidic acid irrigation group. 

Fusidic acid is a bacteriostatic antibiotic which
inhibits protein synthesis at the ribosomal elongation
phase whereas it can show bactericidal effects in high
concentrations.[22,23] Oral fusidic acid is used alone or in
combination with other antibiotics for Staphylococcus
aureus infections as maintenance treatment following
intravenous glycopeptide antibiotics.[22]

Drugeon et al.[24] compared the efficacy efficiency of
fusidic acid against methicillin-sensitive Staphylococcus
aureus and methicillin-resistant Staphylococcus aureus
with various antibiotics. They determined synergistic
activity in three of four combinations an antagonistic
activity in one combination. Neut et al.[25] added fusidic
acid and clindamycin in addition to gentamicin to
cement in increased methicillin-resistant septic joint
arthroplasty. They reported that the addition of fusidic
acid was more effective than the addition of clin-
damycin.

In a study using rats, Ersoz et al. reported that
adding fusidic acid to cement and parenteral
teicoplanin is more effective than parenteral
teicoplanin alone for tibial osteomyelitis, although the
difference was not statistically significant.[26] In our
study, the results of the low- and high-concentration
fusidic acid irrigation groups were similar, but no sta-
tistically significant superior effect was determined
compared to the saline irrigation group. 

In Hirn et al’s[27] study on the efficacy of the saline
irrigation technique alone, 55 fresh frozen human
femoral heads were contaminated with S. aureus and

Bacillus Spp. and later washed in saline solution and
antibiotic solution (cefuroxime axetil) by simple shak-
ing and high-pressure saline irrigation. Colony counts
proved 75% culture (-) in the high-pressure saline irri-
gation group. This rate was 10% in the saline bath and
20% in the antibiotic saline bath groups.

Furthermore, it is difficult to establish the efficacy
of pressure irrigation with mechanical washing versus
antibacterial activity during decontamination. Despite
the antibacterial effect, mechanical irrigation is more
important.[28-30]

The literature is unclear on how agents show their
systemic effect and reach their effective concentration.
Antibiotics with systemic effect are partly time-
dependent and partly dependent to concentration.
These pharmacodynamic properties specify drug
dosage and intervals. 

The antibiotics used in this study are locally effec-
tive (eye/ear drops, pomade form) agents and with sys-
temic bactericidal effects are known to be provided
with local use.

Specimens are in touch with the antibiotics only
during irrigation which may raise suspicions about the
efficacy of antibiotics. However, the difference in the
results of the rifampicin and saline irrigation group
prove the efficacy of the antibiotics. 

Studies have investigated whether high-pressure
irrigation damages the organic bone matrix and thus
decelerates bone healing or transport microorganisms
on the bone and soft tissues to deeper tissues. For this
reason, some authors suggest using high-pressure
lavage in gross contaminated wounds. Our study was
limited in that low-pressure lavage is being investigat-
ed as well.[9,13,14,31-33]

An additional limitation of our study was that it was
not an experimental study executed on in vivo live
bone. Instead, lavage was carried out on allografts. 

In conclusion, rifampicin appears to be the most
effective irrigation solution followed by gentamicin,
high-concentration fusidic acid, low-concentration
fusidic acid and saline irrigation solution in the decon-
tamination of bone infected with staphylococcus strain.
Rifampicin resistance is an important argument against
its widespread use. As rifampicin constitutes the main
stay of tuberculosis treatment which is frequent in our
country, resistance may lead to an increase in number
of more complicated tuberculosis patient (MDR tuber-
culosis). However, it should be taken into considera-
tion that other antibiotics may also develop resistance.
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