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Background: The inadvertent contamination of anterior cruciate ligament (ACL) grafts can occur if they are accidentally dropped
on the floor during ACL reconstruction. There has been no meta-analysis conducted to compare the sterilization efficiency of the
different disinfectants used on dropped ACL grafts.

Purpose: To compare the sterilization efficiency of 3 disinfectants to decontaminate ACL grafts as necessary.

Study Design: Systematic review.

Methods: A systematic literature review was performed using the MEDLINE, Embase, and Cochrane Library databases. All studies
reporting the management of dropped or contaminated grafts were considered for this meta-analysis.

Results: A total of 7 studies meeting inclusion criteria were identified from a literature search. The pooled results of this meta-
analysis indicated that the rate of positive cultures of ACL grafts dropped on the operating room floor was 44.9% and that the
commonly contaminated microbes were staphylococci and bacilli. The meta-analysis results indicated that the sterilization effi-
ciency of a 4% chlorhexidine solution was superior to an antibiotic solution (odds ratio [OR], 0.17 [95% CI, 0.05-0.57]; P¼ .004) and
a 10% povidone-iodine solution (OR, 0.04 [95% CI, 0.01-0.20]; P < .0001). Further, the antibiotic solution was superior to the 10%
povidone-iodine solution (OR, 0.20 [95% CI, 0.07-0.55]; P ¼ .002).

Conclusion: The results of our meta-analysis demonstrated that staphylococci and bacilli were the most common contaminants
on dropped ACL grafts and that decontamination using a 4% chlorhexidine solution more reliably disinfected ACL grafts. This
information can help to guide surgeons as regards appropriate remedial measures.
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Injuries to the anterior cruciate ligament (ACL) are
common, especially among athletes. ACL reconstruction is
the most common surgical intervention performed in the
knee joint, with 45.1 procedures per 100,000 people annu-
ally, and this incidence is increasing annually.3 The inad-
vertent contamination of ACL grafts can occur if they are
accidentally dropped on the floor during ACL reconstruc-
tion, which might lead to significant complications. About
25% of all fellowship-trained sports medicine surgeons
have reported at least 1 accidental contamination of an
ACL graft, leading to a management dilemma for
surgeons.16

Although the incidence of dropped ACL grafts is
unknown, the implantation of a contaminated ACL graft
in the knee joint may cause severe septic arthritis. It has
been reported that the incidence of septic arthritis after
using contaminated grafts during ACL reconstruction is
0.51% to 0.6%.25,33 Previous studies have proposed some
remedies for when ACL grafts are accidentally dropped
on the operating room floor, including attempted steriliza-
tion of the dropped graft, harvesting another autograft
from the contralateral knee, and the use of an allograft; all
of these options carry additional risks to the patients.8,20,24

Disinfecting the contaminated graft would appear to be the
first choice. However, there are limited data available con-
cerning the decontamination efficiency of commonly used
disinfectants on contaminated grafts. Meanwhile, there
has been no meta-analysis conducted to compare the
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decontamination efficiency of different disinfectants on
dropped ACL grafts.

This study aimed to provide guidelines for surgeons by
comparing the efficiency of 3 disinfectants commonly avail-
able in the operating room, a 4% chlorhexidine solution, an
antibiotic solution, and a 10% povidone-iodine solution, and
identifying the most effective way to disinfect ACL grafts
that fell on the operating room floor. We hypothesized that
the 4% chlorhexidine solution, antibiotic solution, and 10%

povidone-iodine solution would have equivalent efficacy
and that using any of them would provide effective sterili-
zation in cases of dropped ACL grafts during surgery.

METHODS

Search Strategy and Eligibility Criteria

This study was registered with PROSPERO, an interna-
tional database of prospectively registered systematic
reviews (CRD42020205369). A systematic review was
performed according to the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines. On May 1, 2020, an electronic literature
search was performed using the MEDLINE, Embase, and
Cochrane Library databases. The search terms used were
as follows: anterior cruciate ligament and ACL combined
with graft contamination, dropped graft, and steriliza-
tion. No restrictions were imposed on the date of
publication.

All novel studies evaluating the management of dropped
or contaminated grafts were eligible for inclusion in this
review. The study exclusion criteria were as follows: non–
English language publications, nonexperimental studies,
noncomparative studies, and studies unrelated to ACL
grafts.

Titles and abstracts were independently reviewed by 2
authors (X.S. and T.L.) to ensure that the selected articles
met the inclusion criteria. Any disagreements regarding
study inclusion and data were resolved by discussion and
consensus involving a senior reviewer (Y.Q.).

Data Extraction

The same 2 reviewers independently extracted all relevant
data and imported them into a spreadsheet (Excel 2019;
Microsoft), which was then reviewed by another senior
reviewer (J.Z.). The imported data included the study’s
country of origin, study design, sample types, sample size,

source of contamination, decontamination management
protocol, and outcomes.

Methodological Quality Assessment

The included studies’ methodological quality was assessed
using the criteria of the modified Methodological Index for
Non-Randomized Studies (MINORS).17 Similar to the orig-
inal MINORS, the modified MINORS criteria included 12
items, with 2 additional items proposed for future in vitro
studies. The total score of the methodological quality
assessment was 24. The quality of studies was rated as
follows: high quality with 19-24 points, moderate quality
with 13-18 points, and low quality with <12 points. All
included articles were independently assessed by 2
reviewers (X.S. and J.X.), and any disagreements regarding
the quality assessment were resolved by discussion and
consensus involving a senior reviewer (J.Z.). The purpose
of the quality assessment in this meta-analysis was to eval-
uate and describe the study quality and design character-
istics of all included studies.

Statistical Analysis

Review Manager 5.3 software (Cochrane Collaboration)
was used for the meta-analysis of the extracted data. The
primary outcome of interest was the odds ratio (OR) of pos-
itive cultures. A random-effects model was used to evaluate
the random variables and I2 statistic to evaluate the data
for heterogeneity among studies and confirm the appropri-
ateness of pooling among groups, with >50% regarded as
significantly heterogenic. The OR, with a 95% CI, was cal-
culated for dichotomous outcomes. If no events occurred in
2 groups or no comparison between 2 groups could be made
within a study, those studies were excluded from this part
of the meta-analysis.

RESULTS

Study Characteristics

The literature search yielded a total of 423 articles. After
removing duplicate studies and applying exclusion criteria,
30 studies were selected for a full-text review. Based on
eligibility criteria, 23 of these studies were excluded after
a full-text review, and the remaining 7 articles were ulti-
mately included.2,4,10,12,19,21,24 A flowchart of the study
selection process is shown in Figure 1.
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Quality Assessment According to the Modified
MINORS

The 7 eligible articles were evaluated according to the mod-
ified MINORS quality assessment. The methodological
quality score of the included studies ranged from 14 to 22.
All included studies were considered to be of moderate or
high quality. Individual study characteristics, sterilization

procedures, and quality assessment scores of all 7 included
studies are summarized in Table 1.

The main disinfectants used in these 7 studies to decon-
taminate ACL grafts included a 4% chlorhexidine solution
(173 samples in 5 studies), an antibiotic solution (158 sam-
ples in 5 studies), a 10% povidone-iodine solution (143 sam-
ples in 4 studies), saline (30 samples in 1 study), and a
sodium hypochlorite solution (25 samples in 1 study). The

Figure 1. Flowchart describing the literature search and review process. ACL, anterior cruciate ligament.

TABLE 1
Characteristics of Included Studiesa

Lead Author (Year) Country Study Design Graft Type Modified MINORS Score

Molina19 (2000) USA Controlled trial ACL specimens removed from patients undergoing total knee
arthroplasty

16

Plante24 (2013) USA Controlled trial Hamstring tendons harvested from patients 14
Badran2 (2016) Egypt Controlled trial Hamstring tendon autograft specimens 19
Parker21 (2008) USA Controlled trial Fresh-frozen bone–patellar tendon–bone grafts from screened

donors
21

Cooper10 (1991) USA Controlled trial Bone–patellar tendon–bone grafts harvested from fresh-frozen
cadaveric knees

16

Barbier4 (2015) France Controlled trial Hamstring tendon autografts from patients 22
Goebel12 (1994) USA Controlled trial Bone–patellar tendon–bone grafts harvested from adult

California White rabbits
16

aACL, anterior cruciate ligament; MINORS, Methodological Index for Non-Randomized Studies.
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decontamination methods included immersion for a variable
duration of time, mechanical agitation and serial dilution,
pulsed lavage, and a soak/rinse combination. Additionally, 6
studies2,4,10,12,19,24 reported the incidence of positive cultures
of microbes after disinfecting the dropped ACL grafts with
different disinfectants, while 1 study21 reported the number
of colony-forming units after culturing. The ACL grafts in 1
study12 were harvested from rabbits, while the grafts used in
the rest of the studies2,4,10,19,21,24 were from humans. All 7 of
these studies mainly evaluated the sterilization efficiency of
different disinfectants on contaminated ACL grafts (Appen-
dix Table A1).

Culture Outcomes

Overall, 5 studies2,4,10,19,24 reported the culture results of
ACL grafts that fell on the operating room floor and
remained there for 15 seconds or 3 minutes. The rate of
contamination ranged from 23.3% to 60.0%, and the pooled
rate of positive cultures was 44.9% (92/205). The other 2
studies12,21 reported the simulation of microbial species and
the number of microorganisms on the operating room floor
based on the culture results. In these 7 studies, the ACL
grafts dropped on the operating room floor were most com-
monly contaminated with staphylococci (Staphylococcus
aureus and Staphylococcus epidermidis) and bacilli (Appen-
dix Table A1). The contaminated ACL grafts treated with
the antibiotic solution were mainly positive for staphylo-
cocci, bacilli, Clostridium, Acinetobacter, and diphtheroids.
Simultaneously, staphylococci and bacilli were present on
ACL grafts treated with the 10% povidone-iodine solution
and staphylococci and gram-negative bacilli on grafts treat-
ed with the 4% chlorhexidine solution. The pooled results
showed that the positive culture rates of disinfected ACL
grafts with the 4% chlorhexidine solution, antibiotic solu-
tion, and 10% povidone-iodine solution were 2.3% (4/173),
10.8% (17/158), and 21.0% (30/143), respectively.

Comparison of 4% Chlorhexidine Solution Versus
Antibiotic Solution

Among the 7 included studies, 4 studies2,12,19,24 compared
the sterilization efficiency between the 4% chlorhexidine

solution and an antibiotic solution on ACL grafts dropped
on the operating room floor. The pooled results indicated
that there was a significant difference in the incidence of
positive cultures between the 2 groups, with the 4% chlor-
hexidine solution displaying superior decontamination in
comparison with the antibiotic solution (OR, 0.17 [95%
CI, 0.05-0.57]; P ¼ .004). Heterogeneity was low, with
almost all variations in the effect size attributed to random
sampling errors (I2 ¼ 45%; P ¼ .14) (Figure 2).

Comparison of 10% Povidone-Iodine Solution
Versus Antibiotic Solution

Only 3 small studies2,12,19 evaluated the decontamination
efficiency between the 10% povidone-iodine solution and
antibiotic solution, but 1 of them12 was not assessed
because it reported that both the 10% povidone-iodine solu-
tion and the antibiotic solution were 100% ineffective.
There was no heterogeneity among the results of these 3
studies (I2 ¼ 0%; P ¼ .97), and the results were analyzed
through a fixed-effects model. The pooled results revealed
that the antibiotic solution showed superior decontamina-
tion to the 10% povidone-iodine solution (OR, 0.20 [95% CI,
0.07-0.55]; P ¼ .002) (Figure 3).

Comparison of 4% Chlorhexidine Solution Versus
10% Povidone-Iodine Solution

There were 4 studies2,4,12,19 that compared the decontami-
nation efficiency between the 4% chlorhexidine solution
and 10% povidone-iodine solution on ACL grafts dropped
on the operating room floor. There was heterogeneity
between the results of each study (I2 ¼ 66%; P ¼ .03), and
the results were analyzed through a random-effects model,
which showed no statistical significance between the 2
groups (OR, 0.09 [95% CI, 0.01-0.96]; P ¼ .005). Based on
the sensitivity analysis results, heterogeneity arose mainly
from the Barbier et al4 study. After excluding this study, no
heterogeneity was found (I2 ¼ 0%; P ¼ .44). After excluding
the Barbier et al4 study, the pooled results showed that
there was a significant difference between the 2 groups
(OR, 0.04 [95% CI, 0.01-0.20]; P < .0001) (Figure 4).

Figure 2. Forest plot depicting the sterilization efficiency of the 4% chlorhexidine solution versus the antibiotic solution. M-H,
Mantel-Haenszel.
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DISCUSSION

The present systematic review and meta-analysis revealed
2 main findings. One, the rate of accidentally dropped ACL
grafts that resulted in positive bacterial cultures was 44.9%
and predominantly consisted of staphylococci and bacilli.
Two, comparing the sterilization efficiency of 3 different
disinfectants, the 4% chlorhexidine solution showed excel-
lent decontamination on the dropped ACL grafts, with the
lowest positive culture rate of only 2.3%, followed by the
antibiotic solution of 10.8% and the 10% povidone-iodine
solution of 21.0%.

The inadvertent contamination of ACL grafts during
ACL reconstruction has led to surgical complications, and
there is currently no consensus in the literature to sup-
port the most appropriate management.13 If ACL grafts
are dropped onto the operating room floor, proper and
effective disinfection methods should be used to ensure
low incidence of complications and the preservation of
ACL grafts. Previous studies have reported some differ-
ences in the contamination rates of bone autografts inten-
tionally dropped onto the operating room floor. Alomar
et al1 conducted a laboratory study in which 69 fresh
osteochondral autografts were dropped onto the operating
room floor, and they found that the rate of contamination
was 42%; the most common microorganisms were

Staphylococcus epidermidis (24.1%) and bacilli (20.7%).
As part of an experiment, Hirn et al15 rubbed 60 femoral
head specimens on the operating room floor and found
coagulase-negative staphylococci and bacilli as the most
prevalent microorganisms. In another study, Bruce et al7

found that the contamination rate of dropped osteo-
articular fragments was 70%, with coagulase-negative
staphylococci as prevalent microorganisms.

The present meta-analysis revealed that the contamina-
tion rate of grafts was 44.9%, and the 2 most common micro-
organisms identified from the dropped ACL grafts were
staphylococci and bacilli, which is consistent with previ-
ously reported operating room microbial profiles.31 Similar
to this study’s results, Barbier et al4 reported that the risk
of contamination of a hamstring graft dropped on the floor
was up to 40%. However, in a previous experimental study,
Burd et al8 deliberately dropped tendon grafts on the oper-
ating room floor and found that the contamination rate was
variable. They reported that the contamination rate was
60% for bone and tendons, while it was about 10% for bone
alone. This reminds us that the susceptibility to contami-
nation of bone fragments and ACL grafts is different, and
dropped bone fragments may be prone to a higher risk of
contamination. Nevertheless, we should interpret these
results cautiously, as positive bacterial culture results do
not necessarily indicate septic arthritis after ACL

Figure 3. Forest plot depicting the sterilization efficiency of the 10% povidone-iodine solution versus the antibiotic solution. M-H,
Mantel-Haenszel.

Figure 4. Forest plot depicting the sterilization efficiency of the 4% chlorhexidine solution versus the 10% povidone-iodine
solution. M-H, Mantel-Haenszel.
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reconstruction in clinical practice. Also, Hantes et al14 con-
ducted a prospective study and found no association
between graft contamination and postoperative infection.

Although several experimental studies have investigated
the management of ACL graft contamination,14,21,24 to our
knowledge, there is no meta-analysis that has comprehen-
sively reviewed these studies to date. In existing studies,
disinfectants available in the operating room, including a
chlorhexidine solution, antibiotic solution, and iodophor
solution of variable concentrations, are usually the first
choices. For instance, in 2011, Bauer et al6 conducted a
study to compare the effectiveness of 5 different disinfec-
tant methods on experimentally contaminated bone grafts.
Although they proved that both dry iodophor and chlorhex-
idine produced excellent sterilization effects, the latter
killed all live cells within the bone graft. Similarly, Bruce
et al7 demonstrated that povidone-iodine and 4% chlorhex-
idine gluconate were the most effective disinfectants for
dropped osteoarticular bone fragments, but they did not
recommend 4% chlorhexidine gluconate as an effective
decontaminant because it decreased chondrocyte cell via-
bility. Liu et al18 found that the use of 2% chlorhexidine
significantly reduced the cell viability of osteoblasts, fibro-
blasts, and myoblasts and permanently stopped cell migra-
tion regardless of exposure time. It seems that
chlorhexidine can kill the living cells of a bone graft, but
its effect on ACL grafts is unclear, and it is essential to
guide graft sterilization clinically.

Chlorhexidine belongs to the bisbiguanide class of anti-
septics, which is cytotoxic to fibroblasts and negatively
affects cell proliferation. Previous studies13,28 have shown
that chlorhexidine does not affect the biological structure of
tendon grafts. This effect on tendon grafts may be caused by
the difference in porosity in which bone porosity allows easy
ingress of detergents to the interior of bone. Further
research is needed in the future to clarify the possible
effects of these disinfectants on viable tendon cells. Also,
it is important to note that no viable cells remain after the
incorporation of typical ACL grafts.

There is only 1 systematic review that has comprehen-
sively discussed the treatment strategies for intraoperative
ACL graft contamination,17 and its authors noted that they
believed that chlorhexidine is the best disinfectant for
dropped tendon grafts. However, their investigation
included different concentrations of detergents or steriliza-
tion techniques, and thus, there were no comparable data
available to perform a meaningful meta-analysis. An anti-
biotic solution and povidone-iodine (10%) solution are 2
other common and easily available disinfectants. A
povidone-iodine (10%) solution is an effective antimicrobial
remedy generally used for various purposes, including pro-
phylactic disinfection and wound irrigation. Soyer et al29

recommended using a 10% povidone-iodine solution to ster-
ilize bone grafts but indicated that there must be sufficient
exposure time according to the degree of contamination.
However, Stanford et al30 demonstrated that the exposure
of contaminated grafts to a 10% povidone-iodine solution
for 30 minutes resulted in incomplete sterilization.

In the present study, the dropped ACL grafts treated
with the antibiotic solution had a 10.8% positive culture

rate, which showed a better disinfection effect than the
10% povidone-iodine solution. Similarly, Yaman et al34

demonstrated that keeping contaminated graft materials
in an antibiotic solution for specific periods yielded favor-
able outcomes. However, the ingredients of the antibiotic
solutions included in the present study are not consistent;
they consisted mainly of gentamicin, clindamycin, poly-
myxin, and bacitracin. Although vancomycin was proven
to be an effective antibiotic for disinfecting ACL grafts,22,23

none of the studies included vancomycin. Schüttler et al27

used a porcine tendon model and demonstrated that 100%
of the tendon contaminated by Staphylococcus epidermidis
was effectively disinfected with vancomycin after 20 min-
utes. Perez-Prieto et al22 performed a prospective con-
trolled study and found that ACL graft harvest and
manipulation caused bacterial contamination in 14% of
cases but that contamination can be eliminated entirely
after a soak in a vancomycin solution. Consistent with
Perez-Prieto et al, another controlled observational study
with 1585 patients by Phegan et al23 concluded that pre-
soaking of hamstring grafts with topical vancomycin dur-
ing ACL reconstruction might reduce the postoperative
infection rate. However, Deijkers et al11 believed that irri-
gating contaminated grafts with an antibiotic solution had
no benefit because the exposure time was not sufficient
enough to make antibiotics effective.

Although the pooled results of the studies in the present
meta-analysis showed that the antibiotic solution had an
inferior sterilization effect on ACL grafts, we speculate that
the difference is because of the inconsistent sensitivity of
different microorganisms to antibiotics. Therefore, we
believe that antibiotics sensitive to staphylococci and bacilli
may be more suitable for the disinfection of dropped ACL
grafts. Of course, further research should focus more on
comparing the decontamination efficiency of vancomycin,
4% chlorhexidine, and 10% povidone-iodine.

Limitations

There are several limitations to this systematic review and
meta-analysis. First, there was little uniformity across all
studies in reporting cleaning methods after ACL grafts
were contaminated. Additional procedures were performed
in all the included studies, and thus, the effect of cleaning
methods such as mechanical washing and rinsing could not
be assessed. Second, the graft choice was variable among
the included studies: A hamstring tendon autograft was
used in 3 studies, while a bone–patellar tendon–bone graft
was used in 3 other studies and ACL specimens in 1 more
study. It has been proven that different grafts have differ-
ent mechanical properties and clinical prognoses.9,26 How-
ever, in the present meta-analysis, we considered that the
varied graft choice might have a negligible effect on the
contamination event caused by the graft’s falling on
the operating room floor. Moreover, we should also
acknowledge the presence of bone in bone–patellar ten-
don–bone grafts.

A third limitation is that the components of the antibiotic
solutions among the included studies were varied, and this
aggregation may overlook some important information.
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That said, it is challenging to collect efficient data because
of the large difference in antibiotics involved in the studies,
and no studies used vancomycin, which has been shown to
be effective in reducing ACL infection rates.32 Fourth, the
endpoint of the included studies was positive culture
growth. However, it is noteworthy that positive culture
results do not necessarily indicate that a clinical infection
will develop.5,14 Data from these in vitro laboratory results
could be extrapolated to clinical practice, but caution
should be exercised. Although the present meta-analysis
did not address the long-term infection risk associated with
reimplanting contaminated grafts in humans, we believe
that the culture-positive growth from the surgical environ-
ment could be considered a reasonable indicator for the risk
of future infections.

CONCLUSION

The present systematic review and meta-analysis results
demonstrated that the contamination of dropped ACL
grafts during ACL reconstruction occurred at a relatively
high rate, with staphylococci and bacilli being the most
common microorganisms in dropped ACL grafts. Decon-
tamination using a 4% chlorhexidine solution reliably dis-
infected ACL grafts that dropped on the operating room
floor, with a disinfection rate of 97.7%. Based on the current
data, we recommend disinfecting with a 4% chlorhexidine
solution and reimplanting ACL grafts. This information
can guide sports medicine surgeons to decide on appropri-
ate remedial measures in similar dilemmas.
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APPENDIX

TABLE A1
Disinfectants, Sterilization Methods, and Outcomes of Included Studiesa

Lead
Author
(Year)

Contamination
Method Disinfectants

Cleaning
Method

Outcome
Evaluation

No. of Positive Cultures/
Total: Types of
Microorganisms

Molina19

(2000)
Dropped on the floor

for 15 s
� Untreated
� Antibiotic solution (40 mg of

neomycin sulfate and 200,000 U
of polymyxin B sulfate in 1000
mL of sterile saline)

� 10% povidone-iodine solution
� 4% chlorhexidine solution

Immersion for
90 s

Culture � 29/50: Staphylococcus,
Bacillus

� 3/50: Bacillus,
Clostridium

� 12/50: Bacillus,
Staphylococcus

� 1/50: gram-negative rods
Plante24

(2013)
Dropped on the floor

adjacent to the
surgical field for 15 s

� Uncontaminated graft after
harvest

� Graft dropped on the floor for 5 s
� Graft dropped on the floor for 15 s
� Saline solution
� Bacitracin solution (50,000 U/L

of normal saline)
� 4% chlorhexidine solution

Soak for 3 min Culture � 7/30: S aureus, viridans
streptococci

� 10/30: S aureus
� 7/30: S aureus, nonaureus

staphylococci
� 9/30: S aureus
� 1/30: nonaureus

staphylococci
� 1/30: Bacillus

Badran2

(2016)
Dropped on the floor

adjacent to the
surgical field for 15 s

� Untreated
� 10% povidone-iodine solution
� 4% chlorhexidine solution
� Bacitracin solution (50,000 U/L

of normal saline)

Immersion for 3
min

Culture � 30/60: S epidermidis
� 9/60: S epidermidis, S

aureus
� 0/60: NG
� 2/60: S epidermidis,

Acinetobacter
Parker21

(2008)
Determined bacterial

flora on the
operating room floor
and contaminated
in a bacterial
suspension for 15 s

� Untreated
� Antibiotic solution (166.66 U/mL

of polymyxin B and 16.66 U/mL
of bacitracin)

� Pulsatile lavage with antibiotic
solution

� Mechanical agitation and serial
dilution with antibiotic solution

Soak/pulsatile
lavage/
mechanical
agitation and
serial
dilution for
15 min

Semiquantitative
culture

� 10/10 (81 CFU):
Staphylococcus, Bacillus

� 10/10 (17.4 CFU):
Staphylococcus, Bacillus

� 4/10 (0.6 CFU):
Staphylococcus, Bacillus

� 0/10 (0 CFU): NG

Cooper10

(1991)
Dropped on the

operating room floor
for 3 min

� Untreated
� Antibiotic solution (33.33 U/mL

of bacitracin and 333.33 U/mL of
polymyxin B)

Soak/rinse for
15 min

Culture � 6/10: diphtheroids,
Bacillus

� 3/10: S epidermidis,
diphtheroids

Barbier4

(2015)
Dropped on the

operating room floor
for 15 s

� Untreated
� 4% chlorhexidine gluconate

solution
� 10% povidone-iodine solution
� 0.5 g/100 mL sodium

hypochlorite solution

Immersion for
15 min

Culture � 10/25: Staphylococcus
� 2/25: Aerococcus

sanguinicola, S aureus, S
epidermidis

� 1/25: S capitis
� 4/25: S hominis, S capitis,

S warneri
Goebel12

(1994)
Contaminated for 20 s

each with 2 different
species of coagulase-
negative
staphylococci

� Untreated
� 10% povidone-iodine solution
� Antibiotic solution (0.1%

gentamicin, 0.1% clindamycin,
0.05% polymyxin)

� 4% chlorhexidine solution

Soak for 30 min Culture � 6/6: coagulase-negative
staphylococci

� 8/8: Staphylococcus
� 8/8: S capitis, coagulase-

negative staphylococci
� 0/8: NG

aCFU, colony-forming unit; NG, no growth.
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