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Surgical instruments, including hinged instruments, were inoculated
with test microorganisms (ie, methicillin-resistant Staphylococcus au-
reus, approximately colony-forming units [cfu]; Pseudo-62 # 10
monas aeruginosa, approximately cfu; Escherichia coli, ap-63 # 10
proximately cfu; vancomycin-resistant enterococci,52 # 10 1 #

cfu; Geobacillus stearothermophilus spores, cfu or more;5 510 2 # 10
or Bacillus atrophaeus spores, cfu or more), coated with an49 # 10
oil-based lubricant (hydraulic fluid), subjected to a sterilization pro-
cess, and then samples from the instruments were cultured. We
found that the oil-based lubricant did not alter the effectiveness of
the sterilization process because high numbers of clinically relevant
bacteria and standard test spores (which are relatively resistant to
the sterilization process) were inactivated.
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In 1996 in the United States, approximately 46,500,000 sur-
gical procedures and even more invasive medical procedures
were performed.1 Each of these procedures involved contact
between a medical device or surgical instrument and a pa-
tient’s sterile tissue or mucous membranes. Failure to prop-
erly disinfect or sterilize equipment carries a risk of infection
due to residual microbial contamination. Thus, achieving dis-
infection and sterilization is essential for ensuring that med-
ical and surgical instruments do not transmit pathogens to
patients.2 This investigation assessed the efficacy of sterili-
zation processes when medical and surgical equipment was
experimentally contaminated with high numbers of micro-
organisms and then coated with an oil-based lubricant (hy-
draulic fluid) before sterilization.

methods

Surgical instruments were inoculated with test microorgan-
isms, coated with hydraulic fluid (provided by Duke Uni-
versity), subjected to a sterilization process, and then samples
from the instruments were cultured. The following strains of
test microbes were purchased from the American Type Cul-
ture Collection (ATCC): methicillin-resistant Staphylococcus
aureus, ATCC strain 29213; Pseudomonas aeruginosa, ATCC
strain 27853; Escherichia coli, ATCC strain 25922; and van-
comycin-resistant enterococci, ATCC strain 51299. The Geo-
bacillus stearothermophilus spores were provided by Advanced

Sterilization Products, and the Bacillus atrophaeus spores were
purchased from North American Science Associates or were
laboratory-prepared using standard methods.3-5

The used hydraulic fluid was a petroleum product that
consisted of refined mineral oil (more than 98%). The hy-
draulic fluid was assessed for sterility by placing aliquots on
5% sheep blood agar plates, incubating, and monitoring for
growth. No bacterial or fungal growth was observed. Test
items consisted of heat-resistant material (stainless steel sur-
gical knife handles [Pilling Weck Surgical], number 10 stain-
less steel surgical blades [Personna; American Safety Razor
Company], vaginal specula [V. Mueller Products; Cardinal
Health], Stille-Luer rongeurs [KMedic], hemostatic forceps
[Pilling], and Kerrison rongeurs [Aesculap]) and heat-sen-
sitive material (plastic syringe barrels [Becton, Dickinson]).
These items were inoculated with 10 mL of microbial sus-
pension in growth medium (trypticase soy broth), either
methicillin-resistant S. aureus (approximately col-62 # 10
ony-forming units [cfu]), P. aeruginosa (approximately 3 #

cfu), G. stearothermophilus spores ( cfu or more),6 510 2 # 10
E. coli (approximately cfu), vancomycin-resistant en-52 # 10
terococci (approximately cfu), or B. atrophaeus51 # 10
spores ( cfu or more). After inoculation with the mi-49 # 10
crobial suspension in growth medium, the inoculated instru-
ments were allowed to air dry for 1 hour (knife handles,
scalpel blades, and medical and surgical instruments) or 2
hours (plastic syringes).

In the initial series of experiments (Table 1), after the sur-
gical knife handles or plastic syringe barrels had dried, they
were then coated with 20 mL of hydraulic fluid and placed
in a self-sealing package or in a wrapped tray and processed
by either steam sterilization (prevacuum, 132�C for 4 minutes;
Amsco Century V-120 Prevacuum Steam Sterilizer, Steris) or
ethylene oxide sterilization (100% ethylene oxide; Amsco Ea-
gle 3017 EO Sterilizer, Steris). After sterilization, each inoc-
ulated instrument was aseptically placed in a sterile glass test
tube with 35 mL of trypticase soy broth, allowed to shake
for 1 hour, and vortexed; then the trypticase soy broth was
filtered using a 0.22 mm–pore sterile filter (Fisher Scientific).
The filters were placed on sheep blood agar and incubated
at 37�C for 48 hours, and microbial growth was recorded. In
the final spore tests, the inoculated instruments were swabbed
after the trypticase soy broth was filtered to verify that spores
did not adhere to the inoculated instruments. These swabs
were then placed in 3 mL of trypticase soy broth and incu-
bated 48 hours at 37�C or 53�C (depending on the spore
being tested), along with the test filters. The spores were also
processed in an open, wrapped tray (1 test of 5 inoculated
instruments) to verify that the test organisms were not re-
moved by the process of placing the instruments in peel packs.
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table 1. Impact of Hydraulic Fluid on the Effectiveness of Steam Sterilization and
Ethylene Oxide Sterilization

Organism, method of sterilization
Mean inoculum,

cfu per instrument
No. of

tests

Proportion of
cultures with

positive resulta

Geobacillus stearothermophilus spores
Steam (sterilization pouch) 1.51 # 105 7 0/31
Steam (wrapped open tray) 2.91 # 105 2 0/10

MRSA
Steam 2.24 # 106 4 0/8
Ethylene oxide 2.25 # 106 3 0/6

Pseudomonas aeruginosa
Steam 3.50 # 106 3 0/6

Bacillus atrophaeus spores
Ethylene oxide (sterilization pouch) 2.34 # 105 1 0/10
Ethylene oxide (wrapped open tray) 2.34 # 105 1 0/5

Total 21 0/76

note. Items inoculated before sterilization included stainless steel knife handles (steam sterili-
zation) and plastic syringe barrels (ethylene oxide sterilization). MRSA, methicillin-resistant Staph-
ylococcus aureus.
a No. of positive cultures / no. of inoculated instruments tested.

table 2. Ability of Sterilization to Inactivate Test Organisms on Surfaces Covered With Hydraulic Fluid

Location of inoculation, organism
Method of
sterilization

Mean inoculum,
cfu per

instrument
Mean log10

reduction, cfu
No. of

tests

Proportion of
cultures with

positive resulta

Scalpel bladesb

Geobacillus stearothermophilus spores Steam 2.32 # 106 6.34 3 0/15
Bacillus atrophaeus spores Ethylene oxide 1.66 # 108 8.14 3 0/15

Nonexposed areas of surgical instrumentsc

G. stearothermophilus spores Steam 1.70 # 106 6.23 3 0/12
B. atrophaeus spores Ethylene oxide 9.08 # 104 4.21d 3 10/12
Escherichia coli Ethylene oxide 1.98 # 105 5.30 1 0/4
VRE Ethylene oxide 1.28 # 105 5.11 1 0/4
MRSA Ethylene oxide 1.87 # 106 6.27 1 0/4

note. The following instruments (and specific sites) were tested: Kerrison rongeur (closed clasper), Stille-Luer rongeur (closed hinge),
vaginal speculum (under thumb screw), and hemostatic forceps (closed hinge). MRSA, methicillin-resistant Staphylococcus aureus; VRE,
vancomycin-resistant Enterococcus.
a No. of positive culture results / no. of inoculated instruments tested.
b Organisms inoculated on scalpel blades were placed in a lumen test unit (40 cm in length and 1 mm in diameter).
c Such as a closed-hinge area.
d Mean log10 reductions were as follows: Kerrison rongeur, 4.61 colony-forming units (cfu) ; Stille-Luer rongeur, 3.95 cfu; vaginal speculum,
not calculable because 2 of 3 replicates had more than 300 cfu; and hemostatic forceps, 4.08 cfu.

Negative and positive controls were assessed for each
experiment.

In the second series of experiments (Table 2), scalpel blades
were inoculated with 10 mL of the bacterial suspension
( of G. stearothermophilus spores and6 82.32 # 10 1.66 # 10
of B. atrophaeus spores), allowed to air dry, and then coated
with the hydraulic fluid (20 mL) and placed in lumen test
units, as described elsewhere,6 and processed by either steam
or ethylene oxide sterilization. After sterilization, each in-
oculated instrument was aseptically placed in a sterile tube
of trypticase soy broth (10 mL), vortexed, incubated, and
evaluated for growth of test organisms.

In the final series of experiments (Table 2), 10 mL of the
bacterial inoculum was placed in the open crevice of a medical
device (ie, Stille-Luer rongeur, vaginal speculum, hemostatic
forceps, and Kerrison rongeur), which was allowed to air dry
and then coated with 20 mL of hydraulic fluid. The hinged
area of the Kerrison rongeur, Stille-Luer rongeur, and he-
mostatic forceps was then closed, and the thumb screw of
the vaginal speculum was tightened. The medical instruments
were processed by either steam sterilization or ethylene oxide
sterilization. After sterilization, each device was aseptically
placed in an immersion bath that contained 400 mL of tryp-
ticase soy broth and shaken on a clinical rotator for 1 hour
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at 110 rpm; the broth was then filtered and evaluated for
bacterial growth.

results

After sterilization, samples obtained from experimentally
contaminated surgical instruments coated with hydraulic
fluid were all negative on culture (Table 1). Experimentally
contaminated surgical blades coated with hydraulic fluid were
placed into lumen test units that were 40 cm in length, 1
mm in diameter, and hollow, with a removable 5-cm-long
center piece in which the scalpel blade was placed. Complete
inactivation of all test organisms (ie, of G. stear-62.32 # 10
othermophilus spores and of B. atrophaeus spores)81.66 # 10
was achieved for both steam and ethylene oxide sterilization
(Table 2).

Sterilization of instruments that had had an inoculum
placed in a crevice, coated with hydraulic fluid, and then
occluded revealed complete elimination of all vegetative bac-
teria. Steam sterilization completely eliminated G. stearoth-
ermophilus spores (more than 6-log10 reduction), and ethylene
oxide achieved a approximately 4-log10 reduction of B. atro-
phaeus spores (Table 2). Samples from 10 (83%) of 12 medical
instruments were positive for B. atrophaeus when inoculated
with B. atrophaeus spores and coated with hydraulic fluid and
exposed to an ethylene oxide sterilization cycle, compared
with 8 (62%) of 13 instruments that were positive for B.
atrophaeus when inoculated with B. atrophaeus spores and
not coated with hydraulic fluid ( , 2-tailed t test). Thus,P 1 .05
hydraulic fluid did not affect the ability to sterilize the surgical
or medical instruments with ethylene oxide under these rigid
test conditions (ie, spores placed in inaccessible locations).

discussion

Lubricants are used in health care to lubricate the moving
parts of dental, medical, or surgical instruments.7 Clean in-
struments may be immersed in a water-soluble lubricant so-
lution, a process referred to as “milking.” However, the lu-
bricant used in this study was an oil-based product, as
opposed to the water-soluble product used in “milking.”
Some recommendations state that silicone or oil-based lu-
bricants should not be used or should only be used for specific
applications by the device manufacturer.7,8 The belief behind
such recommendations is that these lubricants will interfere
with sterilization. To our knowledge, only 1 study has been
published that supports this theory.9 This study found that
the D values (ie, the time required at a specific temperature
to destroy 90% of the microorganisms) were longer for oil-
coated spores than for non–oil-coated spores on spore strips
(0.7 and 0.2 minutes at 132�C, respectively, and 3.4 and 2.4
minutes for ethylene oxide, respectively). Our results dem-
onstrate the robustness or the huge margin of safety asso-
ciated with these sterilization processes when applied to med-

ical and surgical instruments with relatively resistant spores
and a high number of pathogenic bacteria.10

When a sterile processing department unintentionally
washed surgical instruments in hydraulic fluid instead of de-
tergent, we investigated whether the oil-based fluid would
alter the effectiveness of the sterilization process. In these
laboratory experiments, we found that coating microorgan-
isms with hydraulic fluid did not alter the effectiveness of the
steam sterilization process because high numbers of clinically
relevant bacteria and standard test spores (relatively resistant
to the sterilization process) were completely inactivated. Fur-
thermore, steam achieved complete inactivation of a high
number of spores that were coated with hydraulic fluid, even
under the stringent conditions of sterilization for items placed
in a narrow device with a long lumen or for instruments with
closed hinged areas. Coating spores and pathogenic bacteria
with hydraulic fluid also did not have an impact on the ef-
fectiveness of the ethylene oxide process when tested in a
lumen test unit or a plastic syringe barrel. Ethylene oxide
significantly reduced the spore inoculum, even under the
stringent condition of inoculation into nonexposed areas of
surgical or medical instruments. Because no statistically sig-
nificant difference was found in the number of positive cul-
ture results for instruments when tested with (10 of 12) or
without hydraulic fluid (8 of 13), hydraulic fluid did not
interfere with the ethylene oxide sterilization process. These
data demonstrate the reduced ability of ethylene oxide to kill
spores on nonexposed areas of surgical or medical instru-
ments,11 compared with the greater robustness of the steam
sterilization process. Previous research has demonstrated that
surgical instruments are most commonly contaminated with
fewer than 100 vegetative bacteria.12,13 Thus, our experiments,
which used much higher numbers of vegetative bacteria, pro-
vided assurance that infection would not result from instru-
ments coated with hydraulic fluid and then sterilized. Further,
hydraulic fluid did not prevent the inactivation of high num-
bers of spores, even when sterilization was challenged by
placement of the inoculated instrument in a long device with
a narrow lumen or placement of the inoculum in the closed
hinged area of a surgical or medical instrument. The use of
high numbers of spores, which are relatively resistant to ster-
ilization, further supports our conclusion that sterilization
was not adversely affected by the hydraulic fluid.
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