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Background: The use of long sleeves by nonscrubbed personnel in the operating room has been called into
question. We hypothesized that wearing long sleeves and gloves, compared with having bare arms without
gloves, while applying the skin preparation solution would decrease particulate and microbial contamination.
Methods: A mock patient skin prep was performed in 3 different operating rooms. A long-sleeved gown
and gloves, or bare arms, were used to perform the procedure. Particle counters were used to assess air-
borne particulate contamination, and active and passive microbial assessment was achieved through air
samplers and settle plate analysis. Data were compared with Student’s t-test or Mann-Whitney U, and
P < .05 was considered to be significant.
Results: Operating room B demonstrated decreased 5.0- μm particle sizes with the use of sleeves, while
operating rooms A and C showed decreased total microbes only with the use of sleeves. Despite there
being no difference in the average number of total microbes for all operating rooms assessed, the use of
sleeves specifically appeared to decrease the shed of Micrococcus.
Conclusion: The use of long sleeves and gloves while applying the skin preparation solution decreased
particulate and microbial shedding in several of the operating rooms tested. Although long sleeves may
not be necessary for all operating room personnel, they may decrease airborne contamination while the
skin prep is applied, which may lead to decreased surgical site infections.

© 2017 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.

Wearing surgical scrubs in the operating room has been standard
since the middle of the 20th century. Multiple studies have evaluated
the type of fabric used for scrubs, as well as whether the cuffs and ankles
should be tucked in, whether boots should be worn, and where the
scrubs should be laundered.1–4 However, the use of only certain ar-
ticles of surgical clothing, such as sterile gloves and impervious surgical
gowns, has been shown to reduce surgical site infections.5–9 In fact, the
most beneficial factor in the modern operating room has been the de-
velopment of appropriate and effective ventilation strategies, which help
cleanse the air and reduce bacterial load.10,11

Although much attention has been devoted traditionally to the
immediate bedside surgical team, concerns regarding overall op-
erating room cleanliness have shifted the focus to other care
members within the clean space. Previous studies have revealed that
simple movements by operating room personnel can generate a fairly
large number of airborne particles.12 In 2004, the Association of
periOperative Registered Nurses (AORN) began to recommend that
long sleeves be worn by these personnel under the premise that
the long sleeves would capture epithelial skin cells, which tend to
carry bacteria.13 They thought that this practice might reduce sur-
gical site infections. Furthermore, the current policy recommendation
from AORN is that the individuals who apply antibacterial skin prep
immediately prior to surgery do so wearing long sleeves and gloves.14

These “sleeves” are typically warm-up jackets or nonsterile gowns.
Studies with clothed and unclothed individuals in the operat-

ing room suggested that clothed individuals may actually disperse
more bacteria.15 The theory surrounds the notion that the friction
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of the clothes increases skin cell and bacterial dispersal. Given the
conflicting data in the literature regarding the effectiveness of
wearing long sleeves while performing skin preparation before
surgery, we elected to review several environmental quality indi-
cators. We hypothesized that wearing a long-sleeved gown and
gloves during skin prep would decrease airborne contaminants, com-
pared with standard scrubs with bare arms exposed.

METHODS

Study design

An experimental study was performed to assess the utility of
long-sleeved gowns and gloves in reducing the particle and bac-
terial load over the operating room table during standard
preoperative skin prep. Two experimental groups were studied:
“Sleeves,” in which the prepping individual wore a long-sleeved
sterile gown with sterile gloves; and “Bare Arms,” in which the prep-
ping individual did not wear a long-sleeved gown or gloves. Particle
contamination as well as bacterial load were assessed (see below).

Location

In order to better translate the results of this study across mul-
tiple institutions, one operating room at each of 3 hospitals was used
for experimentation. Two operating rooms were within academic
medical centers (A and B), and one was an outpatient surgery center
(C). All had high-efficiency particulate air (HEPA) filtration systems
and measured 638, 554, and 415 square feet, respectively. All rooms
were maintained at approximately 25 air changes per hour for the
study. Studies took place from February to July of 2017.

Personnel

The study team consisted of a surgeon, a microbiologist, 2
engineers specializing in heating, ventilation, and air condition-
ing, and an industrial air hygienist. The surgeon, microbiologist,
one engineer, and the air hygienist were present in the room
during the studies. The surgeon was responsible for performing

the mock prep procedure; the microbiologist and engineer de-
ployed and monitored the surface air samplers and settle plates
to collect bacterial data; and the air hygienist monitored the
particle counter for particle assessment. The microbiologist, engi-
neer, and air hygienist approached the operating room table only
to tend to their equipment, and then backed slowly away to the
periphery of the room. The additional engineer was outside of the
operating room and insured that the room temperatures and air
velocities were consistent throughout the procedures and between
sites. Study personnel wore standard, hospital-issued, clean scrubs,
masks, head covers, and shoe covers.

Mock prep of patient

A mock skin prep procedure was designed to cover the area of
the operating room table, in the location where a normal adult pa-
tient’s abdomen would be during surgery (Fig 1). An actual patient
was not utilized, so that instrumentation could be in the sterile field,
and to avoid contamination of the sterile field with the patient’s
native flora. Additionally, we wanted to ensure that we measured
only the flora of the prepping person. The mock skin prep lasted
11 minutes, to allow adequate capture of environmental contami-
nants. During that time, the prepping surgeon (TAM) held a
chlorhexidine skin prep stick and moved his hands back and forth
over the patient in a fashion similar to what would be done for a
routine skin prep for surgery. The mock skin prep encompassed the
whole prep zone (Fig 1). In each of 3 operating rooms, a total of 4
experiments were performed. In 2 of these experiments, the prep-
ping surgeon wore a sterile gown and gloves that were provided
by the institution (Sleeves). In the other 2 experiments, only the
scrubs were worn, without a jacket, gown, arm covers, or gloves
(“Bare Arms”). Experiments were alternated—Sleeves, Bare Arms,
Sleeves, Bare Arms—at each institution. A total of 6 experiments with
Sleeves, and 6 with Bare Arms were performed for the entire study.

Particles

Particle contamination was measured using a Climet Model CJ-
750T 75 LPM particle counter. The particle counter was placed

Fig 1. Instrument setup in the operating room for assessing airborne contaminants while prepping patients prior to surgery.
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directly to the right of the patient bed (Fig 1) and sampled total par-
ticles continuously for each minute during the 11-minute prep
experiment. Given that 2 experiments were performed for Sleeves
and Bare Arms at each of the 3 hospitals (total of 6 experiments
for Sleeves and 6 experiments for Bare Arms), this provided 66 par-
ticle data points for Sleeves, and 66 for Bare Arms. Particle sizes
recorded were 0.3, 0.5, 1.0, and 5.0 microns in particles per cubic
meter.

Bacteria

Active bacterial assessment was achieved through the use of Bio-
science viable surface air samplers (SAS180). These devices were
placed in triplicate in the center of the prep zone (Fig 1). The sam-
plers were factory calibrated and set to collect 1000 liters of air over
a 5.5-minute period of time. Petri plates with Blood Agar media were
used in the samplers and were changed once during each run of
the experiment (6 experiments for Sleeves and 6 for Bare Arms yields
36 total agar plates for Sleeves, and 36 for Bare Arms). The viable
microbial samples were sent under chain of custody to a third-
party microbiology laboratory (Aerobiology) for qualitative and
quantitative analysis of bacteria. This laboratory has been accred-
ited by the American Industrial Hygiene Association and served as
a third-party vendor for bacterial analysis. Bacterial genuses were
identified by this vendor and were quantified as colony-forming units
per cubic meter.

Passive microbial assessment was achieved by placing 4 blood
agar settle plates around the sterile field and allowing them to collect
microbes and debris that dropped throughout the 11-minute prep
period (n = 4 per experiment, times 6 experiments for Sleeves; and
6 experiments for Bare Arms yields n = 24 total settle plates for
Sleeves, and 24 for Bare Arms). Settle plates were analyzed by the
team’s microbiologist and quantified as colony-forming units per
plate (CFU/plate).

Statistics

All statistical analysis was done using GraphPad Prism 7
(GraphPad Software, La Jolla, CA). Data were assessed for normal-
cy by the Shapiro-Wilk and the KS normality tests and reported as
the mean with SEM (parametric), or median with interquartile range
(nonparametric). Data were compared using the Student’s t-test
(parametric) or Mann-Whitney U test (nonparametric). P-values less
than .05 were considered statistically significant.

RESULTS

Particles

No significant differences were noted in particle sizes when
Sleeves or Bare Arms were assessed in operating rooms A or C.
However, in operating room B, a significantly lower amount of the
larger 5.0-μm particles was seen when Sleeves were used (Sleeves:
5.0-μm particles totaled 514 [interquartile range {IQR} 533] vs. Bare
Arms at 780 particles [IQR 367], P < .05). When particle counts from
all 3 hospital operating rooms were averaged, the significant dif-
ference at this 5.0-μm particle size persisted (Sleeves at 347 [IQR
290] vs. Bare Arms at 507 [IQR 340], P < .05, Fig 2).

Bacteria

Total airborne bacteria in each of the operating rooms were as-
sessed. Operating rooms A and C had significantly lower airborne
bacteria collected by active assessment when Sleeves were worn
(operating room A: Sleeves, 10.0 ± 0.98; Bare Arms, 22.75 ± 3.27,

P < .05; operating room C: Sleeves, 44.33 ± 8.04; Bare Arms,
98.92 ± 18.66, P < .05). Operating room B yielded no significant dif-
ference when sleeves were worn, compared with bare arms. When
all airborne bacteria were averaged from the 3 operating rooms, no
difference was found in bacterial count between Sleeves and Bare
Arms (Fig 3).

Although no significant differences were found in actively as-
sessed bacteria when the 3 hospital operating rooms were averaged,
a significant difference was found in identified bacterial genus. Co-
agulase negative Staphylococcus, Micrococcus, and Corynebacterium
were identified most commonly on each plate. However, only Mi-
crococcus was seen significantly less when sleeves were worn,
compared to when the arms were bare (Table 1). Assessing bacte-
ria by passive settle plate analysis yielded no differences between
the Sleeve and Bare Arm groups in any of the operating rooms tested
(Fig 4). When settle plate CFUs were averaged for all 3 operating
rooms, groups showed no differences.

DISCUSSION

Nonscrubbed operating room personnel were previously told to
be “bare below the elbows,” and were not allowed to wear long-
sleeve jackets, watches, jewelry, or other accessories, as these items
were viewed as a possible sources of infection spread.5 However,
in 2004, the fear of operating room personnel shedding skin squa-
mous cells prompted AORN to reconsider this strategy. In the 2004
guidelines, AORN began recommending that long sleeves be worn
by all nonscrubbed personnel, suggesting that long sleeves capture
skin squames and decrease bacterial contamination.16 Because of
these claims, the recommendation was made that those charged
with applying the skin preparation solution to the patient imme-
diately before surgery wear long sleeves and gloves.14 The rationale
for this practice was that it would decrease skin cell and microbial
flora at the surgical site. Despite these recommendations, strong sci-
entific evidence to justify or refute these practices is lacking. Herein,
we saw that large-particle counts and airborne bacteria were sig-
nificantly decreased when a long-sleeved gown and gloves were
worn during skin prep.

Previous reports assessing types of scrubs worn in the operat-
ing room have evaluated the material, as well as whether boots are
worn, and whether the scrubs are tucked in, cover the arms, and
have tight-fitting cuffs at the arms and ankles. In this study, a 50%
reduction in airborne CFUs was identified when the scrubs were
tucked in and the cuffs were tight. However, the rate of wound con-
tamination did not differ between the 2 groups, and surgical site
infections were not reported.17

The concern regarding prepping a patient for surgery with bare
arms was that skin squamous cells or bacterial flora from the person
prepping could fall onto the patient, thereby causing a surgical site
infection in the postoperative period. However, previous studies have
also suggested that the friction of a long-sleeved garment pro-
motes further shedding of skin cells. This claim was counter to
traditional dogma, and was noted in a study in which bacterial dis-
persal rates were compared between naked and dressed subjects.
Here, the addition of scrubs actually increased the dispersal of aerobic
and anaerobic CFUs.15 Therefore, the data on use of long sleeves for
skin preparation remain inconsistent.

In our study, we saw decreased 5.0-μm particles when a sterile,
sleeved gown was worn with sterile gloves to prep the patient. This
phenomenon was seen at only one hospital, but it was a strong
enough factor to outweigh the results from the other 2 facilities,
so that when all operating rooms were combined, it remained sig-
nificant. Given that the larger particles are more synonymous with
skin squamous cells, these results suggest that the gowns in oper-
ating room B more effectively blocked the shed of skin cells onto
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Fig 2. Particle counts in each of the 3 hospital operating rooms assessed individually and combined. *P < .05 versus Bare Arms.

Fig 3. Airborne bacterial contaminants within each of the 3 hospital operating rooms acquired by active assessment. *P < .05 versus Bare Arms.
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the field. The other particles were smaller in nature, and likely could
have passed through the small pores of the gowns more readily.

Total bacteria levels, as acquired by active assessment, were also
lower when sterile gowns and gloves were used. This observation
was seen at 2 of the 3 operating rooms assessed, but not at the third.
The reason this finding did not occur in operating room B is unclear.
Despite the lack of difference in the average number of total bac-
teria between Sleeves and Bare Arms, when acquired by active
assessment, some differences were found in the genuses of bacte-
ria identified. We noted that levels of Micrococcus were significantly
decreased when sleeves were worn. In subanalysis, this phenom-
enon was seen at operating rooms A and C, but not B.

A 2017 prospective study suggested that the most common or-
ganisms in aerodigestive-related surgical site infections are
Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Pseu-
domonas aeruginosa, Bacteroides fragilis, Staphylococcus aureus, and
Enterococcus faecalis.18 Additionally, other studies suggest that
coagulase-negative Staphlococcus play import roles in device or
implant infections.19–21 Our analysis of operating room bacteria sug-
gested that skin flora, including coagulase-negative Staphlococcus,
Micrococcus, and Corynebacterium, were the most prominent bac-

teria in the room. Although Staphlococcus species have certainly
shown pathogenicity, the other 2 are unlikely to result in surgical
site infections. Additionally, although the different operating room
environments could have contributed to the differences seen in our
results, we did perform baseline testing at each site prior to the study
and noted many of these same bacteria prior to experimentation.
We felt that 3 sites were necessary to increase the generalizability
of the results to other institutions.

Vigorous studies of the operating room environment designed
to assess contamination risk and best practices have been limited.
Many groups, including the Joint Commission, turn to AORN to set
perioperative guidelines. Unfortunately, many of the studies used
to justify policy lack vigorous scientific credibility, and many experts
believe that additional studies are necessary to determine best
practice.22,23 To provide additional objective scientific data, our group
has developed an assessment of various metrics, known as envi-
ronmental quality indicators, within dynamic operating room
environments, to address these issues.10,24 These studies have used
real operating rooms during a mock procedure, to assess bacterial
and particulate load as a surrogate for assessing the risk of surgi-
cal site infections.

Table 1
Bacterial isoforms isolated from operating rooms

Coag (−) Staph Coag (+) Staph Micrococcus * Bacillus Corynebacterium Other gram (+) cocci Gram (−) rods Gram (+) rods Yeast

Bare arms
Minimum 1 0 0 0 0 1 0 0 1
25% percentile 3.25 0 6.5 0 0 1 0 0 1
Median 6.5 0 14 0 1.5 1 0.5 0 1
75% percentile 30.75 0 19 0 4 1 1 0 1
Maximum 203 6 142 2 17 1 1 0 1
Sleeves
Minimum 0 0 2 0 0 1 0 0 1
25% percentile 5 0 4 0 0 1 0 0 1
Median 9 0 6 0 1 1 0 0 1
75% percentile 19.75 0 8 0 7 1 0 0 1.5
Maximum 66 1 17 2 17 1 0 1 2

*Significant difference between Bare Arms and Sleeves groups.

Fig 4. Airborne bacterial contaminants within each of the 3 hospital operating rooms acquired by passive settle plate assessment. *P < .05 versus Bare Arms.
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The results of these experiments suggest that wearing a gown
with gloves while applying the sterile skin prep to patients before
surgery may have some benefit. In our study, we saw decreased large
particles and lower levels of bacteria when sleeves were worn. Al-
though wearing a sleeved garment may not be indicated for all
operating room personnel, it may hold some therapeutic benefit for
those prepping the skin for surgery.

LIMITATIONS

This study has several limitations that should be noted. First, our
experiments were performed during a mock procedure rather than
during real operations with patients. We feel that performing these
experiments during patient operations is unethical. However, the
conditions of the mock procedure were very similar to that of a real
skin preparation, and therefore, the data are likely generalizable to
real surgery conditions.

An additional limiting factor to this study was that it was not
blinded or randomized. Therefore, those involved in the experi-
ments were aware that a sleeve versus bare arm study was being
conducted, so bias may be a factor. A third limitation surrounds
the length of each experiment. Most real skin preps take only a
few minutes to perform. Therefore, the 11 minutes used in the
experiment may be excessive. However, we wanted to ensure
adequate capture of data points for the study. Given that the air
samplers ran for 5.5 minutes, the 11-minute length was necessary
to capture 2 replicates. Despite the aforementioned limitations,
we feel that this study represents the best scientific attempt to
assess the utility of wearing a sleeved gown while performing a
sterile skin prep.

We also realize that numerous brands of gowns and gloves are
available on the market. Some of these may perform better than
others in reducing microbial and particulate airborne shedding and
contamination. The analysis of specific brands of gowns and gloves
was beyond the scope of this study and could be a topic of consid-
eration in additional studies. Furthermore, the gowns and gloves
worn during these experiments were sterile. It is unclear if wearing
a nonsterile jacket or gown with nonsterile gloves would have af-
fected the results.

CONCLUSIONS

The use of long sleeves by nonscrubbed personnel in an oper-
ating room is controversial. Policy has changed several times over
the years surrounding the use of long-sleeved garments. Unfortu-
nately, the scientific data to support either policy have been
lacking. Through the use of specific environmental quality indica-
tors, we determined that use of a sterile sleeved gown and gloves
significantly decreased particle and microbial contamination at
the area of skin prep. Although we cannot correlate our findings
to surgical site infections, the use of long-sleeved gowns and
gloves for the application of the presurgical skin prep should be
considered. Furthermore, future studies surrounding the use of
implementation science methodologies should be undertaken to
more credibly relate the use of long-sleeved gowns to surgical site
infections.
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