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Abstract
Background Positive-pressure exhaust suits cost more
than standard surgical gowns, and recent evidence suggests
that they do not decrease infection risk. As a result, some
hospitals and surgeons have abandoned positive-pressure
exhaust suits in favor of less expensive alternatives. We
propose that in addition to their original purpose of de-
creasing infection rates, positive-pressure exhaust suits
may also improve personal protection for the surgeon and
assistants, perhaps justifying their added costs.
Questions/purposes (1) Do positive-pressure exhaust
suits decrease exposure to particulate matter during TKA?

(2) What areas covered by gowning systems are at risk of
exposure to particulate matter?
Methods Three surgical gowning systems were tested: (1)
surgical gown, face mask, surgical skull cap, protective
eyewear; (2) surgical gown, face mask, surgical protective
hood, protective eyewear; and (3) positive-pressure ex-
haust suit. For each procedure, a cadaver knee was injected
intraarticularly and intraosseously with a 5-mm fluorescent
powder mixed with water (1 g/10 mL). After gowning in
the standard sterile fashion, the primary surgeon and two
assistants performed two TKAs with each gowning system
for a total of six TKAs. After each procedure, three in-
dependent observers graded skin exposure of each surgical
participant under ultraviolet light using a standardized
scale from 0 (no exposure) to 4 (gross exposure). Statistical
analysis was performed using Friedman’s and Nemenyi
tests. The interrater reliability for the independent observ-
ers was also calculated.
Results The positive-pressure exhaust suits had less surgeon
and assistant exposure compared with other systems (p <
0.001). Themedian overall exposure grade for each gowning
system was 4 for System 1 (range, 3–4), 2.5 for System 2
(range, 2–3), and 0 for System 3 (range, 0–0). In pairwise
comparisons between gowning systems, the positive-
pressure exhaust suits had less exposure than gowning Sys-
tem 1 (difference of medians: 4, p < 0.001) and gowning
System 2 (difference of medians: 2.5, p = 0.038). There was
no difference found in exposure between Systems 1 and 2
(difference of medians: 1.5, p = 0.330). When gowning
Systems 1 and 2 were removed, particulate matter was found
in places that were covered such as the surgeon’s beard, lips,
inside the nostrils, behind the protective eyewear around the
surgeon’s eye, and in both eyebrows and eyelashes.
Conclusions The positive-pressure exhaust suits provided
greater personal protection with each procedure than the
other two gowning systems.
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Clinical Relevance With conventional gowns, particulate
matter was found in the surgeon’s eyelashes, under the face
mask around the mouth, and inside the nostrils. Despite
recent evidence that certain types of positive-pressure ex-
haust suits may not decrease infection, there is a clear
benefit of surgeon protection from potentially infectious
and harmful patient substances. Despite their added costs,
hospitals and surgeons should weigh this protective benefit
when considering the use of positive-pressure exhaust suits.

Introduction

Orthopaedic procedures put surgeons and their assistants at
risk for exposure to bloodborne pathogens such as HIV or
hepatitis B/C through splash or dissemination of particulate
matter mist from the patient created by orthopaedic
instruments. These exposures are often unrecognized by
the surgeon and can occur beyond the areas protected by
traditional protection methods.

Negative-pressure body exhaust suits were pioneered
by Dr John Charnley in the 1970s and their use was de-
termined to decrease deep joint infections even further
when compared with conventional pattern clothing [9].
This led to the widespread integration of these suits into
practice with the eventual evolution into the modern
positive-pressure exhaust suits used today. In contrast to
early negative-pressure suits, with both air intake and ex-
haust tubing, positive-pressure systems have air that is
drawn in through a helmet fan and flows out the bottom of
the gown or any other gown opening [20]. Several recent
studies have suggested that body exhaust suits may not
provide more patient protection against microbial con-
tamination when compared with conventional clothing [2,
11, 15]; one study found that positive-pressure suits may,
in fact, increase the risk of infection [7]. Thus, their use and
role in infection prevention remain controversial.

Positive-pressure suits cost more than conventional
gowns, which typically incur negligible costs because they
are often included in surgical draping bundles. Considering
their controversial role in infection prevention and their
increased cost, some hospitals and surgeons are abandon-
ing these suits in favor of less expensive alternatives. It has
been estimated that surgeons have a 42.7%, 34.8%, and
0.54% lifetime risk of acquiring hepatitis B virus, hepatitis
C virus, and HIV, respectively [12]. As a result of this risk,
surgeons are aware of the importance of protecting them-
selves from bloodborne pathogens, but much of this has
focused on preventing sharps and needlestick injuries. In-
creased attention to the importance of protection by pre-
venting mucous membrane exposure is warranted. Studies
have shown that a single viral HIV particle can transmit the
virus, and hepatitis C transmission through mucous

membrane exposure has been estimated to be 0.24% [1,
14]. These less expensive alternatives may not provide the
necessary protection of mucous membranes from blood-
borne pathogens. We propose that in addition to their
original purpose of decreasing patient infection rates,
positive-pressure suits also provide improved personal
protection for the orthopaedic surgeon and their surgical
assistants. This alternative benefit may justify the use of
these suits despite their higher cost.

Therefore, we asked: (1) Do positive-pressure exhaust
suits decrease exposure to particulate matter during TKA?
(2) What areas covered by gowning systems are at risk of
exposure to particulate matter?

Materials and Methods

We tested three surgical gowning systems: (1) a conven-
tional Halyard ULTRA Surgical gown (Halyard Health,
Alpharetta, GA, USA), surgical skull cap, surgical face
mask, and protective eyewear; (2) a conventional Halyard
ULTRA Surgical gown (Halyard Health), surgical pro-
tective hood, surgical face mask, and protective eyewear;
and (3) a Stryker one-piece toga (Stryker, Kalamazoo, MI,
USA) positive-pressure exhaust suit (Fig. 1A-F).

A comparative study was conducted in a procedural
laboratory without laminar flow and without pulse lavage
irrigation on fresh-frozen disarticulated lower extremity
cadaver specimens. Previous studies have determined that
the size of organism-carrying particles range from 5 mm to
15 mm [3]. To simulate these particles, a 5-mm fluorescent
powder (Glo Germ; Hygienic Solutions, Lincoln, UK) was
used. Before each procedure, the 5-mm fluorescent powder
was mixed in a syringe with water (1 g/10 mL) to achieve
the consistency of patient particulate matter encountered
during TKA. In all, 30 mL of this mixture was injected
intraarticularly into the knee through a superolateral ap-
proach and 10 mL each intraosseously into the proximal
tibia and distal femur. The mixture was allowed to pas-
sively diffuse for 10 minutes before beginning the pro-
cedure (Fig. 2A-B). Using one of the three tested surgical
gowning systems, the primary surgeon, along with a first
and second assistant, was gowned and gloved in the stan-
dard sterile fashion. At this point, an ultraviolet light was
used to ensure that the surgeon’s and assistants’ skin sur-
faces were free of fluorescent exposure before beginning
the procedure. If skin exposure was detected, the surgical
gowning system was removed, the skin surface washed,
and gowning and gloving performed again until the skin
surface was free of fluorescent exposure before the pro-
cedure was started. The surgeon and assistants then per-
formed a standardized, simulated TKA through a medial
parapatellar approach following a primary TKA protocol.
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The procedure was concluded once implants were trialed
and deemed acceptable. Two TKAs with three participants
per procedure (surgeon and two assistants) were performed
for each gowning system for a total of six TKAs (Fig. 3).
The number of trials for each gowning system was de-
termined by a previously published power analysis
detecting a difference between contamination in a conven-
tional gown versus a body exhaust suit [19].

Once each procedure was completed, three independent
observers used ultraviolet light to grade the exposure of each
surgical participant from 0 to 4 using a previously published
grading scale [5, 19]. Exposure was graded 0 (no exposure),
1 (1–5 specks), 2 (5–10 specks), 3 (10–100 specks), and 4
(>100 specks).After grading, gownswere removed, and test
subjects were reexamined for additional contamination po-
tentially hidden in areas assumed to be protected by the

Fig. 1A-F Front and side views of each tested gowning system are shown, including the conventional Halyard ULTRA Surgical gown
(Halyard Health, Alpharetta, GA, USA), which includes a surgical skull cap, surgical facemask, and protective eyewear (A-B); a Halyard
ULTRA surgical gown with a surgical protective hood, surgical face mask, and protective eyewear (Halyard Health; C-D); and
a Stryker one-piece toga (Stryker, Kalamazoo, MI, USA; E-F).

Volume 476, Number 6 Surgeon Personal Protection 1343

Copyright � 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



gowning systems; however, scores were not changed. Ad-
ditional areas of contamination were considered unexpected
findings and reported descriptively. Each observer graded
each observation independently with interrater reliability
determined. The median grade of the three observers for
each surgical participant was used for statistical analysis.

Statistical analysis was performed using an R package
for Friedman’s test and post hoc tests [13]. Probability
values were considered statistically significant when <
0.05. Friedman’s test was used to compare the levels of
exposure for each surgical gowning system across the trials
using the median grade for each surgical participant in each
trial. Post hoc, the Nemenyi test was used to perform
a pairwise comparison of each surgical gowning system
based on the median grade of each participant in each trial.

Results

Of the three gowning systems tested, the positive-pressure
exhaust suit had less surgeon and assistant exposure

compared with the other systems (p < 0.001). The Stryker
one-piece toga provided complete surgical participant
protection with each procedure, whereas gowning Systems
1 and 2 had Grade 2 or higher particulate exposure with
each TKA (Fig. 4). The median overall exposure grade for
each gowning system was 4 for System 1 (range, 3–4), 2.5
for System 2 (range, 2–3), and 0 for System 3 (range, 0–0).
In pairwise comparisons between gowning systems, the
positive-pressure exhaust suit had less exposure than
gowning System 1 (difference of medians: 4, p < 0.001)
and gowning System 2 (difference of medians: 2.5, p =
0.038). There was no difference found in exposure between
Systems 1 and 2 (difference of medians: 1.5, p = 0.330).
The interrater reliability of the independent observers
was 1.

Also of note, when gowning Systems 1 and 2 were
removed, particulate matter was found in places that were
supposedly covered by the gowning system. Exposure was
found under the areas ostensibly protected by the face mask
on the surgeon’s beard, lips, and even inside the nostrils.
Matter was also found behind the protective eyewear
around the surgeon’s eye and in both eyebrows and eye-
lashes (Fig. 5A-B).

Discussion

Prosthetic joint infection after total joint arthroplasty is
a devastating complication, and positive-pressure ex-
haust suits were originally pioneered to decrease the risk
of infection. With the additional cost of these suits and
recent studies suggesting that they may not decrease the
risk of infection [2, 7, 11, 15, 17, 20], some hospitals and
surgeons have abandoned them in favor of less expen-
sive alternatives. Orthopaedic procedures have an in-
herent risk for surgeon exposure to patient particulate

Fig. 2A-B To simulate patient particulate matter, a 5-mm fluorescent powder was mixed
with water and was injected intraarticularly into the knee (A) and intraosseously into the
proximal tibia (B).

Fig. 3 Two standardized, simulated TKAs were performed for
each gowning system for a total of six procedures.
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matter and splash. This exposure occurs in nearly every
procedure and it can occur outside the areas protected
by conventional protective gowning systems [6, 16].
We proposed that in addition to their original purpose
of reducing infection, body exhaust suits also provide

personal protection for both the surgeon and assistants,
perhaps justifying the added cost of these suits. There-
fore, we designed a study to quantitatively assess sur-
geon exposure during TKA with a variety of gowning
systems.

Fig. 4A-D Particulate matter exposure encountered by surgical participants while wearing
each gowning system shown here, including side views (A-B) and front view (C) of con-
ventional gowning systems, and front view of the positive-pressure exhaust suit providing
complete surgical participant protection (D).
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This study has several limitations. The most impor-
tant is determining the clinical relevance of complete
protection from exposure to patient particulate matter,
mist, and splash during procedures. As a result of the
relatively low incidence of reported mucocutaneous
occupational splash injuries from bloodborne pathogen
sources, the link between the amount of exposure and the
development of clinical manifestation (bloodborne
pathogen transmission) is hard to determine. One recent
review determined that mucocutaneous exposures were
second only to percutaneous injury for occupational
exposure to HIV-positive fluid, but still only found 115
healthcare workers with these injuries out of approxi-
mately 18,000 determined occupational exposures [10].
Although disease transmission is higher after percuta-
neous exposure, previous studies have determined the
risk of HIV and hepatitis C transmission after mucous
membrane exposure to be 0.09% and 0.24%, respec-
tively [1, 8]. These findings, combined with the in-
creased prevalence of HIV in the patient population as
a result of widespread antiretroviral use and the lack of
surgeon exposure awareness, should lead surgeons to
protect themselves as much as possible [4, 10]. Until
the direct link between the amount of exposure during
procedures and transmission is determined, emphasis
should be on gowning systems that provide the greatest
amount of personal protection.

Despite the small sample size, the six surgical partic-
ipants per gowning system were sufficient to detect
a strong statistical difference. Including a larger sample
size may have increased the generalizability of the study;
however, obtaining more cadaveric specimens was not
necessary to support our conclusions. We chose to follow
a standardized primary TKA protocol, which concluded
once the implants were trialed. This simulated procedure
corresponded with the length of previously published
protocols looking at contamination in total joint arthro-
plasty [5, 19]. If the length of the simulated procedures
was increased, it is likely that exposure grades would
have increased as well because there is a positive

correlation between duration of surgery and splash oc-
currence [16]. As a result of the lack of availability in our
procedural laboratory, the TKAs did not include the use
of pulsed lavage or laminar flow. Like with increasing
procedure length, one can assume the use of pulsed la-
vage would have increased the amount of exposure en-
countered. It is unlikely that the use of laminar flow
would have an impact on the volume and velocity of the
splash and thus not change the exposure of the partic-
ipants. Laminar flow is used at our institution and face
shields are routinely covered with aerosolized particles
from the saw during the procedure. It is very unlikely that
the addition of laminar flow would have altered our
results. An additional limitation was that patient partic-
ulate matter was simulated by fluorescent powder mixed
with water. It is unclear how closely this corresponds to
the actual exposure of bodily fluid mist- and splash-
carrying pathogens encountered during knee arthro-
plasty. However, organism-carrying particles have been
shown to range in size from 5mm to 15 mm, and the 5-mm
fluorescent powder used in this study has been used in
previous studies to simulate airborne particulate matter
[3, 5, 19]. Lastly, there was a lack of blinding to the
surgical gowning system being tested from both the
surgeons performing the procedure and the observers
grading the exposure. Blinding was not possible because
each gowning system had obvious characteristics and
components specific to that gowning setup. Instead, di-
rect visualization of each gowning system by observers
allowed for a more accurate determination of the degree
of exposure in each gowning setup. For example, a two-
dimensional picture would not have allowed the observer
to see the exposure that occurred under folds or exposure
found around the surgeon’s neck or under the edges of the
mask. Additionally, not all fluorescent exposure seen
under direct visualization with the ultraviolet light could
be portrayed through photographs. Thus, by not blinding,
the sensitivity of the observers to detect exposure was
increased and potentially increased the strength of the
study.

Fig. 5A-B Views of particulate matter exposure encountered by surgical participants that
was seen after the gowning systemwas removed are shown, including inside the surgeon’s
nostrils (A) and on both the eyebrow and eyelashes (B).
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Wearing positive-pressure exhaust suits can decrease or
eliminate particulate matter exposure to skin and mucous
membranes. Most previous studies have identified surgeon
exposure risk through splash evaluation. These studies
prospectively analyzed the amount of splash on the visors
or goggles worn during the procedures. A splash occurs in
up to 100% of elective primary knee and hip arthroplasties
and 86% of orthopaedic trauma procedures [4, 16]. These
studies concluded that conventional gowning systems, in-
cluding goggles and visors, fail to protect the surgeon be-
cause 13% to 51% of splash occurs outside the area
protected by these systems [6, 16]. A sawbones study de-
termined that contamination risk is 30% while wearing
these conventional gowning systems and protection can be
superior with the use of a surgical helmet system [18].
Also, most surgeons are unaware of their exposure; one
study showed that only 15% of surgeons whowere exposed
during a procedure recognized the exposure [4]. In this
study, each procedure produced patient particulate matter
mist and splash, providing the potential for exposure
through contact with skin or mucous membranes. We de-
termined that this potential can be eliminated with the use
of positive-pressure exhaust suits because they did not al-
low any exposure to skin or mucous membranes.

With conventional gowning systems, covered areas
should not be considered protected. Splash has previously
been found to occur outside of areas protected by goggles
and visors in conventional gowning systems [6, 16]. In
addition, as evidenced by this study, splash can also be
found in the areas thought to be protected by these con-
ventional systems. The exposure occurring under the face
mask and protective eyewear was found to involve the
surgeon’s mucous membranes. We determined that the
most reliable way to eliminate mucous membrane expo-
sure is by the surgeon wearing a positive-pressure exhaust
suit.

During total joint arthroplasties, splash is likely and
thus these procedures provide an inherent risk for surgeon
exposure to patient particulate matter and the potential
transmission of bloodborne pathogens. The potential for
transmission from contact of open skin or mucous mem-
branes warrants the use of adequate personal protection
by the surgeon. Conventional gowning systems present an
exposure risk for the surgeon, whereas positive-pressure
exhaust suits provide complete protection during each
procedure. Despite recent concerns that positive-pressure
exhaust suits may not decrease infection rates, the clear
added benefit to the surgeon and assistants in protection
from potentially infectious and harmful patient sub-
stances is overwhelming. Despite the added costs of these
suits, hospitals and surgeons should heavily weigh these
protective benefits when considering whether to use
a positive-pressure exhaust suit or a conventional gown-
ing system during total joint arthroplasties.
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