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Question 1: Does the number of individuals in the operating
room affect the rate of SSI/PJI? If so, what strategies should be
implemented to reduce traffic in the operating room?

Recommendation:
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Yes. The number of individuals in the operating room (OR)
and door openings (DO) during total joint arthroplasty (TJA) are
correlated to the number of airborne particles in the OR.
Elevated airborne particles in the OR can predispose to subse-
quent periprosthetic joint infections (PJIs). Therefore, operating
room traffic should be kept to a minimum. Multiple strategies,
outlined below, should be implemented to reduce traffic in the
OR during orthopedic procedures.

Level of Evidence: Moderate

Delegate Vote: Agree: 98%, Disagree: 2%, Abstain: 0% (Unan-
imous, Strongest Consensus)

Rationale:

The number of persons and door openings (DOs) in the oper-
ating room (OR) have been reported to disrupt the airflow [1—4],
and therefore affect the quality of air in the OR. No high-level ev-
idence study exists, though, to directly link the OR traffic with the
development of periprosthetic joint infections (PJIs). The multi-
variate nature of PJIs and its low incidence require an enormous
study population to directly evaluate the influence of OR traffic on
PJIs, which is technically difficult.

There is no consensus on the best methods of monitoring air
quality in the OR [5—9]. Although particle counting is less demanding,
and more standardized than microbiological sampling, the informa-
tion obtained is indirect. Furthermore, the air particle counts cannot
accurately predict the microbial contamination of the OR air [10].

The number of personnel in the OR and number of DOs have been
recognized as a major source of increased number of particles in the
OR air [5,11,12]. Several observational studies have demonstrated a
positive relationship between the number of individuals and DOs
and the number of aerosolized particles in the OR [3,11,13,14]. Ritter
et al [15] reported that the bacterial counts were 34-fold higher
when 5 or more persons were present, compared to an empty OR.

DO may lead to increased contamination rates by 2 mechanisms.
First, DOs in the OR are linked to the number of staff in the OR
during operations [16]. Second, DOs create turbulence between 2
spaces, and disrupt the positive laminar flow of the OR, which
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might subsequently lead to faster spread of airborne bacteria and
particles to the surgical field [1,13,17,18]. Andersson et al [14]
showed a positive correlation between traffic flow rates and air
bacterial counts in orthopedic procedures. They also identified a
direct correlation between the number of people present in the OR
and bacterial counts. Quraishi et al [19] demonstrated a direct
correlation between the activity level of OR personnel and bacterial
fallout into the sterile field. Additionally, Lynch et al [20] showed an
exponential relationship between the number of DOs and the
number of personnel in the OR. In their series, an information
request was the main reason for the majority of DOs.

Several studies have evaluated the incidences and causes of DOs
during elective total joint arthroplasties (TJAs) [8,18,20—22]. Rates of
0.19/min to 0.65/min DOs for primary, and 0.84/min for revision TJAs
have been reported [3,18,20,21]. The highest percentage of DOs oc-
curs during the preincision [18] or postincision periods [10]. The
majority of the traffic constitutes the circulating nurses, followed by
surgical implant representatives, and then the anesthesia and or-
thopedic staff [ 18,20,21]. The most frequently reported single reason
for DOs is getting supplies, along with gathering and transferring
information. Scrubbing in and out during the procedure, staff rota-
tion for breaks, talking with colleagues in the corridor, and coordi-
nating with nursing and anesthesia personnel were also reported as
reasons for DOs [18,21]. It is important to note that the rate of un-
justified traffic was considerably high among different studies [8,18].

Experimental, observational, and simulation studies have evalu-
ated the influence of OR traffic on the OR environment [4,13,23—26].
Mearsetal [23]identified that DOs in 77 of 191 TJAs overwhelmed the
positive OR pressure, allowing airflow to reverse from the hallway
into the OR. The loss of positive OR pressure was a transient phe-
nomenon; however, the time needed for the recovery of pressuriza-
tion was unknown. On the contrary, Weiser et al [4] reported that
positive pressure was not defeated during any single DO; however,
they found that contaminated outside air entered the OR if 2 doors
were simultaneously opened. In their study, OR pressure recovery
took approximately 15 seconds following a DO. They supported that
OR contamination was more likely attributable to the effects of the
personnel who enter the OR, rather than as a primary cause of DOs.
Furthermore, Rezapoor et al [25] demonstrated that the laminar
airflow was protective against the negative influences of the number
of people, and partially of DOs. Smith et al [13] also showed that
bacteria colony forming units cultured on plates placed in sterile
basins in the OR during the operation were significantly negatively
associated with any DOs, and the function of laminar air flow.

An increased trend of PJIs is associated with high OR traffic
[2,11,17,27]. Pryor and Messmer [27] demonstrated a positive, but
nonsignificant, correlation between the total number of people who
enter the OR and infection rates. In a cohort of 2864 operated patients,
the infection rate was 1.52% when fewer than 9 and 6.27% when more
than 17 different people entered the OR. Cross-sectional observational
studies evaluated the effects of measures to control OR traffic and the
number of personnel as a preventative strategy in reducing PJIs
[1,8,18,28]. Knobben et al [28] observed that systemic and behavioral
measures in the OR, including limiting unnecessary activity and in-
dividuals in the OR, can lead to a significant reduction in the incidence
of prolonged wound discharges and superficial PJIs, as well as a
nonsignificant decrease in the deep PJIs. It was, however, difficult to
determine the influence of each measure on the final results.

Numerous strategies have been proposed to reduce OR traffic and
subsequent contamination of the OR environment. These include the
following: (1) limitation of the number of persons who are present
during orthopedic procedures; observers, residents, researchers, and
external vendors should be kept to a minimum [3,18]; (2) storage of
the frequently used instruments in the OR; (3) proper education of OR
personnel regarding the potential correlations between OR traffic and

infections [4,13,18,20]; (4) careful preoperative planning and tem-
plating so as to have all necessary supplies and implants into the OR
[18,26]; (5) reduction of the OR traffic using verbal interventions to
the staff [1]; (6) lockage of the external door immediately after the
entry of the patient into the OR with entrance only through the inner
doors [4,13,21]; (7) minimization of the staff rotation during each TJA,
ideally to zero [21]; (8) use of intercom for communication with the
outer door [3]; (9) no DOs for social visits, clinical discussions, or
anesthetic supplies for the next case; (10) use of a door alarm to
decrease DOs [29]; (11) prohibition of staff to enter or leave the OR
unnecessarily; and (12) opening the necessary equipment as close as
possible to the time of incision, in order to reduce the exposure of the
sterile instruments to the increased traffic [18].

Question 2: Does the risk of SSI/PJI increase when the sur-
geon performing the arthroplasty procedure has an upper res-
piratory infection?

Recommendation:

It is unlikely that the risks of SSIs/PJIs are increased in pa-
tients undergoing orthopedic procedures when the surgeon or
surgical team has an upper respiratory infection.

Level of Evidence: Moderate

Delegate Vote: Agree: 85%, Disagree: 8%, Abstain: 7% (Super
Majority, Strong Consensus)

Rationale:

Reports of the transmission of hepatitis B virus, hepatitis C virus,
and HIV from healthcare workers to patients during invasive pro-
cedures have raised the question of whether physicians infected with
upper airways pathologies should perform invasive orthopedic
procedures, such as joint arthroplasty [30,31]. It has been previously
suggested that surgeons affected by hepatitis B virus, hepatitis C
virus, and/or HIV should not (strong recommendation: against)
perform major joint arthroplasty surgery (eg, hip, knee, shoulder,
and elbow), open spine surgery, and/or open pelvic surgeries
because of the very high risk of disease transmission to patients [32].
However, very little is known on the risks of potentially increased
surgical site infections (SSIs)/periprosthetic joint infections (PJIs)
when the surgeon performing the arthroplasty has an upper respi-
ratory infection. On the other hand, Navalkele et al [33] demon-
strated that SSIs were more likely to develop in patients who had
respiratory tract infections within 30 days prior to surgery (20% vs
6.6%; odds ratio 3.42, 95% confidence interval 1.62-7.22, P = .0034).

Surgical site contamination by airborne particles is ascribable in
some cases to direct settling of the particles on the wound:
condensation droplets measuring less than 5 pm, produced with
coughing and sneezing, are able to contaminate the surgical site if
the surgeon is not isolated by a helmet sealed within a gown [34]. If
the principal pathogens responsible for common cold, rhinitis, and
influenza (rhinovirus, coronavirus, parainfluenza virus, influenza
virus, respiratory syncytial virus) are generally not responsible for
SSIs, other microorganisms are commonly associated with a viral
respiratory disease: Staphylococcus aureus, coagulase-negative
Staphylococcus, Streptococcus, Gram-negative bacteria, and
methicillin-resistant S aureus (measuring 0.2-5 pm) can adhere to
the condensation droplets to form colony forming units, and be
infectious in short-range scenarios (less than 1 m), theoretically
leading to SSIs. Operating room counts lower than 10 colony
forming units are mandatory for knee and hip arthroplasty [35].

A sneeze can generate up to 40,000 droplets [36], which can
evaporate to produce droplets of 0.5-12 pm, while a cough can
generate about 3000 droplet nuclei, the same number as talking for
5 minutes [37].

Despite all these potential risks, there is strong evidence that per-
sonal protective equipment including gowns, facemasks, and gloves, in
addition to the usual contact-transmission prevention precautions (ie,
hand washing, avoiding touching mucous membranes of the eyes,
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nose, and mouth), are effective in reducing surgeon to patient disease
transmissions [38,39]. Additionally, many environmental factors,
controllable in a standard OR, affect the viability of an infectious agent
(ie, temperature, humidity, air flow, and ultraviolet radiation), further
reducing the risks of disease transmissions and PJIs afterward [40—43].

As a result, we conclude that the widespread use of personal
protective equipment, in addition to the usual contact-transmission
prevention precautions, protect the susceptible patient from dis-
ease transmission and PJI development. However, the lack of high-
level evidence results in a moderate level of strength for this
recommendation.

Question 3: Does the technique, duration, or agent used for
surgical hand scrubbing by the surgeon and OR personnel alter
the patient's risk of SSIs/P]Is?

Recommendation:

Unknown. Surgical hand preparation should be performed
either by traditional scrubbing with a suitable antimicrobial
soap and water, or by using a suitable alcohol-based hand
cleansing agent.

Level of Evidence: Moderate

Delegate Vote: Agree: 93%, Disagree: 5%, Abstain: 2% (Super
Majority, Strong Consensus)

Rationale:

Multiple reviews have been performed in order to study this
matter. None of these reviews have been able to show differences
between different surgical hand antisepsis on surgical site infection
(SSI) rates. There is indicative evidence advocating alcohol-based
hand rubs (ABHRs); ABHRs reduce colony forming units (CFUs) in
hands better than traditional scrubbing, and ABHRs cause less skin
damage compared to traditional scrubs [44—50].

A Cochrane database review was published in 2016, assessing
the effect of different surgical hand antisepsis on preventing SSIs.
They compared the effects of different techniques (ie, hand rubbing
vs hand scrubbing), products (ie, different formulations of ABHRs vs
plain soap vs medicated soap), and application times for the same
product. The conclusion was that there is no firm evidence that one
type of hand antisepsis is better than another in reducing SSIs [45].

The review concludes that there is evidence that the ability of
different hand antisepsis to reduce CFUs is different, but the clinical
outcomes of these findings are unclear. Chlorhexidine gluconate (CHG)
scrubs may reduce the number of CFUs on hands compared with
povidone iodine (PVPI) scrubs. Alcohol rubs with additional antiseptic
ingredients may reduce CFUs compared with aqueous scrubs [45].

This review also evaluated the duration of hand antisepsis, and
concluded that a 3-minute scrub reduced CFUs on the hand
compared with a 2-minute scrub, but this was very low-quality ev-
idence. Furthermore, findings about a longer initial scrub and sub-
sequent scrub durations are not consistent. It is also unclear whether
nail picks and brushes have an impact on the number of CFUs
remaining on the hand. The Cochrane review states that almost all
evidence available to make decisions about hand antisepsis was
informed by low-quality or very low-quality evidence [45].

The WHO recommendations on preoperative measures for SSI
prevention were published also in 2016, which state that the overall
evidence (rated as moderate quality) showed no differences be-
tween ABHR and hand scrubbing in reducing SSIs. They also
concluded that studies using CFUs on participants’ hands as the
outcome showed that some ABHRs are more effective than scrub-
bing with water and antiseptic or plain soap. However, the rele-
vance of this outcome to the risks of SSIs is uncertain [44].

Oriel et al published a study in 2017 in which the authors re-
ported the incidence of SSIs after introducing ABHR as an alterna-
tive to traditional aqueous surgical scrubs. The SSI rates for
traditional scrubbing (n = 4051) and ABHR (n = 2293) were similar
(1.8 vs 1.5%, P =.31) [49,50].

Also, in 2016, Oriel and Itani found that none of the SSI studies
have shown any benefit of one product type over another, even
though the literature shows the inferiority of PVPI to both CHG and
ethyl alcohol. Ethyl alcohol often outranks CHG in nonclinical
in vivo tests. Both ABHRs and CHG are preferred to PVPI for surgical
hand antisepsis [46].

In 2015, Shen et al performed a study to compare a conventional
surgical scrubwith an ABHR in order to evaluate antimicrobial efficacy.
They performed hand sampling for cultures before and after opera-
tions. The culture positive rates of ABHR were 6.2% before operations
and 10.8% after operations. Both rates were lower than the conven-
tional surgical scrub, 47.6% before operations (P <.001) and 25.4% after
operations (P = .03). Multivariate analysis showed that ABHR was a
significant protective factor for positive hand cultures [48].

Liu and Mehigan published a review in 2016 in which the authors
studied the influences of different hand antisepsis on SSI rates and
skin integrity. They advocate ABHR because it appears to cause less
skin damage than traditional scrub protocols, but is as effective as
traditional scrub. Some studies have demonstrated relatively poor
compliance for optimal scrubbing time and techniques by personnel
using a brush, with personnel preferring to use AHBRs [47].

Question 4: Does the type of cap worn by the operating room
(OR) personnel matter?

Recommendation:

Unknown. The evidence would suggest that, since normal
hygiene such as daily shampooing and showering does not
result in bacterial decontamination of OR personnel, some form
of disposable head covering is prudent. Whether this takes the
form of a bonnet, bouffant, or helmet is unknown. We recom-
mend that the cap should cover the entire scalp, ears, and facial
hair.

Level of Evidence: Limited

Delegate Vote: Agree: 94%, Disagree: 4%, Abstain: 2% (Super
Majority, Strong Consensus)

Rationale:

Human hair serves as a reservoir for bacteria shedding and as a
potential source of contamination in the operating theatre [51].
Summers et al [51] cultured bacteria from the hair of inpatients,
hospital staff, and outpatients, and compared them with nasal
carriage finding that Staphylococcus aureus colonization was even
more common in scalp hair than in the nares. It is critical to
determine the most appropriate surgical cap for limiting bacterial
spread and desquamation from the skin/hair of operating room
(OR) personnel in order to minimize potential contamination, even
with most modern ventilation systems [52].

A study in 1991 recommended the discontinuation of headwear
in OR staff, and determined that adequate ventilation and laminar
flow was enough to combat microbial shedding, as the authors did
not find significant reductions in microbial air counts with use of
head covers [53]. However, conflicting evidence arose when a study
by Friberg et al [54| demonstrated that airborne contaminants were
3-5 times (P < .001) greater compared to the absence of headwear.
Additionally, they found that wound contamination without the
use of headwear increased by 60-fold, in comparison to wearing
head covers. The authors concluded that laminar flow units should
be held in question with regard to replacing the use of head covers
and in the risk of surgical surface contamination.

At present time, there are few studies published within the past
decade comparing different types of caps, their effects on OR
environment bacterial counts, and surgical site sterility. A recent
study by Markel et al [55] investigated the degree of airborne
contaminates with different head covers (disposable skull caps,
disposable bouffant hats, and cloth skull caps) in the OR during
standardized mock surgical procedures. They measured the num-
ber of particulates being 0.5 and 1.0 um in size, and found that there
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were significantly higher numbers of airborne particulates when
disposable bouffant hats were used compared to cloth surgical caps
(P < .05). There was no significant difference seen in airborne
particulates after active sampling, when comparing bouffant hats
with disposable surgical hats. However, for passive settle plate anal-
ysis, it was determined that bouffant style hats allowed for a signifi-
cantly greater amount of microbial shedding at the sterile field,
compared to disposable skull caps (P < .05). They further concluded
that disposable bouffant hats had a higher permeability/porosity, and
yielded higher levels of bacterial shedding in the OR. They endorsed
the use of skull caps for reducing the potential risk of contamination
from scalp hair. This, however, is against the recommendation of the
Association of Peri-Operative Registered Nurses for OR personnel to
wear bouffant caps. It should be considered that the outcome studied
was contamination in vitro in comparison to actual surgical site in-
fections (SSIs) seen in surgical patients [56].

More recently, a study by Kothari et al [57] revealed that SSI
rates were not significantly different (P = .016) in surgical cases
where attending surgeons wore bouffant hats (8%) vs in those
where surgeons wore surgical skull caps (5%). The authors analyzed
data from a previous prospective randomized trial on SSIs in
accordance with hair clippings in a multitude of surgical specialties,
and in more than 1500 patients. These findings are in contrast to
the findings of the study by Markel et al [55] and Kothari et al [57],
which advocated for OR staff to choose OR head attire based on
preference, as the choice in OR headwear did not play a role in the
development of both superficial and deep SSIs [55,57].

It can be concluded that with a scarcity of recent literature
addressing the use of different surgical caps on the impact of bac-
terial shedding/airborne particulates and the potential for SSIs in
the OR, it is recommended that further research is needed to sub-
stantiate the claims made regarding OR headwear. Clearly, a ran-
domized trial of coverage vs none would be unethical to conduct.
There is ample evidence, however, to suggest that Gram-positive
bacteria are often carried on the facial skin, hair, and ears of hos-
pital personnel. Several case studies report on outbreaks of SSIs
with unique bacterial strains associated with carriage by identified
surgical team members.

Question 5: Should surgeons and personnel in the operating
room (OR) wear a mask and a cap in the operating room?

Recommendation:

Yes. The use of surgical facemasks and caps by staff in the
operating room is presumed to reduce the frequency of surgical
site infections. There is a paucity of data, with few studies
addressing this topic. The long-standing established standard of
surgical facemasks and caps in the operating room should
continue despite the lack of strong evidence demonstrating
clinical efficacy and a lack of persuasive evidence for altering
current clinical practice. Evidence for the potential role for
surgical facemasks in protecting staff from infectious material
encountered in the operating room is also controversial. In the
absence of convincing clinical evidence, either for or against
wearing masks and caps in the OR, it is advisable, at this time, to
continue to follow local or national health and safety
regulations.

Level of Evidence: Limited. Conflicting study results are pub-
lished. Further research is likely to have an important effect on our
confidence in the response, and may change this recommendation.
The evidence is currently supported only by observational studies,
with no RCTs or other high level studies available.

Delegate Vote: Agree: 98%, Disagree: 1%, Abstain: 1% (Unan-
imous, Strongest Consensus)

Rationale:

Surgeons and nurses typically wear disposable facemasks and
caps in the operating room (OR). The purpose of face masks is

thought to be 2-fold: (1) to prevent the passage of bacteria from the
surgeon’s nose and mouth into the patient’s wound; and (2) to
protect the surgeon’s face from sprays and splashes from the pa-
tient. Facemasks are thought to make wound infections after sur-
gery less likely. However, incorrectly worn masks may
paradoxically increase the likelihood of the wound becoming
contaminated with shed skin and debris. It is unclear if by wearing
facemasks, the surgical team increases or decreases the risk of
surgical site infections (SSIs) in patients undergoing clean surgeries,
including elective joint arthroplasties [58].

Infections occurring in a wound created by an invasive surgical
procedure are referred to as SSIs. Postoperative wound infections
increase the lengths-of-hospitalization, and predictably, substan-
tially raise the costs of care. SSIs account for a marked fraction of
healthcare associated infections, and can be associated with
considerable morbidity, with estimates that over one-third of
postoperative deaths are at least partly attributable to SSIs. In the
OR, there are, therefore, many procedures and practices in place
intended to reduce the probability of infectious material transfer
between OR staff and patients [59].

Surgical facemasks (SFMs) provide a physical barrier between
bacteria of oropharyngeal and nasopharyngeal origin and an open
patient wound. Additionally, SFMs potentially protect OR staff by
providing a physical barrier to infectious bodily fluid splashes from
the patient. Wearing SFMs in the OR is one of many long-standing
preventative practices, yet controversy still exists as to the clinical
effectiveness of SFMs in reducing the frequency of SSIs. General
purpose disposable SFMs, however, are not specifically designed to
protect the wearer from airborne infectious particulates [60].

The 1999 Centers for Disease Control and Prevention “Guideline
for Prevention of Surgical Site Infection” [61] strongly recom-
mended the use of SFMs for prevention of SSIs. The 2007 Centers
for Disease Control and Prevention “Guideline for Isolation Pro-
tection” [62] reiterated the recommended use of different qualities
of SFMs for sterile procedures, without adding any new scientific
data in support of this recommendation. Most international
guidelines acknowledge the controversy surrounding the use of
disposable SFMs [63,64], with no clear clinical or experimental
evidence that wearing SFMs effectively diminishes the incidence of
SSIs. The incidence of SSIs is itself dependent on multiple other
variables, particularly the patient’s immunological status, and the
behavior of the surgical team in and around the operative field.

The systematic review by Lipp and Edwards [58] included 2106
patients undergoing elective clean surgeries. Clean surgery is
defined as surgery where no inflammation is encountered and the
alimentary, respiratory, and genitourinary tracts are not entered.
The conclusion from the study was unclear whether wearing of
SFMs by the surgical team increased or decreased the risks of SSIs.
The systematic review by Bahli [65] included data on 8311 patients
undergoing elective surgeries, and concluded that the evidence
regarding the efficacy of SFMs in preventing postoperative wound
infections in elective surgery is inconclusive. At this time, therefore,
it is still difficult to recommend changing the established clinical
practices of wearing facemasks in rooms on the basis of current
evidence.

The topic of OR headgear has been very controversial, and the
quality of data used to support OR policy surrounding this topic is
marginal. A study by Humphreys et al performed in 1991 suggested
that wearing any type of headgear in the OR did not decrease
bacterial counts. However, the use of proper ventilation techniques
drastically reduced these counts, and the authors concluded that
nonscrubbed individuals did not need to wear headgear because
proper ventilation likely counteracted any bacterial shedding [53].
Ten years later, however, a conflicting study by Friberg et al [54]
demonstrated a 2- to 5-fold increase in bacterial contamination
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at random sites throughout the OR when headgear was not worn,
and a 60-fold increase in contamination in the wound bed.
Considering these results, it is apparent that wearing headgear
markedly decreases the probability of spreading fomites and debris
to an open surgical wound. However, it remains uncertain whether
this translates into a greater risk of SSIs and periprosthetic joint
infections, as no study specifically examining this possibility has
ever been conducted.

Humphreys et al performed air cultures in a sealed OR when
volunteers wore either surgical hoods or no head coverings. The
investigators found little effects of a head cover on volumetric air
sampling cultures (ie, no settle plates were used to simulate settling
of bacteria near an OR bed). Nevertheless, the investigators
concluded that the personnel assisting in the surgical procedure
should continue to wear head coverings [53]. Markel et al [55]
observed that disposable bouffant style hats had high perme-
ability, greater particle penetration, and increased porosity, leading
to higher levels of bacterial and particulate contamination in a
dynamic OR environment. When compared with disposable skull
caps, bouffant hats cannot be considered superior. Furthermore, if
properly laundered the use of cloth skull caps may yield better
sterility compared with standard disposable bouffant hats.

The use of SFMs and caps by staff in the OR is presumed to
reduce the frequency of SSIs. Although there is a paucity of solid
data on this topic, there is no persuasive evidence to indicate any
rationale for altering clinical practices. The long-standing practice
of wearing SFMs and caps in the OR should continue, despite the
lack of strong clinical evidence supporting their use. Evidence
supporting the potential role for SFMs in protecting staff from in-
fectious material encountered in the OR is also controversial. In the
absence of strong clinical evidence for or against wearing masks
and caps in OR, it is advisable, at this time, to continue to follow
local or national health and safety regulations.

Question 6: Does the presence of exposed facial hair (beard
and mustache) on any OR staff or surgeon influence the rate of
SSIs/PJIs in patients undergoing orthopedic procedures?

Recommendation:

Although facial hair may increase the risk of bacterial
contamination under certain circumstances, risks should
ideally be assessed in the context of masking, with and without
nonsterile hoods, where limited and contradictory data exists.

Level of Evidence: Consensus

Delegate Vote: Agree: 89%, Disagree: 5%, Abstain: 6% (Super
Majority, Strong Consensus)

Rationale:

Facial hair has the potential to harbor pathogenic bacteria, and
even with routine hygiene, bacterial shedding from these sources
may lead to contamination resulting in infection during surgical
procedures. At any given moment, the inner surface of an operating
room staff’s surgical mask contains up to 100 times the amount of
bacteria that is present on the operating room floor [66]. However,
even after the strict advent of operating room policies mandating
the coverage of exposed head and facial hair, there has been little to
no evidence of decreased surgical site infections [67]. For surgeons
and scrubbed personnel, it remains a controversial topic whether
beards and exposed facial hair predispose patients to increased
risks of infections in the operating room [58]. A study examining
the relative contamination of air in operating rooms showed that of
those who were dispersers of Staphylococcus aureus (4% of n =
3039), 15.5% of these subjects had S aureus colonizing in their
beards [68].

A study by Parry et al [69] investigated aerobic bacterial shed-
ding in 10 bearded men, 10 clean-shaven men, and 10 women by
measuring colony forming units (CFUs), after having each cohort
make standardized facial motions above agar plates while

unmasked, masked, and in surgical hoods. They found the CFUs and
bacterial shedding in the bearded group were no greater in com-
parison to the clean-shaven group when masked (1.6 vs 1.2 CFUs,
P =.9), unmasked (9.5 vs 3.3 CFUs, P =.1), or in surgical hoods (0.9
vs 1.3 CFUs, P = .6). Additionally, they found that surgical hood use
did not decrease the total number of bacteria isolated per subject,
with a mean of 1.1 CFUs while hooded vs 1.4 CFUs with the mask
alone (P =.5). Unmasked subjects shed a mean of 6.5 CFUs more
than the number shed while masked (P =.02) or hooded (P =.01).
The authors also found that when participants were stratified by
beard length, those with beards 20 mm or longer shed more than
clean-shaven subjects when unmasked (18 vs 3.3 CFUs, P =.03), but
this difference was eliminated with the addition of a mask. The
authors concluded that beards in an operative environment appear
to add no definitive risks of bacterial shedding in comparison to
those who do not have facial hair, when proper facial coverings are
utilized.

Conversely, a study by McLure et al [70] found that bearded
males shed significantly more bacteria than clean-shaven males
(P=.01) or females (P =.01) at rest with masks. They also examined
the effects of dermabrasion due to mask adjustments and wiggling
on the shedding of bacteria in those with and without facial hair in
a study of 10 bearded men, 10 clean-shaven men, and 10 women all
who wore masks above agar plates. The authors recommended
avoidance of behaviors that encourage unnecessary face mask
movement and concluded that it may be advisable to remove facial
hair in an operative environment due to the potential risk of bac-
terial shedding.

As an alternative to facial hair removal, nonsterile surgical hoods
used alongside face masks may be considered. In a study examining
the airborne transmission of bacteria and particles during stan-
dardized sham operations (n = 30), there was up to a 60-fold in-
crease in bacterial sedimentation rate (P < .01) found in surgical
wounds when no head covers (disposable hood/triple laminar face
mask or sterilized helmet aspiratory system) were worn [54]. Thus,
irrespective of whether facial hair is present or not, it may be
necessary, under specific circumstances, to have some form of
headwear during surgical procedures for scrubbed personnel.

Question 7: Does strict adherence to not wearing operating
room (OR) attire outside the hospital or outside the restricted
OR area reduce the risk of SSIs/PJIs?

Recommendation:

We recommend that OR personnel wearing attire that has
come into contact with areas outside the restricted OR envi-
ronment, not wear the same attire during elective arthroplasty
or complex orthopedic procedures.

Level of Evidence: Consensus

Delegate Vote: Agree: 90%, Disagree: 8%, Abstain: 2% (Super
Majority, Strong Consensus)

Rationale:

The use of standardized operating room (OR) attire has been
implemented to help reduce the shedding and desquamation of
human cells and bacteria from the skin of personnel in restrictive
hospital environments [71—73]. Specific institutions have further
aimed to reduce contamination by requiring the use of covers and
gowns over scrubs when leaving restrictive hospital environments,
such as the OR [71-73].

Various institutions utilize these protocols to date, even in light
of the deficient data on whether OR attire worn outside restricted
hospital environments plays a role in the development of surgical
site infections (SSIs) and/or periprosthetic joint infections (PJIs). A
report from the Hospital Infection Society Working Group in 2002
examined the ritualistic behaviors and numerous studies regarding
the methods of sterility in the OR [74]. They determined there to be
little to no concrete evidence showing that wearing OR attire in
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external, unrestricted hospital environments and returning
without changing led to an increase in SSIs and the rates of wound
infections [74].

There have been some studies examining how surgical attire
and hospital scrubs collect contaminants upon travel outside the
hospital and restricted OR areas. A prospective crossover study
performed by Hee et al [75] examined fabric samples from the
scrubs of 16 anesthesiologists divided into 3 cohorts that had worn
their scrubs in different environments (group 1: OR only; group 2:
OR and hospital wards; group 3: OR, hospital wards, and outpatient
offices) in an effort to determine the level of contamination to attire
as a result of different environmental factors. Fabric samples were
collected for microbiological analysis from the chest, waist, and hip
of each anesthetist over the course of an 8-hour work day every
150 minutes. The group determined there to be no significant dif-
ferences in the bacterial colony counts among the 3 cohorts in
comparing the bacterial colony forming units (CFUs) [P = .669 for
group 1: 16.8 CFU vs group 2: 15.3 CFU; P =.942 for group 1: 16.8
CFU (95% confidence interval, CI 9.8-23.8) vs group 3: 17.1 CFU (95%
CI110.1-24.1); and P =.616 for group 2: 15.3 CFU (95% C1 8.3-22.3) vs
group 3: 17.1 CFU (95% CI 10.1-24.1] [75]. Additionally, a study by
Sivanandan et al [76] examined the level of garment contamination
by comparing blood agar plates pressed against the OR attire of 20
physicians (at 2-hour intervals during an 8-hour period) who had
worn scrubs inside and outside OR attire designated areas. Their
results also suggested that the levels of contamination were com-
parable between the groups that wore OR attire within restrictive
OR attire settings and those that wore OR attire outside these set-
tings [76].

Similar results were seen in a study by Kaplan et al [77],
comparing pieces of fabric that were analyzed by traditional cul-
tures in physicians wearing scrubs inside/outside designated zones
(including outside the hospital) and also with/without cover gar-
ments outside allocated areas. The results were based on a total of
75 participants that each provided fabric samples from 2 sites that
were believed to represent areas of likely contamination. In total,
150 samples were collected during the project, 50 from each study
arm. The 3 groups were composed of the following: group 1: scrubs
worn in designated areas and a protective covering was worn when
outside these zones and they never left the hospital; group 2:
scrubs worn in designated areas and outside without protective
covering and they never left the hospital; and group 3: scrubs worn
inside/outside designated areas without protective covering and
they were allowed to go outside the hospital. The percentage of
agar samples with growth (at 24 and 48 hours) for the various
fabric samples taken from each group were as follows: group 1, 47%
and 66%; group 2, 38% and 56%; and group 3, 56% and 70% of agar
samples with growth [77]. The authors determined that wearing
cover garments over OR attire did not reduce the rates of
contamination, and that there were no significant differences (P =
.55) in groups with attire worn outside the hospital and outside
restricted zones [77].

In contrast to the aforementioned studies, a study by Mailhot
et al [78], with a similar design to Kaplan et al, found that there
were significant differences in contamination rates of OR attire in
comparing nurses with cover garments, and those without cover
garments when worn in undesignated areas outside OR attire
zones. This suggested that the use of cover garments may help
decrease the rates of garment contamination when wearing OR
attire outside of restrictive areas. However, it remains undecided
whether this could reduce the likelihood of patients developing
SSIs or PJls in this setting.

Overall, the above-mentioned studies examined rates of
contamination for scrub suits, and not how this impacted the
outcomes for patients regarding SSIs or PJIs. Studies directly

evaluating if OR attire worn outside the hospital and/or outside the
restricted OR area and in relation to the incidence of SSIs/PJIs have
yet to be published. Until conclusive evidence is brought forth, OR
attire worn outside the OR remains a potential source for surgical
contamination.

Question 8: Does the Methicillin-resistant Staphylococcus
aureus/epidermidis (MRSA/MRSE) colonization status of oper-
ating room (OR) personnel affect the hospital's rate of SSIs/PJIs?

Recommendation:

Unknown. While operating room personnel have previously
been reported to contribute to environmental contamination,
the literature provides insufficient data to establish strong
correlations between operating room staff colonization with
MRSA/MRSE, and potential for increased infections in patients
after orthopedic procedures.

Level of Evidence: Limited

Delegate Vote: Agree: 90%, Disagree: 4%, Abstain: 6% (Super
Majority, Strong Consensus)

Rationale:

Methicillin-resistant Staphylococcus aureus (MRSA) is a common
source of nosocomial infections, and has been reported as a po-
tential cause of surgical site infections (SSIs) and periprosthetic
joint infections (PJIs) leading to major complications [79,80]. The
prevalence of healthcare worker MRSA colonization is estimated to
be between 4.6% and 7.9% [81—83]. Some reports have even pub-
lished demonstrating higher incidences of up to 76% in special
populations [84].

Nasal carriage of S aureus is known to be a major risk factor for
SSIs [85,86]. However, the transmission of MRSA from a staff
member to a patient is believed to be an uncommon event, with
only 11 of 191 (5.8%) confirmed outbreaks occurring in this manner
in one study [87]. Nevertheless, 41% of nosocomial outbreaks
(including all pathogens) transmitted by a contaminated staff
member occurred in the operating room (OR) [88].

A total of 10 articles relevant to orthopedic staff MRSA coloni-
zation were included in this review [89—98]. The MRSA coloniza-
tion rate of orthopedic staff members in the literature averages at
7.8% (range 0%-31%, median 4.2%) in 941 screened staff [90—96,98].
Of the studies reviewed, Portigliatti Barbos et al [94] (31%
penicillin-resistant S aureus), Chang et al [98] (13.9% MRSA), Faibis
et al [95] (2.3% MRSA), and Schwarzkopf et al [96] (1.5% MRSA)
screened exclusively OR personnel.

Most identified publications did not investigate the infection
rates of patients in the context of OR staff colonization with MRSA,
thus the available data are limited. De Lucas-Villarrubia et al [90]
evaluated decolonized contaminated staff members and patients,
and added a broad-spectrum antibiotic to their surgical prophy-
laxis. By introducing these precautionary measures, the SSI rates
dropped from 5.9% to 3.0%, the MRSA infection rates from 1.2% to
0.3%, and the MRSA PJI rates from 9.7% to 1.0%. Mullen et al [89]
implemented a decolonization protocol of colonized staff and pa-
tients and reported a decreased rate of SSIs from 1.76% to 0.33%.
Despite reporting the highest staff colonization rates (31% of the-
ater staff), Portigliatti Barbos et al [94]| showed a reduction of the
already low SSI rates of 0.6% to 0% after a 5-day decolonization
course of intranasal mupirocin ointment for affected orthopedic
surgical team members. Dilogo et al [91] did not identify any MRSA
colonized orthopedic staff members, and concluded that there
were no significant associations between MRSA staff colonization
and infections. We did not identify a relevant study investigating
methicillin-resistant Staphylococcus epidermidis within the context
of the question.

There are insufficient data available to establish a strong cor-
relation between OR staff MRSA/methicillin-resistant S epidermidis
colonization, and a potential for increased infection rates in
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patients undergoing orthopedic procedures. None of the studies re-
evaluated the rate of staff colonization after decontamination
protocols were initiated. The data sets across the included studies

dare

heterogeneous, which impede pooled statistical analyses.

Hence, a direct correlation between reduction in staff colonization
and reduction in MRSA associated SSIs and PJIs cannot be
confirmed, but is currently presumed.

The identified studies support current public health efforts to
minimize nosocomial infections in the hospital setting, with the
focus on best possible patient outcomes. Additional studies are
required to screen for MRSA colonization in staff members before
and after decolonization, while monitoring the subsequent infec-
tion rates in patients.

References

(11

[2

[3

[4

(5

(6

(7

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Pulido L, Ghanem E, Joshi A, Purtill J], Parvizi J. Periprosthetic joint infection:
the incidence, timing, and predisposing factors. Clin Orthop Relat Res
2008;466:1710-5. https://doi.org/10.1007/s11999-008-0209-4.

Babkin Y, Raveh D, Lifschitz M, Itzchaki M, Wiener-Well Y, Kopuit P, et al. Inci-
dence and risk factors for surgical infection after total knee replacement. Scand ]
Infect Dis 2007;39:890—5. https://doi.org/10.1080/00365540701387056.
Teter J, Guajardo I, Al-Rammah T, Rosson G, Perl TM, Manahan M. Assessment
of operating room airflow using air particle counts and direct observation of
door openings. Am ] Infect Control 2017;45:477—82. https://doi.org/10.1016/
j-ajic.2016.12.018.

Weiser M, Shemesh S, Chen D, Bronson M, Moucha C. The effect of door
opening on positive pressure and airflow in operating rooms. ] Am Acad
Orthop Surg 2018;26:e105—13. https://doi.org/10.5435/JAAOS-D-16-00891.
Scaltriti S, Cencetti S, Rovesti S, Marchesi |, Bargellini A, Borella P. Risk factors
for particulate and microbial contamination of air in operating theatres. ] Hosp
Infect 2007;66:320—6. https://doi.org/10.1016/j.jhin.2007.05.019.

Stocks GW, Self SD, Thompson B, Adame XA, O’Connor DP. Predicting bacterial
populations based on airborne particulates: a study performed in nonlaminar
flow operating rooms during joint arthroplasty surgery. Am ] Infect Control
2010;38:199—-204. https://doi.org/10.1016/j.ajic.2009.07.006.

Birgand G, Toupet G, Rukly S, Antoniotti G, Deschamps MN, Lepelletier D, et al.
Air contamination for predicting wound contamination in clean surgery: a
large multicenter study. Am ] Infect Control 2015;43:516—21. https://doi.org/
10.1016/j.ajic.2015.01.026.

Pada S, Perl TM. Operating room myths: what is the evidence for common
practices. Curr Opin Infect Dis 2015;28:369—74. https://doi.org/10.1097/
QC0.0000000000000177.

Tham KW, Zuraimi MS. Size relationship between airborne viable bacteria and
particles in a controlled indoor environment study. Indoor Air 2005;15(Suppl. 9):
48—57. https://doi.org/10.1111/j.1600-0668.2005.00303.x.

Cristina ML, Spagnolo AM, Sartini M, Panatto D, Gasparini R, Orlando P, et al. Can
particulate air sampling predict microbial load in operating theatres for arthro-
plasty? PLoS One 2012;7:e52809. https://doi.org/10.1371/journal.pone.0052809.

Tjade OH, Gabor I. Evaluation of airborne operating room bacteria with a Biap
slit sampler. ] Hyg (Lond) 1980;84:37—40. https://doi.org/10.1017/
S0022172400026498.

Malinzak RA, Ritter M A. Postoperative wound infection: 35 years of experi-
ence. Orthopedics 2006;29:797—8.

Smith EB, Raphael IJ, Maltenfort MG, Honsawek S, Dolan K, Younkins EA. The
effect of laminar air flow and door openings on operating room contamination.
J Arthroplasty 2013;28:1482—5. https://doi.org/10.1016/j.arth.2013.06.012.
Andersson AE, Bergh I, Karlsson ], Eriksson BI, Nilsson K. Traffic flow in the
operating room: an explorative and descriptive study on air quality during
orthopedic trauma implant surgery. Am ] Infect Control 2012;40:750—5.
https://doi.org/10.1016/j.ajic.2011.09.015.

Ritter MA, Eitzen H, French ML, Hart JB. The operating room environment as
affected by people and the surgical face mask. Clin Orthop Relat Res 1975;111:
147-50.

Hannsen A, Rand J. Evaluation and treatment of infection at the site of a total
hip or knee arthroplasty. Instr Course Lect 1999;48:111—-22.

Parikh SN, Grice SS, Schnell BM, Salisbury SR. Operating room traffic: is there
any role of monitoring it? J Pediatr Orthop 2010;30:617—23. https://doi.org/
10.1097/BP0O.0b013e3181e4f3be.

Panahi P, Stroh M, Casper DS, Parvizi ], Austin MS. Operating room traffic is a
major concern during total joint arthroplasty hip. Clin Orthop Relat Res
2012;470:2690—4. https://doi.org/10.1007/s11999-012-2252-4.

Quraishi Z, Blais F, Sottile W, Adler L. Movement of personnel and wound
contamination. AORN ] 1983;38:146—7.

Lynch R], Englesbe MJ, Sturm L, Bitar A, Budhiraj K, Kolla S, et al. Measurement
of foot traffic in the operating room: implications for infection control. Am ]
Med Qual 2009;24:45—52. https://doi.org/10.1177/1062860608326419.
Bédard M, Pelletier-Roy R, Angers-Goulet M, Leblanc PA, Pelet S. Traffic in the
operating room during joint replacement is a multidisciplinary problem. Can ]
Surg 2015;58:232—6. https://doi.org/10.1503/cjs.011914.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Patel P, DiBartola A, Phieffer L, Scharsscmidt T, Mayerson]L, Glassman A, et al.
Room traffic in orthopedic surgery: a prospective clinical observational study of
time of day. ] Patient Saf 2017. https://doi.org/10.1097/PTS.0000000000000330.
Mears SC, Blanding R, Belkoff SM. Door opening affects operating room
pressure during joint arthroplasty. Orthopedics 2015;38:e991—4. https://
doi.org/10.3928/01477447-20151020-07.

Sadrizadeh S, Tammelin A, Ekolind P, Holmberg S. Influence of staff number
and internal constellation on surgical site infection in an operating room.
Particuology 2014;13:42—51. https://doi.org/10.1016/j.partic.2013.10.006.
Rezapoor M, Alvand A, Jacek E, Paziuk T, Maltenfort MG, Parvizi . Operating
room traffic increases aerosolized particles and compromises the air quality: a
simulated study. ] Arthroplasty 2017;33:851—5. https://doi.org/10.1016/
j.arth.2017.10.012.

Hamilton WG, Balkam CB, Purcell RL, Parks NL, Holdsworth JE. Operating
room traffic in total joint arthroplasty: identifying patterns and training the
team to keep the door shut. Am ] Infect Control 2018;46:633—6. https://
doi.org/10.1016/j.ajic.2017.12.019.

Pryor F, Messmer PR. The effect of traffic patterns in the OR on surgical site
infections. AORN ] 1998;68:649—60. https://doi.org/10.1016/S0001-2092(06)
62570-2.

Knobben BAS, van Horn JR, van der Mei HC, Busscher H]J. Evaluation of mea-
sures to decrease intra-operative bacterial contamination in orthopaedic
implant surgery. ] Hosp Infect 2006;62:174—80. https://doi.org/10.1016/
j.jhin.2005.08.007.

Eskildsen SM, Moskal PT, Laux ], Del Gaizo DJ. The effect of a door alarm on
operating room traffic during total joint arthroplasty. Orthopedics 2017;40:
e1081-5. https://doi.org/10.3928/01477447-20171020-03.

Johnston BL, MacDonald S, Lee S, LeBlanc JC, Gross M, Schlech WF, et al.
Nosocomial hepatitis B associated with orthopedic surgery—Nova Scotia. Can
Commun Dis Rep 1992;18:89—90.

Lot F, Seguier JC, Fegueux S, Astagneau P, Simon P, Aggoune M, et al. Probable
transmission of HIV from an orthopedic surgeon to a patient in France. Ann
Intern Med 1999;130:1—6.

Reitsma AM, Closen ML, Cunningham M, Lombardo PA, Minich HN,
Moreno JD, et al. Infected physicians and invasive procedures: safe practice
management. Clin Infect Dis 2005;40:1665—72.

Navalkele B, Krishna A, McKelvey G, Perov S, Sood K, Dakallah Y, et al. Recent
respiratory tract infection and additional surgeries increase risk for surgical
site infection in total joint arthroplasty: a retrospective analysis of 2255 pa-
tients. Open Forum Infect Dis 2017:S101—-2.

Pasquarella C, Pitzurra O, Herren T, Poletti L, Savino A. Lack of influence of
body exhaust gowns on aerobic bacterial surface counts in a mixed-
ventilation operating theatre. A study of 62 hip arthroplasties. ] Hosp Infect
2003;54:2-9.

Edmiston Jr CE, Seabrook GR, Cambria RA, Brown KR, Lewis BD, Sommers JR,
et al. Molecular epidemiology of microbial contamination in the operating
room environment: is there a risk for infection? Surgery 2005;138:573—9
[discussion 579—582].

Cole EC, Cook CE. Characterization of infectious aerosols in health care facil-
ities: an aid to effective engineering controls and preventive strategies. Am ]
Infect Control 1998;26:453—64.

Fitzgerald D, Haas DW. Mycobacterium tuberculosis. In: Mandell GL,
Bennett JE, Dolin R, editors. Principles and practice of infectious diseases. 6th
ed. Philadelphia, PA: Churchill Livingstone; 2005. p. 2852—86.

Seto WH, Tsang D, Yung RW, Ching TY, Ng TK, Ho M, et al. Advisors of Expert
SARS group of Hospital Authority. Effectiveness of precautions against drop-
lets and contact in prevention of nosocomial transmission of severe acute
respiratory syndrome (SARS). Lancet 2003;361:1519—20.

Tang JW, Li Y, Eames I, Chan PK, Ridgway GL. Factors involved in the aerosol
transmission of infection and control of ventilation in healthcare premises.
] Hosp Infect 2006;64:100—14.

Cox CS. The microbiology of air. In: Collier L, Balows A, Sussman M, editors.
Topley & Wilson's microbiology and microbial infections. 9th ed. London:
Arnold, Oxford University Press; 1998. p. 339—50.

Goldner JL, Moggio M, Beissinger SF, McCollum DE. Ultraviolet light for the
control of airborne bacteria in the operating room. Ann N Y Acad Sci
1980;353:271-84.

Lowell JD, Kundsin RB, Schwartz CM, Pozin D. Ultraviolet radiation and
reduction of deep wound infection following hip and knee arthroplasty. Ann
N Y Acad Sci 1980;353:285—-93.

Lidwell OM. Ultraviolet radiation and the control of airborne contamination in
the operating room. ] Hosp Infect 1994;28:245—8.

Allegranzi B, Zayed B, Bischoff P, Kubilay NZ, de Jonge S, de Vries F, et al. New
WHO recommendations on intraoperative and postoperative measures for
surgical site infection prevention: an evidence-based global perspective.
Lancet Infect Dis 2016;16:e288—303. https://doi.org/10.1016/S1473-3099(16)
30402-9.

Tanner J, Dumville JC, Norman G, Fortnam M. Surgical hand antisepsis to
reduce surgical site infection. Cochrane Database Syst Rev 2016:CD004288.
https://doi.org/10.1002/14651858.CD004288.pub3.

Oriel BS, Itani KMF. Surgical hand antisepsis and surgical site infections. Surg
Infect (Larchmt) 2016;17:632—44. https://doi.org/10.1089/sur.2016.085.

Liu LQ, Mehigan S. The effects of surgical hand scrubbing protocols on skin
integrity and surgical site infection rates: a systematic review. AORN ]
2016;103:468—82. https://doi.org/10.1016/j.a0rn.2016.03.003.



[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

(67]

(68]

[69]

[70]

[71]

[72]

(73]

A. Baldini et al. / The Journal of Arthroplasty xxx (2018) 1-8

Shen N-J, Pan S-C, Sheng W-H, Tien K-L, Chen M-L, Chang S-C, et al.
Comparative antimicrobial efficacy of alcohol-based hand rub and conven-
tional surgical scrub in a medical center. ] Microbiol Immunol Infect 2015;48:
322-8. https://doi.org/10.1016/j.jmii.2013.08.005.

Oriel BS, Chen Q, Wong K, Itani KMF. Effect of hand antisepsis agent selection
and population characteristics on surgical site infection pathogens. Surg Infect
(Larchmt) 2017;18:413—8. https://doi.org/10.1089/sur.2016.125.

Oriel BS, Chen Q, Itani KMF. The impact of surgical hand antisepsis technique
on surgical site infection. Am ] Surg 2017;213:24—-9. https://doi.org/10.1016/
j.amjsurg.2016.09.058.

Summers MM, Lynch PF, Black T. Hair as a reservoir of staphylococci. ] Clin
Pathol 1965;18:13—5.

Gordon R], Bannister GC, Bowker KE, Mason AC, Cheung LL, Eames R. Head-
wear in laminar flow operating theatres. ] Hosp Infect 2009;73:289—91.
https://doi.org/10.1016/j.jhin.2009.08.001.

Humphreys H, Russell A], Marshall R], Ricketts VE, Reeves DS. The effect of surgical
theatre head-gear on air bacterial counts. ] Hosp Infect 1991;19:175—80.
Friberg B, Friberg S, Ostensson R, Burman LG. Surgical area con-
tamination—comparable bacterial counts using disposable head and mask
and helmet aspirator system, but dramatic increase upon omission of head-
gear: an experimental study in horizontal laminar air-flow. J Hosp Infect
2001;47:110-5. https://doi.org/10.1053/jhin.2000.0909.

Markel TA, Gormley T, Greeley D, Ostojic ], Wise A, Rajala J, et al. Hats off: a
study of different operating room headgear assessed by environmental
quality indicators. ] Am Coll Surg 2017;225:573—81. https://doi.org/10.1016/
j.jamcollsurg.2017.08.014.

Cowperthwaite L, Holm Rebecca L. Guideline implementation: surgical attire.
AORN ] 2015;101:188—-97. https://doi.org/10.1016/j.a0rn.2014.12.003.
Kothari SN, Borgert AJ, Kowalski T]. Bang your head—bouffant vs skull caps
and impact on surgical site infections: does it really matter? ] Am Coll Surg
2017;225:e20. https://doi.org/10.1016/j.jamcollsurg.2017.07.574.

Vincent M, Edwards P. Disposable surgical face masks for preventing surgical
wound infection in clean surgery. Cochrane Database Syst Rev 2016;4:
CD002929. https://doi.org/10.1002/14651858.CD002929.pub3.

National Collaborating Centre for Women’s and Children’s Health (UK). Sur-
gical site infection: prevention and treatment of surgical site infection. Lon-
don: RCOG Press; 2008.

Skinner MW, Sutton BA. Do anaesthetists need to wear surgical masks in the
operating theatre? A literature review with evidence-based recommenda-
tions. Anaesth Intensive Care 2001;29:331-8.

Mangram A], Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for Pre-
vention of Surgical Site Infection, 1999. Centers for Disease Control and Pre-
vention (CDC) Hospital Infection Control Practices Advisory Committee. Am ]
Infect Control 1999;27:97—132. quiz 133-134; discussion 96.

Siegel JD, Rhinehart E, Jackson M, Chiarello L. 2007 Guideline for isolation
precautions: preventing transmission of infectious agents in health care set-
tings. Am ] Infect Control 2007;35:S65—164. https://doi.org/10.1016/
j-ajic.2007.10.007.

Association of Anaesthetists of Great Britain and Ireland. Infection control in
anaesthesia. Anaesthesia 2008;63:1027—36. https://doi.org/10.1111/j.1365-
2044.2008.05657 X.

Pratt R], Pellowe CM, Wilson JA, Loveday HP, Harper PJ, Jones SRLJ, et al. epic2:
national evidence-based guidelines for preventing healthcare-associated in-
fections in NHS hospitals in England. ] Hosp Infect 2007;65(Suppl. 1):S1—64.
https://doi.org/10.1016/S0195-6701(07)60002-4.

Bahli ZM. Does evidence based medicine support the effectiveness of surgical
facemasks in preventing postoperative wound infections in elective surgery?
J Ayub Med Coll Abbottabad 2009;21:166—70.

Alexander JW, Van Sweringen H, Vanoss K, Hooker EA, Edwards MJ. Surveil-
lance of bacterial colonization in operating rooms. Surg Infect (Larchmt)
2013;14:345—51. https://doi.org/10.1089/sur.2012.134.

Farach SM, Kelly KN, Farkas RL, Ruan DT, Matroniano A, Linehan DC, et al. Have
recent modifications of operating room attire policies decreased surgical site in-
fections? An American College of Surgeons NSQIP review of 6,517 patients. ] Am
Coll Surg 2018;226:804—13. https://doi.org/10.1016/j.jamcollsurg.2018.01.005.
Huijsmans-Evers AG. Results of routine tests for the detection of dispersers of
Staphylococcus aureus. Arch Chir Neerl 1978;30:141-50.

Parry JA, Karau M], Aho JM, Taunton M, Patel R. To beard or not to beard?
Bacterial shedding among surgeons. Orthopedics 2016;39:e290—4. https://
doi.org/10.3928/01477447-20160301-01.

McLure HA, Mannam M, Talboys CA, Azadian BS, Yentis SM. The effect of facial
hair and sex on the dispersal of bacteria below a masked subject. Anaesthesia
2000;55:173—6.

Lafreniére R, Bohnen JM, Pasieka J, Spry CC. Infection control in the operating
room: current practices or sacred cows? J Am Coll Surg 2001;193:407—16.
Mitchell NJ, Evans DS, Kerr A. Reduction of skin bacteria in theatre air with
comfortable, non-woven disposable clothing for operating-theatre staff. Br
Med J 1978;1:696—8.

Woodhead K, Taylor EW, Bannister G, Chesworth T, Hoffman P, Humphreys H.
Behaviours and rituals in the operating theatre. A report from the Hospital
Infection Society Working Party on Infection Control in Operating Theatres.
J Hosp Infect 2002;51:241-55.

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]
[83]

[84]

[85]

[86]

(87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

Roxburgh M, Gall P, Lee K. A cover up? Potential risks of wearing theatre
clothing outside theatre. ] Perioper Pract 2006;16:35—41. https://doi.org/
10.1177/175045890601600104.

Hee HI, Lee S, Chia SN, Lu QS, Liew APQ, Ng A. Bacterial contamination of
surgical scrub suits worn outside the operating theatre: a randomised
crossover study. Anaesthesia 2014;69:816—25. https://doi.org/10.1111/
anae.12633.

Sivanandan I, Bowker KE, Bannister GC, Soar J. Reducing the risk of surgical site
infection: a case controlled study of contamination of theatre clothing.
J Perioper Pract 2011;21:69—72. https://doi.org/10.1177/175045891102100204.
Kaplan C, Mendiola R, Ndjatou V, Chapnick E, Minkoff H. The role of covering
gowns in reducing rates of bacterial contamination of scrub suits. Am ] Obstet
Gynecol 2003;188:1154—5.

Mailhot CB, Slezak LG, Copp G, Binger JL. Cover gowns. Researching their
effectiveness. AORN ] 1987;46:482—90.

Moran E, Masters S, Berendt AR, McLardy-Smith P, Byren I, Atkins BL. Guiding
empirical antibiotic therapy in orthopaedics: the microbiology of prosthetic
joint infection managed by debridement, irrigation and prosthesis retention.
] Infect 2007;55:1—7.

Steckelberg JM, Osmon DR. Prosthetic joint infections. In: Bisno AL,
Waldvogel F, editors. Infections associated with indwelling medical devices.
3rd ed. Washington, DC: American Society for Microbiology Press; 2000.
p. 173-209.

Hawkins G, Stewart S, Blatchford O, Reilly J. Should healthcare workers be
screened routinely for methicillin-resistant Staphylococcus aureus? A review
of the evidence. ] Hosp Infect 2011;77:285—9.

Albrich WC, Harbarth S. Health-care workers: source, vector, or victim of
MRSA? Lancet Infect Dis 2008;8:289—301.

Cimolai N. The role of healthcare personnel in the maintenance and spread of
methicillin-resistant Staphylococcus aureus. ] Infect Public Health 2008;1:78—100.
Iyer A, Kumosani T, Azhar E, Barbour E, Harakeh S. High incidence rate of
methicillin-resistant Staphylococcus aureus (MRSA) among healthcare workers
in Saudi Arabia. ] Infect Dev Ctries 2014;8:372—8.

Levy PY, Ollivier M, Drancourt M, Raoult D, Argenson JN. Relation between
nasal carriage of Staphylococcus aureus and surgical site infection in ortho-
pedic surgery: the role of nasal contamination. A systematic literature review
and meta-analysis. Orthop Traumatol Surg Res 2013;99:645—51.

Kalmeijer MD, van Nieuwland-Bollen E, Bogaers-Hofman D, de Baere GA],
Kluytmans J. Nasal carriage of Staphylococcus aureus is a major risk factor for
surgical-site infections in orthopedic surgery. Infect Control Hosp Epidemiol
2000;21:319-23.

Vonberg RP, Stamm-Balderjahn S, Hansen S, Zuschneid [, Ruden H, Behnke M,
et al. How often do asymptomatic healthcare workers cause methicillin-
resistant Staphylococcus aureus outbreaks? A systematic evaluation. Infect
Control Hosp Epidemiol 2006;27:1123—7.

Danzmann L, Gastmeier P, Schwab F, Vonberg RP. Health care workers causing
large nosocomial outbreaks: a systematic review. BMC Infect Dis 2013;13:98.
Mullen A, Wieland HJ, Wieser ES, Spannhake EW, Marinos RS. Perioperative
participation of orthopedic patients and surgical staff in a nasal decolonization
intervention to reduce Staphylococcus spp surgical site infections. Am ] Infect
Control 2017;45:554—6.

De Lucas-Villarrubia JC, Lopez-Franco M, Granizo ], De Lucas-Garcia JC, Gomez-
Barrena E. Strategy to control methicillin-resistant Staphylococcus aureus post-
operative infection in orthopaedic surgery. Int Orthop 2004;28:16—20.

Dilogo IH, Arya A, Phedy Loho T. Do methicillin resistant staphylococcus
(MRSA) carrier patients influence MRSA infection more than MRSA-carrier
medical officers and MRSA-carrier family? Acta Med 2013;45:202—5.
Edmundson SP, Hirpara KM, Bennett D. The effectiveness of methicillin-
resistant Staphylococcus aureus colonisation screening in asymptomatic
healthcare workers in an Irish orthopaedic unit. Eur ] Clin Microbiol Infect Dis
2011;30:1063—6.

Kaminski A, Kammler J, Wick M, Muhr G, Kutscha-Lissberg F. Transmission of
methicillin-resistant Staphylococcus aureus among hospital staff in a German
trauma centre: a problem without a current solution? J Bone Joint Surg Br
2007;89:642—5.

Portigliatti Barbos M, Mognetti B, Pecoraro S, Picco W, Veglio V. Decoloniza-
tion of orthopedic surgical team S. aureus carriers: impact on surgical-site
infections. ] Orthop Traumatol 2010;11:47-9.

Faibis F, Laporte C, Fiacre A, Delisse C, Lina G, Demachy MC, et al. An
outbreak of methicillin-resistant Staphylococcus aureus surgical-site in-
fections initiated by a healthcare worker with chronic sinusitis. Infect
Control Hosp Epidemiol 2005;26:213—5.

Schwarzkopf R, Takemoto RC, Immerman I, Slover JD, Bosco JA. Prevalence of
Staphylococcus aureus colonization in orthopaedic surgeons and their pa-
tients: a prospective cohort controlled study. ] Bone Joint Surg Am 2010;92:
1815-9.

O'Riordan C, Adler JL, Banks HH, Finland M. A prospective study of wound
infections on an orthopedic service with illustrative cases. Clin Orthop
1972;87:188-91.

Chang CH, Chen SY, Lu JJ, Chang CJ, Chang YH, Hsieh PH. Nasal colonization
and bacterial contamination of mobile phones carried by medical staff in the
operating room. PLoS One 2017;12:e0175811.



