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Abstract

Background With the trend toward pay-for-performance

standards plus the increasing incidence and prevalence of

periprosthetic joint infection (PJI), orthopaedic surgeons

must reconsider all potential infection control measures.

Both airborne and nonairborne bacterial contamination

must be reduced in the operating room.

Questions/purposes Analysis of airborne bacterial reduc-

tion technologies includes evaluation of (1) the effective-

ness of laminar air flow (LAF) and ultraviolet light (UVL);

(2) the financial and potential health costs of each; and

(3) an examination of current national and international

standards, and guidelines.

Methods We systematically reviewed the literature from

Ovid, PubMed (Medline), Cochrane DSR, ACP Journal Club,

DARE, CCTR, CMR, HTA, NHSEED, CINAHLPLUS,

and Google Scholar published until June 2010 focusing on

ultraclean air, ultraviolet light, and laminar air.

Results High-level data demonstrating substantial PJI

reduction of any infection control method may not be

feasible as a result of the relatively low rates of occurrence

and the expense and difficulty of conducting a large enough

study with adequate power. UVL has potentially unac-

ceptable health costs and the Centers for Disease Control

and Prevention (CDC) recommends against its use.

European countries have standardized LAF and it is used

by the majority of American joint surgeons.

Conclusions Both LAF and UVL reduce PJI. The absence

of a high level of evidence from randomized trials is not

proof of ineffectiveness. The historically high cost of LAF

has decreased substantially. Only LAF has been standard-

ized by several European countries. The CDC recommends

further study of LAF but recommends UVL not be used

secondary to documented potential health risks to

personnel.

Introduction

Epidemiologic studies reveal the incidence and prevalence

of periprosthetic joint infection (PJI) may be increasing.

Kurtz et al. [22, 23] reported an overall incidence of

infection after THA of 0.88% in the United States with

urban nonteaching hospitals accounting for the majority of

these. They noted this incidence was apparently increasing

and the infection rate for revision THA is more than

double that for primary procedures. With the trend toward

pay-for-performance standards, orthopaedic surgeons must

reconsider all potential infection control measures. In

Europe, infection surveillance standards have been

implemented and surveillance is becoming compulsory.

For example, infection registration in The Netherlands is

obligatory and insurance companies use the data when

making decisions regarding which orthopedics departments

and hospitals are contracted to implant prostheses [46].

Multiple infection control measures have improved PJI

rates substantially, but there are no data to suggest that other

infection control methods are not additive. A recent eval-

uation of prophylactic antibiotics concluded that as a result

of the current low prevalence of PJI, any intervention
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designed to further reduce infection is difficult and expen-

sive requiring a large number of study patients [31].

Similarly, high-level data of clean air technology (CAT)

effectiveness in the modern operating room are limited

secondary to the feasibility of conducting a study large

enough to define substantial differences on PJI rates.

A recent study cites PJI rates of 1.9% of knee and 1.7%

of hip arthroplasties [12]. A power study assuming a 1.5%

to 2.0% infection rate would require on the order of 10,000

patients to determine the effect of any one independent

variable (power greater than 80%). Multiple variables (eg,

to test two or three variables) would require approximately

70,000 patients. This also makes cost-to-benefit compari-

sons difficult [16]. Consequently, the use of CATs remains

controversial in some quarters. The lack of high level of

evidence from a randomized trial is not, however, proof of

ineffectiveness.

Although a definitive study that could define the abso-

lute clinical benefit of these technologies has yet to be

proposed, the existing evidence remains compelling. A

systematic review of available studies contributes con-

temporary data to consider when deciding whether to use

these technologies. How these technologies are used and

their limitations need to be explored to implement or use

one of these technologies to good effect because the data

show they can be harmful if used inappropriately.

The aims of this article are to examine (1) the most

recent evidence and experience of laminar air flow (LAF)

and ultraviolet light (UVL) effectiveness; (2) the known

financial and potential health costs of each; and (3) the

national and international standards, regulation, and

guidance.

Search Strategy and Criteria

The literature search results for CAT used the reference

database Ovid. Using the search terms (‘‘laminar air’’ OR

‘‘laminar air flow’’ OR ‘‘laminar air-flow’’ OR ‘‘laminar

airflow’’ OR ultraclean OR ‘‘Ultraviolet Rays’’[Mesh] OR

‘‘ultraviolet light’’ OR ‘‘uv rays’’ OR ‘‘uv light’’) and

(‘‘Operating Rooms’’[Mesh] OR ‘‘General Surgery’’[Mesh]

OR ‘‘operating room’’ OR ‘‘operating suite’’ OR ‘‘opera-

tive suite’’ OR surgery OR surgical) were combined with

(‘‘Cross Infection’’[Mesh] OR ‘‘Infection Control’’[Mesh]

OR ‘‘Environment, Controlled’’[Mesh] OR ‘‘cross infec-

tion’’[tiab] OR ‘‘infection control’’[tiab] OR ‘‘controlled

environment’’[tiab]); 268 items were identified in PubMed

(Medline).

Using the same strategy, 25 items were found in Web of

Science (includes SCI and SSCI), 11 items were found in

Evidence Based Medicine Reviews (Cochrane DSR, ACP

Journal Club, DARE, CCTR, CMR, HTA, and NHSEED),

26 items were found in CINAHLPLUS, and none were

found in International Pharmaceutical Abstracts 1970 to

May 2010.

Google Scholar was searched with ([laminar air],

[laminar air flow], [laminar air-flow], [laminar airflow],

[ultraclean], [Ultraviolet Rays], [ultraviolet light], [uv

rays], or [uv light]) and identified 48 articles. Abstracts of

all papers were independently reviewed by the author

(RPE). We identified two prospective randomized con-

trolled trials.

Each of these was reviewed and items were removed

manually that did not pertain to any surgery in an inpatient

hospital operating room.

Results

Laminar Air Flow Effectiveness

Vertical LAF ensures directional air flow through high-

efficiency particulate air (HEPA) filters and positive air

pressure within the canopied area at the surgical site.

Outside the canopy area, the downward flow of air is

brought up and recirculated along with new air. In 2003,

the National Institutes of Health (NIH), Office of Research

Services, Division of Engineering Services, conducted an

extensive study of operating room ventilation system

designs and their effect on the protection of the surgical site

[32]. The overwhelming conclusion was that systems pro-

viding LAF regimes represent the best option for an

operating room in terms of contamination control, because

they result in the smallest percentage of particles impacting

the surgical site.

Multiple studies have described improved PJI rates with

LAF [2, 10, 11, 13, 15, 17–19, 22, 24–27, 32, 34, 36, 42,

48]. In 1969 and 1972, Charnley [10, 11] reported an initial

infection rate of 9.5% for his series of primary THAs.

Using a combination of clean air systems and occlusive

operating gowns, he reduced PJI nearly 20-fold to 0.5%.

Historical high-level data demonstrate that LAF technol-

ogy without systemic antibiotics reduces the prevalence of

infection from 3.4% to 1.2% [26].

LAF systems have evolved considerably through the

years from horizontal to vertical and now vertical expo-

nential designs. Horizontal LAF designs push a HEPA-

filtered positive pressure plane of air or plenum in a

horizontal direction over the surgical site. Vertical LAF

push LAF plenums from the ceiling to the floor. Vertical

designs are superior to horizontal with the latest vertical

exponential system designs directing focal sterile air turn-

over at and then away from the surgical wound. Vertical

exponential design LAF air plenums have the shape of the

end trumpet sitting front end down on the floor and air
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intake is at floor level. LAF is designed for use with body

exhaust suits to decrease bacterial and skin particle

(squame) shedding from operative personnel into the air

plenum. Thousands of squames are shed per minute by

each person in the operating room. The early body exhaust

suit design was inspired after astronaut suits and some were

obtained from the Jet Propulsion Laboratory (JPL) in

Pasadena, CA (Fig. 1). Contemporary gear has an unteth-

ered self-contained air feed and options for a headlight and

two-way radio (with all operative personnel on the same

radio band width) and even a feed for music or radio.

Studies documenting the merits of any one LAF system

or technology usually do not include system design data

and therefore specific system comparisons and recom-

mendations cannot be made. With the use of nonlaminar

HEPA filters in conventional operating room ventilation

systems, there is a tendency to promote them as having

clean room technology standards used in industry. This

claim is based on measuring the presence of airborne

particles of varying sizes and numbers, which may be

better suited than bacterial sampling but is not standard-

ized. Similarly, there are no standardized methods or

frequency for bacterial air sampling. Few countries have

set bacterial threshold limits for conventionally ventilated

operating rooms, although most recommend 20 room air

changes per hour to obtain 50 to 150 colony-forming

units/m3 of air. Standard operating room air systems

have evolved as well and are sometimes promoted as

LAF-equivalent, although performance and design differ-

ences remain substantial. Specifically, standard systems

create turbulent air as the performance increases, which

increase the risk of mixing newly filtered air with less clean

air or aerosolizing surfaces particles.

In contrast, an exponential vertical LAF system is

defined with these basic specifications: a canopy of

approximately 18 inches high and approximately 10 feet

square attached to the ceiling containing a full diffuser to

focus and direct the filtered air plenum downward over the

wound site and the immediate surgical team and a down-

ward air speed of approximately 75 feet per minute with a

circulation rate of approximately 450 changes per hour. In

this manner, the surgical team is continually ‘‘washed’’

with clean filtered air in a positive pressure air environ-

ment. LAF results in a reduction in airborne bacterial

colony-forming units and dust or squames large enough

(greater than 10 lm) to carry bacteria aloft. A count of one

or two particles of greater than 2 lm/m3 of airflow at the

wound level in this type of system is typical.

Charnley realized that one of the main routes of wound

contamination and infection was the air in the operating

room. By using occlusive garments for operating room

personnel, he was able to achieve a 20-fold reduction of his

infection rates [10, 11]. The only randomized controlled

trials of LAF were conducted on 8055 patients undergoing

knee and hip surgery in a multicenter, multinational trial

reported by Lidwell in 1982, 1986, and 1987 [26–28]. This

study examined the effect of conventional ventilation, LAF

ventilation with body exhaust suits, and LAF without body

suits on surgical site infection after joint surgery. Although

this study demonstrated a decrease in air contamination

coupled with a decrease in clinical joint infections with

LAF ventilation, the study has been criticized for not

strictly controlling the use of prophylactic antibiotics. Of

note, however, is that in over 8000 arthroplasties, the PJI

rate after operations where ultraclean LAF was used alone

and without antibiotics decreased from 3.4% to 1.6%,

whereas the rate for those who received only antimicrobial

prophylaxis and no LAF decreased from 3.4% to 0.8%.

When both interventions were used in combination, the PJI

rate decreased from 3.4% to 0.7%. The Centers for Disease

Control and Prevention (CDC) stated these findings suggest

both ultraclean LAF and antimicrobial prophylaxis can

reduce the incidence of PJI, but antibiotic prophylaxis is

more beneficial than LAF [30]. The British North West Hip

Arthroplasty Register published data for 86 surgeons from

26 hospitals where all operating rooms had vertical LAF

systems; 93.3% of operations were performed in the sur-

geon’s usual operating room, 42.2% of respondents

routinely used exhaust suits, and 68.1% of respondents

routinely used impermeable disposable gowns [29]. The

cultural acceptance of LAF as a best practices measure

results in Charley’s LAF etiquette being followed. This in

turn reduces the paradoxical increase in PJI rates found

when the air is contaminated by personnel standing

upstream to the surgical wound [1], not wearing body

exhaust suits and helmets [41, 45], or allowing too many

Fig. 1 A hip arthroplasty laminar flow space suit developed by

Martin Marietta circa 1972 is shown. Reprinted with permission of

Colleen Mann.
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people or unnecessary activity in the operating room [8, 10,

11]. Strict attention to LAF protocol is essential [14]

because there can be paradoxical increases in the rates of

infection if these concepts are disregarded [41].

In contrast, recent retrospective German experience [6]

claimed a paradoxically higher risk of PJI after hip

prosthesis when surgery was performed in HEPA-filtered

vertical LAF ventilation versus turbulent ventilation with

HEPA-filtered air. This study included 99,230 operations

(hip and knee arthroplasty, appendectomy, cholecystec-

tomy, colon surgery, and herniorrhaphy) from 63 surgical

departments participating voluntarily in the German hos-

pital infection surveillance system, Krankenhaus

Infektions Surveillance System (KISS). Participation in

KISS is explicitly recommended by the German state

authorities and postdischarge surveillance is strongly rec-

ommended, although a ‘‘gold standard’’ method to do so is

not available. It is unclear in this study whether all of the

patients with infections were identified and counted and

whether the most important confounders contributing to

infection risk were identified. Postoperative surveillance,

obesity, smoking, glucose, temperature control, and

information about patient-specific antibiotic prophylaxis

and LAF etiquette were not standardized or included as

part of the data collection or analysis. Of note, in a 2006

German study by the same author [7] in the KISS system,

multiple logistic regression analyses of pooled data for all

operative procedures revealed that participation in the

KISS surveillance system was a notable independent

protective factor. The surgical site infection incidence was

reduced by one-fourth as a result of the surveillance-

induced infection control efforts alone. The PJI rate in

35,587 THAs performed by both orthopaedic and trauma

general surgeons was reduced from 2.15% in Year 1 to

1.61% in Year 4. It is unclear if this protective effect was

only temporary based on the subsequent LAF article

2 years later.

In the United States, 6489 knee arthroplasties were

performed using vertical LAF, body exhaust suits, and

24 hours of perioperative antibiotics resulting in a PJI rate

of 0.43% [35]. This was compared with an earlier study at

the same institution by Salvati et al. [41] that showed an

increased early infection rate (3.9%) using horizontal LAF

without exhaust suits. This study has been quoted as

demonstrating that LAF is not beneficial and even delete-

rious. However, this paradoxical increase in PJI was

determined to be secondary to personnel placement in the

LAF upstream to the surgical wound. Strict attention to the

LAF protocol is essential because there can be paradoxical

increases in the rates of infection if these concepts are

disregarded [41, 45].

Even without the availability of other high-level

data, this knowledge can be useful during investigations

of healthcare facilities where local PJI rates increase

inexplicably. Termination of an infection outbreak is often

the result of application of multiple interventions directed

at multiple risk factors [8, 16], the majority of which

cannot be independently and rigorously evaluated. The

author participated as a member of a team of experts rep-

resenting various specialties in the evaluation of a Virginia

hospital that had suddenly suffered dramatically increased

PJI rates when apparently adequate infection control was in

place. The factor identified as the greatest threat was a

change in operating room air cleanliness after conventional

operating room air function was ‘‘upgraded’’ to that of a

modern office building. PJI rates returned to the previous

average after conventional operating room air exchange

and distribution was corrected and vertical LAF units were

installed for prosthetic surgery (written communication,

Evelyn Barram-Clothier, American Medical Foundation,

Philadelphia, PA).

Ultraviolet Light Effectiveness

Air decontamination using UVL has been pioneered in the

United States. Before 1936, Duke University had infection

rates of 11.3% with mortality rates from infection of 1.3%

for all surgery types. In 1936, UVL units were installed

plus modern air conditioning with its rapid air change and

bacterial dilutional effects, which reduced air contami-

nants. By 1960 [20], this brought the infection rate to

0.24% and the death rate to zero. In 1980, Duke University

[28] demonstrated that the PJI rate of hip arthroplasty fell

from 3.1% to 0.53% with the use of UVL at intensities of

25 to 30 lW/cm2.

Studies examining UVL have studied a variety of

ultraviolet intensities in association with other infection

control methods and surgical techniques. Short-wavelength

ultraviolet germicidal irradiation (UVGI) is a UVL that has

a sufficiently short wavelength to destroy microorganisms.

The efficacy of UVL, specifically UVGI, for intraoperative

infection control is not well defined in modern operating

room environments. Several investigators have shown that

UVL is reduces the risk of surgical site infection or has

been used in conjunction with LAF or body exhaust tech-

niques [3, 39, 46]. Initial levels of ultraviolet radiation used

were selected based on health and safety concerns,

but more recent studies have used intensities of up to

300 lW/cm2 without reporting side effects [39]. Lidwell

[25] reported a similar level of decontamination can be

achieved with either LAF or UVL at 300 lW/cm2 but only

if there is relatively low contamination present to begin

with. Other studies demonstrated colony counts in air

treated with UVL at 290 lW/cm2 were less than in

operating rooms with Charnley-Howarth vertical LAF
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enclosures [3]. Taylor et al. [46] performed a similar study

in LAF operating rooms using UVL at 300 lW/cm2 and

looked at colony counts on the wound edges and in the air

during THA. UVL was left off for the first 15 minutes of

the procedure and then turned on. These authors found

high levels of air and wound contamination without UVL,

but after 15 minutes of UVL exposure, these areas were

sterile.

In 2007, Ritter et al. [39] documented, over a 19-year

period, 47 infections occurred after 5980 joint arthroplas-

ties. The infection rate without UVL (and with LAF) was

1.77%, and the infection rate with UVL was 0.57%

(p \ 0.0001). The odds of infection were 3.1 times greater

for procedures performed without UVL (and with LAF)

as compared with those performed with only UVL

(p \ 0.0001).

In a controlled trial by the National Research Council of

North America, postoperative infection in the ‘‘refined

clean’’ surgical procedures decreased significantly (3.8%–

2.9%). However, they found little benefit using UVL in

clean cases and no benefit when using on previously con-

taminated wounds [38]. The efficacy of UVL is decreased

in the presence of blood [40].

Laminar Air Flow Costs

LAF systems have historically been a high-cost technology

and this has been used as a rationalization not to invest in

the technology. That used to be true. Costs of a $50,000.00

LAF operating room in 1974 [21] is equivalent to

$219,035.50 in 2009 dollars [9], whereas the actual cost

today ranges from $60,000.00 to $90,000.00 for construc-

tion and installation of an exponential LAF system into a

new operating room (written communication, James A.

Nagel, President, BioAir Systems, 2010).

By comparison, the cost of a single total hip infection in

one study is as high $156,830.00 in 2005 dollars and

averaged 4.8 times higher than the direct medical costs

associated with primary THA [5]. Additionally, infection is

currently the most frequently reported reason for revision

in TKA [4]. The cited costs of a single PJI treatment do not

include the costs associated with retreatment of failed

treatment. Treatment costs per patient grow dramatically

with each applied treatment.

Ultraviolet Light Costs

UVL is relatively inexpensive and easy to install and run.

However, at the high-intensity ultraviolet radiation levels

used in recent years, there are implications of health and

safety costs. In particular, all exposed skin must be

protected and it is recommended that the operating team

needs to wear two caps, visors, and occlusive clothing.

The latest CDC recommendations in 2003 recom-

mended not using UVL to prevent surgical site infection

[43]. This was a Category IB recommendation—strongly

recommended for implementation and supported by certain

experimental, clinical, or epidemiologic studies and a

strong theoretical rationale. The NIH, CDC, National Sci-

ence Foundation/American National Standards Institute,

and the American Biological Safety Association all agree

ultraviolet lamps are not recommended. The safety hazards

associated with UVL exposure include cornea burns and

skin cancer.

Finally, in 2007, a major eastern academic hospital

requested an evaluation of their previous years of use of

UVGI light in their operating rooms by the National

Institute of Occupational Safety and Health (NIOSH). The

request was for a determination of the health and safety

analysis of current ultraviolet use and whether to put UVL

into newly constructed operating rooms. The evaluation

found ultraviolet exposure was six to 28 times greater than

the recommended exposure limit. Furthermore, some sur-

gical masks and one reinforced gown did not reduce UVL

to safe limits. Of 14 current orthopaedic operating room

nurses and technicians, five reported having symptoms

possibly related to ultraviolet exposure. Three employees

had eye changes, one had skin changes, and one had eye

and skin changes. Three employees were diagnosed with

melanoma, three with basal cell carcinoma, and five with

actinic keratoses out of 22 skin screenings since 2003. This

NIOSH report also documents UVGI lights were never

installed in this hospital’s new operating rooms [44]. Thus,

the important potential costs associated with UVL are in

terms of health of operating room personnel.

Laminar Air Flow National and International

Standards and Guidelines

The majority of total joint surgeons in the United States use

LAF and body exhaust suits when available. A recent four-

state survey revealed 30% of hospitals reported greater

than 75% use of LAF in greater, and 42% regularly used

body exhaust, whereas only 5% regularly used UVL [33].

The other hospitals in this survey used LAF and body

exhaust suits less than 75% of the time.

In 1999, the CDC suggested both ultraclean air and

antimicrobial prophylaxis can reduce the incidence of

surgical site infection in orthopaedic implant operations

[30]. The CDC, in 2003 [43], stated no recommendation is

offered for performing orthopaedic implant operations in

rooms already supplied with LAF and classified it as an

unresolved issue.
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The CDC also provides guidance and regulation of

product and personnel protection for healthcare LAF

‘‘clean benches’’ used in clinical, pharmaceutical, and

laboratory facilities. These Biological Safety Cabinets

(BSCs) use HEPA filtration and vertical LAF across the

work surface. The CDC [43] also provides guidance and

regulation of the use of a one-piece, ventilated positive-

pressure personnel suit protection often used with Class III

BSCs [47]. It appears inconsistent that the CDC recom-

mends the use of LAF in medical cabinets but not in joint

arthroplasty. In contrast, CDC recommendations are con-

sistent for UVL, which are not recommended in the

operating room nor permitted in BSCs. Like in previous

CDC guidelines, each recommendation is categorized on

the basis of existing scientific data, theoretic rationale,

applicability, and possible economic benefit. The recom-

mendations are evidence-based wherever possible.

However, certain recommendations are derived from

empiric infection control or engineering principles, theo-

retic rationale, or experience gained from events that

cannot be readily studied.

The analysis of surgical LAF systems has resulted in

specific national standards in many countries. Examples are

the UK Health Technical Memorandum (HTM 2025) in the

United Kingdom and territories and the German VDI

Standards, both of which have resulted in LAF becoming

a standard of care regulated by those countries. In the

United Kingdom, 1999 recommendations were made by

the British Orthopedic Association (BOA) and the National

Institute of Health and Clinical Excellence on the measures

that can be taken to avoid PJI. The BOA views the avail-

ability of well-maintained clean air theaters as being vital

for hospitals performing arthroplasty. Data from the United

Kingdom National Joint registry show 98% of all hip

arthroplasties are carried out in operating rooms equipped

with LAF technology. Current rates of 0.3% in Sweden and

1.4% in the United Kingdom are now accepted as the true

risk of infection associated with joint replacement [48].

Ultraviolet Light National and International

Standards and Guidelines

Although not recommended by the CDC, UVL is still

currently being used by approximately 5% of US surgeons

but has not become regulated or gained widespread popu-

larity in the United Kingdom or Europe.

Discussion

The prevention of infection in orthopaedics is a compre-

hensive issue. One of the main goals of modern surgery is

to avoid a postoperative infection and this can only be

accomplished by a surgeon’s thorough understanding of the

factors that may contribute to infection. Although periop-

erative antibiotics have contributed considerably to

decreased surgical site infection rates, it cannot be expec-

ted prophylactic antibiotic treatment will compensate for

mistakes made in operative protocols, inadequate operative

techniques, shortcomings in the operating room environ-

ment and equipment, or insufficient preparation of patients.

The present low incidence of PJI can only be maintained

and improved on by identifying and correcting all factors

that may lead to infection and using every method or

technology that will assist in achieving that goal [16, 30,

37, 42]. The aims of this article therefore were to examine

(1) the most recent evidence and experience of laminar air

flow (LAF) and ultraviolet light (UVL) effectiveness;

(2) the known financial and potential health costs of each;

and (3) the national and international standards, regulation,

and guidance.

The limitations of this study are that the literature

provides data that are evidence-based wherever possible,

but recommendations are also derived from empiric

infection control or engineering principles, theoretic

rationale, or experience gained from events that cannot be

readily studied. Many of the studies available are not

high-level prospective but often retrospective from one

institution. Conclusions about CAT in the modern oper-

ating room remain controversial secondary to the

difficulty of conducting a study large enough to define

differences in PJI rates. The lack of a high level of evi-

dence from a randomized trial is not, however, proof of

ineffectiveness.

The cost analysis of LAF reveals that the expense of this

technology has decreased substantially over the years as

most technology does as it matures. Currently the cost of

installation of LAF approaches the cost of treatment of one

or two PJIs. Studies have demonstrated that although the

cost of UVL is relatively inexpensive, the greater costs

may need to be measured in potentially unacceptable

human health costs to operative personnel. In contrast, the

financial and human health costs of PJI specifically are a

burden greater than the costs of CAT and can only be

alleviated with strict compliance with current concepts in

infection prevention and the continued development of

advances in prevention.

This patient safety issue has reached national and

international prominence and CAT standards and guide-

lines and surgical site infection registries have been

implemented primarily in Europe and are in the early

stages of development in the United States. With the trend

toward pay-for-performance standards, increasing inci-

dence of resistant organisms, and studies suggesting the

incidence of PJI may be increasing, all potential infection
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control measures need to be reconsidered for use. Newer

evaluations in today’s surgical environment are needed to

maximize these technologies to become part of the multi-

factorial infection prevention effort. Surgeons are in the

position to make even greater advances in reducing PJI and

help steer the establishment of evidence-driven and con-

sensus national guidelines that will be implemented in the

future. Sights should be set on developing a definitive

strategy for study of CAT and other prophylaxis technol-

ogies. This task could be facilitated by a CAT and

prophylaxis infection data registration effort potentially

facilitated by the newly established American total joint

registry that would provide an evidence base for future

analysis and refinement of surgical site prevention

interventions.

Areas of future research for LAF should include the

value of LAF technology for joint arthroplasty as well as

surgeries other than joint arthroplasty. It should be deter-

mined whether particulate sampling can be routinely

performed in lieu of microbiologic sampling for purposes

such as determining air quality of clean environments.

Furthermore, comparison of LAF technology to standards

for new non-LAF construction or renovation should be

completed to determine whether they are equivalent or

complementary. Costs of all technologies typically

decrease with time and guidance for the acquisition of

effective LAF and non-LAF systems should be developed.

Finally, the potential reverse isolation benefits of body

exhaust suits and LAF in the face of surgery on a patient

with a preexisting viral or bacterial infection needs to be

evaluated.

Areas of future research for high-intensity UVL

should include verifying the radiation levels and type

required to obtain air sterilization and evaluating the

healthcare personnel exposure in institutions with high-

intensity UVL. If cause and effect between the high-

intensity UVL and conditions similar to those identified

in the NIOSH evaluation are identified, then reconsider-

ation of the use UVL altogether may be needed to

implement better operating room personnel protection.

Concerns with the human costs of high-energy UVL air

decontamination are real and must be considered if this

technology is used.

Analysis of any independent variable that may reduce

PJI such as LAF or UVL would require standardizing the

independent variables that will be studied. If LAF or UVL

technologies are studied as the independent variable, then

standardization would include the current state-of-the-art

technology of that independent variable, which would

include technical specifications of the LAF technology

being studied. Dependent variables will have to be

controlled or standardized or equalized in such a study

and would include modern technical specifications of

traditional modern non-LAF operating rooms; prophylactic

antibiotics route, type, and timing administration; patient

comorbidities; skin preparations; incise barriers; surgical

gowns; operating room equipment that may contribute to

contamination; behavioral change in personnel relative to

the used technologies; personnel etiquette and discipline;

and elimination of other random vectors of wound con-

tamination. A controlled prospective study large enough to

provide adequate data for comparison should allow deter-

mination of cost-effectiveness of each infection control

strategy.
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