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Background: Periprosthetic joint infection may result from pathogen to patient transmission within the
environment. The purpose of this study is to evaluate the contamination level of selected high-touch
surfaces in the operating room (OR) using a blacklight fluorescent marking system after a manual ter-
minal clean.
Methods: Prior to the manual terminal clean, 16 high-touch surfaces were marked using a blacklight
fluorescent gel. The marked areas were assessed the next morning for thoroughness of cleaning. Surfaces
were categorized based on the average percent of the marks removed as “clean” (>75%), “partially clean”
(26%-74%), or poorly cleaned (<25%). This process was repeated randomly 12 times. Terminal cleaning
was done in the standard fashion, and the perioperative team was unaware of the initiation of this study.
Results: A total of 936 marks were analyzed. There was a significant difference in the number of marks
completely clean (29.1%, 272/936) vs marks that were not touched (40.8%, 382/936), P < .001. Only the OR
back table (75%) had a rating of clean. Partially clean areas included Mayfield table (72%), overhead lights
(70.1%), infusion pump (61.1%), clock reset button (58.3%), table remote control (50%), tourniquet ma-
chine (50%), and the OR table (33.3%). Poorly cleaned surfaces included anesthesia medication cart
(21.8%), door handles (20.8%), phone (16.7%), electrocautery unit (16.7%), foot pedal (16.7%), anesthesia
cart (16.2%), nurses’ station (14.1%), and supply cabinet doors (6%).
Conclusions: Effectiveness of manual terminal cleaning varied greatly across surfaces. In general, surfaces
further from the operative field were less likely to have markings removed.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction High-touch surfaces in the operating room (OR) at risk for gaps

in cleaning have been identified in previous studies [7—10]. These

The prevention of surgical site infection and periprosthetic joint
infection (PJI) in orthopedic surgery is multifactorial [1—6]. Of the
potential modifiable risk factors, pathogen to patient transmission
within the environment has been an area of focus in total joint
arthroplasty (TJA) [1]. Most arthroplasty surgeons believe there is a
proportional relationship between colony forming units in the
environment and the incidence of PJI in TJA [1].
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studies have suggested many surfaces in the OR (ie, anesthesia cart,
nurses station, OR bed) have been inadequately cleaned which has
led to recommendations for improvements in targeted cleaning
and staff education. There is growing evidence that the hospital
environment, including the OR, is often not cleaned thoroughly or
in a manner consistent with relevant hospital policies [8—12].
These surface areas in the OR may be an area of intracase cross-
contamination if not cleaned and disinfected appropriately. Theo-
retically, direct contamination or airborne bacterial contamination
may lead to an increase risk of PJI [7,10,12—17].

Ideally, prevention of PJI is the preferable treatment in terms
of both patient outcomes and cost. Prevention requires the
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identification and control of the potential sources of microbial
contamination. A terminal room disinfection has been the widely
accepted standard of practice; however, deficiencies in this process
have been reported [18,19]. These studies have shown that visual
inspection is a poor indicator of cleaning efficacy and have targeted
other means for clinical evaluation (ie, fluorescent, adenosine
triphosphate bioluminescence). The importance of this cannot be
overemphasized particularly in TJA surgery where “contaminated”
cases are typically performed at the end of the day. These de-
ficiencies in terminal cleaning may lead to an increase in OR bac-
terial burden which may have a direct impact on aseptic cases the
following day. Therefore, the purpose of this study is to evaluate the
contamination level of selected high-touch surfaces in the OR using
a blacklight fluorescent marking system after a manual terminal
clean.

Material and methods

This was a prospective observational study performed at a single
institution. Approval from our institutional review board was ob-
tained prior to initiation of the study. This study was conducted
between February 2020 and January 2021. The gap encountered
was secondary to the COVID-19 pandemic and a brief pause in our
research capabilities at our institution. The ORs utilized were rooms
designed specifically for and only have primary and revision TJA
procedures routinely performed during the day. A transparent,
easily removable gel solution that dries rapidly and fluoresces
when exposed to ultraviolet (UV) light was used to mark 16
selected (78 predetermined areas within the surfaces) OR high-
touch surfaces (Table 1, Fig. 1) after the last procedure of the day
and prior to the manual terminal clean. A small drop of the fluo-
rescent marking gel was placed on a nonporous surface and lightly
spread with a cotton swab (Q-tip) in a circular pattern to make a
dime-sized mark (5-10 mm) until the surface gel was no longer
visible. Similar techniques with the use of a UV gel have been
validated in previous studies [20,21]. The predetermined number of
spots were recorded for each surface. The gel was allowed to dry.
Manual terminal cleaning was done in the standard fashion, and

Table 1
High-touch surfaces.

the perioperative team was unaware of the initiation or completion
of this study. The terminal clean at our institution is standardized,
and the same staff performs this process daily.

The marked areas were assessed the next morning for the
thoroughness of cleaning. Throughout the study, only 1 member of
the research team performed the application and observations of
the UV markers. Surfaces were categorized based on the average
percent of the marks removed as “clean” (>75%), “partially clean”
(26%-74%), or poorly cleaned (<25%) (Fig. 2). We arbitrarily used the
percentages to help define the thoroughness of the areas being
cleaned. We felt this was a better representation than “all or
nothing.” This process was repeated randomly 12 times. The data
collected in this study will be utilized to help improve the thor-
oughness of cleaning by instituting a monitoring and feedback
program. This has been done successfully in the OR and other areas
of the hospital in previous studies [11,12].

Statistical analysis

Proportions to compare thoroughness of cleaning were calcu-
lated and analyzed using Fischer’s exact test. Statistical analysis was
performed using Minitab v. 18.1 (Minitab, State College, PA).

Results

Overall, 12 different OR terminal cleanings were performed. A
total of 936 marks were analyzed from the 16 high-touch surfaces.
There was a significant difference in the number of marks
completely clean (29.1%, 272/936) vs marks that were not touched
(ie, 0% of the marks removed; 40.8%, 382/936, P < .001). Results
showed that the mean overall thoroughness of cleaning (ie,
expressed as a percentage of objects evaluated) was 37.5% (stan-
dard deviation, 32.9; confidence interval, 18.9-56.2) (Table 2). Only
the OR back table (75%) had an average rating of clean. Partially
clean areas included Mayfield table (72%), overhead lights (70.8%),
infusion pump (61.1%), clock reset button (58.3%), table remote
control (50%), tourniquet machine (50%), and the OR table (33.3%).
Poorly cleaned surfaces included anesthesia medication cart

High-touch surfaces Marking location

1. Operating room table

2. Operating room table control
3. Back table
4, Mayfield table

5. Electrocautery control unit

6. Intravenous pump

7. Anesthesia machine (including
machine knobs and screen)

8. Supply cabinet doors
9. Medication cart

10. Clock reset/start button

11. Nurses’ documentation station
(including telephone, mouse,
monitors, keyboard, and scanner)

12. Door handles (x2)

13. Overhead light

14. Turnover call telephone
15. Tourniquet machine

16. Foot pedal pressurizer

Area on top (facing ceiling) of middle of the bed, end of the bed, and area in the middle 3 spots in a line down (as viewed from the
foot of the bed).

Two spots, 1 on each of the ends in the middle on the control panel.

Area on top (facing ceiling), 5 markings, 1 at each end and 3 in the middle. Area on the bottom, 1 mark in the middle.

Area on top (facing ceiling), 3 markings, 1 at each end and 1 in the middle. Area on the bottom, 1 mark on the left leg (closest leg
to the bed).

All 3 areas of the control unit and 3 markings on the top.

Middle buttons on the side of the display monitor, to the left and right. Buttons on control unit below monitor.

Area on the top monitor, 3 spots along the bottom of the touch screen, area to the right and the left of the computer monitor, area
on the handle of the keyboard used to adjust the keyboard, area in the middle of both lower drawers, 2 spots on the middle
monitor 1 in the middle of the bottom row of buttons and 1 in the middle of the right side of buttons, all 4 knobs below this same
monitor. Three spots on the working surface facing the ceiling attached to the anesthesia machine across the middle.

Area on the 3 center top cabinets doors, 1 marking on each handle and another on the middle bottom surface of each door.
All drawers in the middle, the monitor, on the touch to start here button, and the surface facing the ceiling in the middle of the
cart.

One mark on the stop/start button.

One mark on the bottom middle of the main computer screen, 1 mark on the telephone handle, 1 mark on both mouse, 1 mark on
both keyboards on the space bar, and surface on the far left, far right, and middle of the desk. One mark on each side of the far-left
computer screen on the adjustable station, 1 mark on the keyboard handle that moves the workstation in the middle. One mark
on the trigger button of the scanner.

In the middle of each handle, 1 marking

1 Marking on bottom handle and in the center of the light above the handle.

1 Marking in the middle of the telephone handle.

One mark on the far-left button and another mark on to the left of the screen in the middle.

One mark on the tubing just above the foot pedal device.
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Figure 1. Example of marked surfaces on the OR back table.

(21.9%), door handles (20.8%), phone (16.7%), electrocautery unit
(16.7%), foot pedal (16.7%), anesthesia cart (16.2%), nurses’ station
(14.1%), and supply cabinet doors (6.9%).

Discussion

Despite the use of trained perioperative service personnel and
policies at our institution, we found many areas of improvement
needed in the terminal OR disinfection process. Of the high-touch
surfaces we investigated, only the OR back table had an average
rating of “clean”. This inconsistency of cleaning and environmental
contamination is similar to previous reports in the literature
[11,12,18—21]. These studies have clearly shown that visual in-
spection alone is not adequate in the terminal disinfection process.
As such, most of these studies have recommended an enhanced
cleaning protocol (ie, staff education, UV light) to supplement this
process.

It is clear that the OR environment can become contaminated
with pathogens and may lead to an increase risk of PJI
[8—10,14—17,21]. This may be secondary to suboptimal cleaning
practices. The original standard for determining cleanliness within
the hospital environment was visual inspection until this was
proven to be inferior to more quantitative methods [22—25]. Visual
inspection is subjective and less sensitive than other evaluation

methods such as the use of the gel solution in this study [20—26].
Our data show that there may be a need for more stringent cleaning
and disinfection of the OR environment as an adjuvant to standard
infection control protocols used for arthroplasty procedures.

Improvements in cleaning procedures within the hospital and
OR can be and have been done with success [1,8,9,11,12,
20,21,23—25,27]. The use of microbiologic analysis of surface
hygiene, the use of fluorescent markers or adenosine triphosphate
assays to assess the thoroughness of cleaning, gives the opportunity
for providing feedback of cleaning performance. Educational cam-
paigns and awareness have been shown to be effective techniques
to improve the cleaning process and thus reduce contamination of
surfaces [1,8,9,11,12,19—21,24]. Based on the data from this study,
we plan to implement these techniques in our standard practice.

No-touch room decontamination systems such as UV light for
terminal disinfection of ORs have been shown to help reduce and
eliminate residual pathogens on surfaces [1,2,28—39]. These sys-
tems when implemented appropriately eliminate the “human er-
ror” portion of the cleaning process. While the manual terminal
clean is still utilized, this adjunct certainly may be warranted to
decrease contamination. One limitation of this technology is the
practicality of its use since, in general, these systems are recom-
mended for unoccupied times in the OR. This typically requires a
hospital employee to move these machines from room to room
after the operative day and clean them completely. Newer tech-
nology may allow for in-room use to decrease environmental
contamination; however, further research is needed in this area to
assess the efficacy and safety [40]. This would potentially allow for
the terminal clean and adjunct UV-light disinfection to occur
simultaneously.

This study is not without limitations. Our data were limited to
the terminal cleaning process and did not account for between-case
cleanings. The cleaning between the cases may have left more
environmental contamination since there is typically a “rush” to
turn the rooms over in our busy arthroplasty practice. We were
unable to do this secondary to the flow of our OR and the blinding
of this study to the perioperative staff. We did not obtain cultures
from the surfaces. While this would have been ideal, our hospital
system does not allow cultures for environmental purposes.
Nevertheless, the intent of this study was to identify areas that may
not get thorough cleaning, not to evaluate for cultures. We intend to
implement further treatments to the high-touch surfaces with UV
light treatment and perioperative cleaning education in our future
studies. Cultures of these surfaces may be considered for further

Figure 2. Markings seen with a florescent light as “poorly cleaned” (a), “partially cleaned” (b), and “clean” (c).
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Table 2
High-touch surfaces mean proportion cleaned.

Object Mean proportion cleaned (%) Lowest proportion cleaned (%) Highest proportion cleaned (%)  Standard deviation = 95% CI

Back table 75.0 16.7 100.0 345 55.5 to 94.5
Mayfield table 72.2 0.0 100.0 343 52.8t0 91.6
Overhead light 70.8 0.0 100.0 334 51.9 to 89.7
Intravenous pump 61.1 0.0 100.0 37.2 40.1 to 82.1
Clock reset/start 58.3 0.0 100.0 51.5 29.2 to 87.5
Operative room table control ~ 50.0 0.0 100.0 52.2 20.5t0 79.5
Tourniquet machine 50.0 0.0 100.0 42.6 259 to 74.1
Operative room table 333 0.0 80.0 31.1 15.7 to 51.0
Medication cart 219 0.0 62.5 214 9.8 to 34.0
Door handle 20.8 0.0 100.0 39.6 —1.6to 43.3
Electrocautery unit 16.7 0.0 100.0 30.2 —0.4 to 33.7
Foot pedal 16.7 0.0 100.0 389 —5.4to 38.7
Turnover phone 16.7 0.0 100.0 38.9 —5.4to 38.7
Anesthesia cart table 16.2 0.0 353 12.6 9.1 to 233
Nurses station 141 0.0 38.5 11.8 7.5 t0 20.8
Supply cabinet doors 6.9 0.0 50.0 16.6 —-241t016.3
Mean 37.5 1.0 85.4 329 18.9 to 56.2

data and treatment options moving forward. We concede that only
certain areas were marked and that other areas of the high-touch
surfaces may have been neglected during the cleaning process. It
is not possible to cover the entire surface, and the technique we
utilized has been done in previous studies. Additionally, we
selected high-touch surfaces from other studies, but certainly there
may be other surfaces in arthroplasty surgery worth exploring such
as computer/robot and fluoroscopy machines. This already has
been shown in surgical helmets used during TJA [41]. Lastly, we did
all attempts to blind this study, but our perioperative cleaning staff
may have been aware. We do not think that this was the case, but if
it was, 1 would argue they likely would have been more thorough in
their cleaning efforts.

Effectiveness of manual terminal cleaning varied greatly across
surfaces. In general, surfaces further from the operative field were
less likely to have markings removed. An adjunct to cleaning (ie, UV
light) and perioperative education may be warranted, and future
studies are needed to determine the best method to decrease
environmental contamination.

Conflicts of interest

Dr. Dennis receives royalties from DePuy, a Johnson & Johnson
Company; gave paid presentations for Corin U.S.A. and DePuy, a
Johnson & Johnson Company; is a paid consultant for Corin U.S.A.
and DePuy, a Johnson & Johnson Company; has stock or stock op-
tions in Corin U.S.A. and Joint Vue; receives research support as a
principal investigator for DePuy, a Johnson & Johnson
Company, Corin US.A., and Porter Adventist Hospital; receives
financial or material support from publishers like Wolters Kluwer
Health—Lippincott Williams & Wilkins; and is in the editorial or
governing board of Clinical Orthopaedics and Related Research,
Journal of Arthroplasty, Journal of Bone and Joint Surgery—American,
and Orthopedics Today. Dr. Jennings is a paid consultant for Total
Joint Orthopedics and Xenex and receives research support as a
principal investigator for DePuy, a Johnson & Johnson Company,
Corin US.A., and Porter Adventist Hospital. All other authors
declare no potential conflicts of interest.

For full disclosure statements refer to https://doi.org/10.1016/].
artd.2022.07.002.

References

[1] Aalirezaie A, Akkaya M, Barnes CL, Bengoa F, Bozkurt M, Cichos KH, et al.
General assembly, prevention, operating room environment: proceedings of

[2

13

[4

[5

[6

17

(8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18

[19]

[20]

[21]

international consensus on orthopedic infections. ] Arthroplasty 2019;34:
S$105—15. https://doi.org/10.1016/j.arth.2018.09.060.

Curtis GL, Faour M, Jawad M, Klika AK, Barsoum WK, Higuera CA. Reduction of
particles in the operating room using ultraviolet air disinfection and recir-
culation units. ] Arthroplasty 2018;33:5196—200. https://doi.org/10.1016/
j.arth.2017.11.052.

Fornwalt L, Ennis D, Stibich M. Influence of a total joint infection control
bundle on surgical site infection rates. Am ] Infect Control 2015;44:239—41.
Hanselman AE, Montague MD, Murphy TR, Dietz M]. Contamination relative to
the activation timing of filtered-exhaust helmets. ] Arthroplasty 2016;31:
776—80. https://doi.org/10.1016/j.arth.2015.10.039.

Weiser MC, Moucha CS. Operating-room air flow technology and infection
prevention. ] Bone Joint Surg Am 2018;100:795—804.

Young SW, Zhu M, Shirley OC, Wu Q, Spangehl M]. Do ‘surgical helmet sys-
tems’ or ‘body exhaust suits’ affect contamination and deep infection rates in
arthroplasty? A systematic review. ] Arthroplasty 2016;31:225—33. https://
doi.org/10.1016/j.arth.2015.07.043.

Yezil S, Barbut F, Otter J. Surface contamination in operating rooms: A risk of
transmission of pathogens? Surg Infect 2014;15:694—9.

Carling PC, Briggs JL, Perkins ], Highlander D. Improved cleaning of patient
rooms using a new targeting method. Clin Infect Dis 2006;42:385—8.
Jefferson J, Whelan R, Dick B, Carling P. A novel technique for identifying
opportunities to improve environmental hygiene in the operating room.
AORN ] 2011;93:358—64. https://doi.org/10.1016/j.a0rn.2010.08.022.

Link T, Kleiner C, Mancuso MP, Dziadkowiec O, Halverson-Carpenter K. Deter-
mining high touch areas in the operating room with levels of contamination. AmJ
Infect Control 2016;44:1350—5. https://doi.org/10.1016/j.ajic.2016.03.013.
Carling PC, Parry MM, Rupp ME, Po JL, Dick B, Von Beheren S. Improving
cleaning of the environment surrounding patients in 36 acute care hospitals.
Infect Control Hosp Epidemiol 2008;29:1035—41.

Munoz-Price LS, Birnbach DJ, Lubarsky DA, Arheart KL, Fajardo-Aquino Y,
Rosalsky M, et al. Decreasing operating room environmental pathogen
contamination through improved cleaning practice. Infect Control Hosp Epi-
demiol 2012;33:897—904.

Gosden PE, MacGowan AP, Bannister GC. Importance of air quality and related
factors in the prevention of infection in orthopaedic implant surgery. ] Hosp
Infect 1998;39:173—80.

Lidwell OM, Elson RA, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, et al.
Ultraclean air and antibiotics for prevention of postoperative infection. A
multicenter study of 8,052 joint replacement operations. Acta Orthop Scand
1987;58:4—13.

Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne
contamination of wounds in joint replacement operations: the relationship to
sepsis rates. ] Hosp Infect 1983;4:111—31.

Loftus RW, Brown JR, Koff MD, Reddy S, Heard SO, Patel HM, et al. Multiple
reservoirs contribute to intraoperative bacterial transmission. Anesth Analg
2012;114:1236-48.

Otter JA, Yezli S, French GL. The role played by contaminated surfaces in the
transmission of nosocomial pathogens. Infect Control Hosp Epidemiol
2011;32:687-99.

Griffith CJ, Cooper RA, Gilmore ], Davies C, Lewis M. An evaluation of hospital
cleaning regimes and standards. ] Hosp Infect 2000;45:19—-28.

Neil JA, Nye PE, Toven LA. Environmental surveillance in the operating room.
AORN ] 2005;82:43-9.

Munoz-Price LS, Ariza-Heredia E, Adams S, Olivier M, Francois L, Socarras M,
et al. Use of UV powder for surveillance to improve environmental cleaning.
Infect Control Hosp Epidemiol 2011;32:283—5.

Munoz-Price LS, Fajardo-Aquino Y, Arheart KL. Ultraviolet powder versus
ultraviolet gel for assessing environmental cleaning. Infect Control Hosp
Epidemiol 2012;33:192—5.


https://doi.org/10.1016/j.artd.2022.07.002
https://doi.org/10.1016/j.artd.2022.07.002
https://doi.org/10.1016/j.arth.2018.09.060
https://doi.org/10.1016/j.arth.2017.11.052
https://doi.org/10.1016/j.arth.2017.11.052
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref3
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref3
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref3
https://doi.org/10.1016/j.arth.2015.10.039
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref5
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref5
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref5
https://doi.org/10.1016/j.arth.2015.07.043
https://doi.org/10.1016/j.arth.2015.07.043
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref7
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref7
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref7
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref8
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref8
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref8
https://doi.org/10.1016/j.aorn.2010.08.022
https://doi.org/10.1016/j.ajic.2016.03.013
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref11
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref11
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref11
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref11
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref12
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref12
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref12
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref12
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref12
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref13
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref13
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref13
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref13
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref14
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref14
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref14
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref14
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref14
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref15
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref15
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref15
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref15
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref16
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref16
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref16
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref16
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref17
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref17
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref17
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref17
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref18
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref18
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref18
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref19
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref19
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref19
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref20
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref20
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref20
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref20
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref21
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref21
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref21
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref21

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

J.M. Jennings et al. / Arthroplasty Today 17 (2022) 53—57 57

Griffith CJ, Cooper RA, Gilmore ], Davies C, Lewis M. An evaluation of hospital
cleaning regimes and standards. ] Hosp Infect 2000;45:19—28.

Malik RE, Cooper RA, Griffith CJ. Use of audit tools to evaluate the efficacy of
cleaning systems in hospitals. Am ] Infect Control 2003;31:181—7.

Moore G, Smyth D, Singleton ], Wilson P. The use of adenosine triphosphate
bioluminescence to assess the efficacy of a modified cleaning program
implemented within an intensive care setting. Am ] Infect Control 2010;38:
617-22.

Sherlock O, O’Connell N, Creamer E, Humphreys H. Is it really clean? An
evaluation of the efficacy of four methods for determining hospital cleanli-
ness. ] Hosp Infect 2009;72:140—6.

Huang YS, Chen YC, Chen ML, Cheng A, Hung IC, Wang JT, et al. Comparing
visual inspection, aerobic colony counts, and adenosine triphosphate biolu-
minescence assay for evaluating surface cleanliness at a medical center. Am ]
Infect Control 2015;43:882—6. https://doi.org/10.1016/j.ajic.2015.03.027.
Carling PC, Parry MF, Bruno-Murtha LA, Dick B. Improving environmental
hygiene in 27 intensive care units to decrease multidrug-resistant bacterial
transmission. Crit Care Med 2010;38:1054—9.

Beal A, Mahida N, Staniforth K, Vaughan N, Clarke M, Boswell T. First UK trial
of Xenex PX-UV, an automated ultraviolet room decontamination device in a
clinical haematology and bone marrow transplantation unit. ] Hosp Infect
2016;93:164—8. https://doi.org/10.1016/j.jhin.2016.03.016.

Catalanotti A, Abbe D, Simmons S, Stibich M. Influence of pulsed-xenon ul-
traviolet light-based environmental disinfection on surgical site infections.
Am ] Infect Control 2016;44:e99—101. https://doi.org/10.1016/j.ajic.2015.
12.018.

Hosein [, Madeloso R, Nagaratnam W, Villamaria F, Stock E, Jinadatha C, et al.
American Journal of Infection Control Evaluation of a pulsed xenon ultraviolet
light device for isolation room disinfection in a United Kingdom hospital. Am ]
Infect Control 2016;44:e157—61. https://doi.org/10.1016/j.ajic.2016.01.044.

[31] Jinadatha C, Simmons S, Dale C, Ganachari-Mallappa N, Charles F, Goulding N,

et al. Disinfecting personal protective equipment with pulsed xenon ultravi-
olet as a risk mitigation strategy for health care workers. Am ] Infect Control
2015;43:412—4. https://doi.org/10.1016/j.ajic.2015.01.013.

[32] Jinadatha C, Villamaria FC, Restrepo MI, Ganachari-Mallappa N, Liao IC, et al. Is

the pulsed xenon ultraviolet light no-touch disinfection system effective on

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

methicillin-resistant Staphylococcus aureus in the absence of manual clean-
ing? Am ] Infect Control 2015;43:878—81. https://doi.org/10.1016/j.ajic.2015.
04.005.

Levin J, Riley LS, Parrish C, English D, Ahn S. The effect of portable pulsed
xenon ultraviolet light after terminal cleaning on hospital-associated Clos-
tridium difficile infection in a community hospital. Am ] Infect Control
2013;41:746—8. https://doi.org/10.1016/j.ajic.2013.02.010.

Miller R, Simmons S, Dale C, Stachowiak J, Stibich M. Utilization and impact of
a pulsed-xenon ultraviolet room disinfection system and multidisciplinary
care team on Clostridium difficile in a long-term acute care facility. Am ] Infect
Control 2015;43:1350—-3.

Nagaraja A, Visintainer P, Haas JP, Menz ], Wormser GP, Montecalvo M a.
Clostridium difficile infections before and during use of ultraviolet disinfec-
tion. Am ] Infect Control 2015;43:940—5.

Nerandzic MM, Thota P, Sankar CT, Jencson A, Cadnum ]JL, Ray AJ, et al.
Evaluation of a pulsed xenon ultraviolet disinfection system for reduction of
healthcare-associated pathogens in hospital rooms. Infect Control Hosp Epi-
demiol 2015;36:192—7.

Vianna PG, Dale C, Simmons S, Stibich M, Licitra C. The impact of ultraviolet
disinfection on hospital acquired infection rates in a Tertiary care community
hospital. Am ] Infect Control 2015;43:519—20.

Villacis JE, Lopez M, Passey D, Santillin MH, Verdezoto G, Trujillo F, et al.
Efficacy of pulsed-xenon ultraviolet light for disinfection of high-touch sur-
faces in an Ecuadorian hospital. BMC Infect Dis 2019;19:575.

Wong T, Woznow T, Petrie M, Murzello E, Muniak A, Kadora A, et al. Post-
discharge decontamination of MRSA, VRE, and Clostridium difficile isolation
rooms using 2 commercially available automated ultraviolet-C-emitting de-
vices. Am ] Infect Control 2016;44:416—20. https://doi.org/10.1016/j.ajic.
2015.10.016.

Jennings JM, Miner TM, Johnson RM, Pollet AK, Brady AC, Dennis DA. A back
table ultraviolet light decreases environmental contamination during opera-
tive cases. Am ] Infect Control 2021;50:686—9. https://doi.org/10.1016/j.ajic.
2021.09.020.

Tarabichi S, Chisari E, Van Nest DS, Krueger CA, Parvizi J. Surgical helmets used
during total joint arthroplasty Harbor common pathogens: a cautionary note.
] Arthroplasty 2022;37:1636—9. https://doi.org/10.1016/j.arth.2022.03.066.


http://refhub.elsevier.com/S2352-3441(22)00150-9/sref22
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref22
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref22
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref23
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref23
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref23
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref24
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref24
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref24
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref24
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref24
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref25
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref25
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref25
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref25
https://doi.org/10.1016/j.ajic.2015.03.027
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref27
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref27
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref27
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref27
https://doi.org/10.1016/j.jhin.2016.03.016
https://doi.org/10.1016/j.ajic.2015.12.018
https://doi.org/10.1016/j.ajic.2015.12.018
https://doi.org/10.1016/j.ajic.2016.01.044
https://doi.org/10.1016/j.ajic.2015.01.013
https://doi.org/10.1016/j.ajic.2015.04.005
https://doi.org/10.1016/j.ajic.2015.04.005
https://doi.org/10.1016/j.ajic.2013.02.010
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref34
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref34
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref34
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref34
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref34
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref35
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref35
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref35
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref35
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref36
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref36
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref36
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref36
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref36
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref37
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref37
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref37
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref37
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref38
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref38
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref38
http://refhub.elsevier.com/S2352-3441(22)00150-9/sref38
https://doi.org/10.1016/j.ajic.2015.10.016
https://doi.org/10.1016/j.ajic.2015.10.016
https://doi.org/10.1016/j.ajic.2021.09.020
https://doi.org/10.1016/j.ajic.2021.09.020
https://doi.org/10.1016/j.arth.2022.03.066

	Effectiveness of Manual Terminal Cleaning Varies on High-Touch Surfaces Near the Operative Field
	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Conflicts of interest
	References


