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Aerosol Generating Procedures In Trauma And Orthopaedics In The Era Of

The Covid-19 Pandemic; What Do We Know?

Abstract:

Purpose: COVID-19 pandemic has created havoc all over flbbegand spared no
one regardless of status, gender, location andogthriThere were questions raised if
trauma and orthopaedic (T&O) procedures actualhegsted aerosols? The need for
a review of literature highlighting the nature antpact of aerosol generation within
T&O surgery was notedVethods: A comprehensive online search was performed
for all published articles in the English languagealuating AGPs in T&O surgery
and the relevant personal protection equipment.uReslits. The search strategy
populated 43 studies. Six studies were identifieddaplicates. The shortlisted 37
studies were screened and nine studies were irttludéhe review. An additional
four studies were included from the bibliographyies.. Conclusion: Most
Orthopaedic procedures are high-risk aerosol géngraprocedures (AGPSs).
Conventional surgical masks do not offer protecagainst high-risk AGPs. In the
current era of COVID-19 pandemic, there is a sigaiit risk to the transmission of
infection to the theatre staff. For protection agaiirborne transmission, appropriate
masks should be used. These need proper fittingsinty to ensure full protection

when used.
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In December 2019, an outbreak of the novel coranauisease (Covid-19) occurred



in Wuhan, Chin&? This spread rapidly to other areas in China anddwide
Common complications of the disease included acegpiratory distress syndrome
[ARDS], arrhythmia, shock, acute cardiac injuryc@edary infection, acute kidney
injury, and death in severe cases. Its’ courseng,land is highly contagious, even
during the incubation periotiThe Covid-19 pandemic has spread rapidly, leattng
a high death count worldwide. The mortality rateoag healthcare professional is
constantly evolving and worrying. This has beentyased to be multifactorial.
Healthcare professionals are at a higher risk ¢éhtag the disease due to their

exposure to higher viral loads, especially if tires is aerosolizett®

The potential risk to the operating room persortoetxposure to infected material,
such as blood or tissue debris, is well describ@dular or mucocutaneous exposure
bears an underestimated hazard of infectidis contamination risk is higher in
Orthopaedic surgery during trauma, spinal and apilasty procedures™
Orthopaedic procedures, often involve the use efniial energy tools, such as
surgical lasers and electrocautery, and mechahigalspeed power tools, such as
bone saws, reamers, and drifisThe use of these tools generate large amount of
tissue debris. This has been extensively reportethe field of dentistry, however
only few studies conducted in Orthopaedic surgery, yet to the best of our

knowledge, corroborate thig?

The likelihood of infection transmission for healtine workers to Covid-19 is more
than three times as high as the general populitiGonsequently, the attention has
shifted towards discussion on how to optimally pobthealthcare workers. However,
recommendations for protection for healthcare waldsffer globally. In 2007, the

World Health Organization (WHO) released list ofas®l generating procedures



(AGPs)®> WHO and Public heath England (PHE) laid down guégafor the use of
N95 masks, when performing any AGP, on a suspeCtedID-19 positive patient
15 These guidelines are constantly evolving; thereuncertainty regarding the
optimal personal protection equipment (PPE) for AGHhere has also been
confusion regarding the definition of AGPs in T&Recommendations for PPE have
been influenced by the availability of adequate keagloves, gowns, helmets and
goggles rather than the science for their'dSehere was this need to review literature
and highlight the nature and impact of aerosol geien within T&O surgery, and

its’ significance of risking surgeons and otherso@nel in the operating room.

Materials and methods

Literature Search and Study Selection

A comprehensive online search of PUBMED, MEDLINBMIBASE, SCOPUS, and
GOOGLE SCHOLAR was performed for all published des in the English

language, evaluating AGPs in T&O surgery and thE Bsed.

The search was conducted using the following Medsishject Heading (MESH)
terms: “surgical procedures” AND “aerosol” AND “@dpaedic” AND “PPE” And
“aerosol generating procedure” AND “AGP”. The ‘redd articles’ function was used
to expand the search from each relevant studyifeehtBibliographies of retrieved
papers were further screened for any additionadibdé studies. All identified
citations and abstracts were thoroughly reviewdgek [atest search was performed on
the 18" of June 2020. All studies reporting on AGPs in T&@gery were included.
The primary end-points of the study were: use oigrotools or instruments, and
Orthopaedic surgical procedures leading to aeragmieration. The secondary

endpoint included use of any PPE. When the santi¢uithisn reported two studies, we



included either the one of better quality (increasample size), the most recent
publication, or both if the studies described ddfe patient cohorts. Studies were
excluded from the analysis if they were studyingpael generation in procedures in

other surgical disciplines, aside from orthopedigsry.

Data Extraction:

Two reviewers (MM and KM) independently extracteatadfrom each study; a third
independent evaluator resolved any discrepancidy @udy characteristics (first
author, year of publication, study design), popatatharacteristics, type of surgical
procedure, type of tool used and outcomes of iste@s aerosol generation, were
recorded. This systematic review was conductedcaoraance with the established
guidelines from Preferred Reporting Items for Systec Reviews and Meta-analysis
(PRISMA). Heterogeneity calculation was considenaasuitable owing to the
inclusion criteria of including studies with metlodogical heterogeneity. Due to the
heterogeneity of the available data it was decidegresent the review in a narrative

manner.

Results

The search strategy populated 24 studies from PdbMgstudies from Scopus and 3
from Web of Science. Six studies were identifieddaplicates and were excluded
using Endnote X8 program (Thompson Reuter, USAg Jtortlisted 37 studies were
screened and nine studies were included in theewevAn additional four studies

were included from the bibliography review, PRISMéw-chart figure 1.

Characteristics of included studies



Thirteen studies met our inclusion criteria and evercluded in this review. The
studies were conducted under different circumstaeel used different design and
populations. The included studies and their charestics are described table 1. A
further detailed review, in terms of AGP, has bpassented below depending on the

tool used in the surgical setting.

Use of High-speed cutter

Nogler et al. showed that use of high-speed toe&serate an aerosol cloud of
approximately 6m x 3.8rhThe cloud covered the entire work area and exteoger
to the members of the operating team outside tleeilestfield. The authors
recommended the use of sufficient protection fomeddical workers in the operating

theatres.

Nogler et al. described aerosol generation withaidagh-speed cutter, during spinal
laminectomy at L2-L4 levels, in a human cadavetidg® Staphylococcus aureus
(ATCC 12600) was introduced to contaminate the s@rgroduced. This was
detected in the operating room at an extensionf7&. The surgical team showed
extensive face and body contamination with S. airBespite protection by a barrier
drape, similar contamination was observed on bb#h ¢adaver's head and the

anesthesiologist.

Nogler et al. measured the extent of the envirotatend body contamination with
Staphylococcus aureus (ATCC 12600) caused by aasalind device and a high-
speed cutter used during hip arthroplasty, testetiuman cadavers.They reported

environmental contamination was present in an aféx 8m for both devices. The



concentration of contamination was lower for therasound device. Both the
ultrasound and the high-speed cutter contamindtedeanbers of the surgical team.
The devices tested produced aerosols, which covbesdhole operating theatre and
all personnel present during the procedure. Naglat. in a similar human cadaveric
study concluded that with the use of high-speedersitin surgery of the cervical
spine, staphylococci were detected in the operatiogn at an extension of 5 x 7m.
The use of use of high-speed cutters produced ms@ecloud that spread over the

whole surgical room and contaminated the operatingn and all personnel preséht.

Hydro-surgery debridement

Putxer et al. performed a complete hydro-surgerigridement including a full
surgical setup such as draping on human cadaVeFhe irrigation fluid was
artificially contaminated with Staphylococcus awwe(ATCC 6538). This study
evaluated the spread of contaminated aerosolsdroksurgery debridement with and
without an additional draping device (surgical JeWithout the surgical tent, the
hydro-surgery device contaminated all individualghie operating room (OR) and all
parts of the OR to some extent. Additional protatiprovided by a surgical tent was
seen to produce significantly less contaminatiomhef operating room. The surgeon
and the surgical assistant showed the greateseatexiin colony-forming units on
their person. For both test setups, environmerdatamination was observed in an
area of 6 x 8m. Both test setups caused contammafiall personnel present during

the procedure and of the whole operating room.

Use of domestic dectric drills



Kucukdurmaz et al. studied the use of domesticmtedrills in Orthopaedic surgery.
Although the study aimed at looking at risk of scadj site infection, one of the
secondary outcomes demonstrated drills producedststally significantly higher

levels of particles than the ambient air (p < 0.61)

Aerosol Generating Surgical Activities

Pereira et al. showed that the concentration amd ef aerosols present during
orthopedic surgery were measured, and the potestalrces were identified.
Measurements of particle concentration and sizesvearried out with a portable
particle counter. The activities performed withine toperating theatre were recorded.
The results showed that the concentration of pesticaried considerably depending
on the type of activity performed. A total of 32eews were identified as being
associated with elevated particle concentratiohesé& events were classified into 13
different types of activities. It was observed tpatticles above On—1.Qum had
much greater peaks and wider spread than those liefpm—1.Qum. They reported
that most events inside the room generate partafese 0.6m-1.Qum. During
surgery, the use of a bone saw was an importantceaf particles. The particle
concentration remained high throughout the pemod/ich the saw was used. This

event generated particles in all of the size ratigaswere considered.

Heinsohn et al. assessed aerosol generation wiihéblood slowly dripped onto the
working area to simulate operating scenario. Tes&se performed using an
oscillating bone saw, a hall drill, a shea drill mone, and an electrocautery (Bovie),
used in both the cutting and coagulation modestemalon. They concluded that

surgical power tools generate blood-containing s@socomposed of particles small



enough to be inhaled and deposited in the pulmoregipn of the respiratory tract.
Inspirable blood aerosols were detected in theesurg breathing zone during test

operations?!

Jewett et al. evaluated aerosol generation withstimae protocol as Heinsohn et al.
They used a 10-stage low-pressure cade impactatetermine the particle size
distribution of each aerosol and Hemastix was useassess the hemoglobin content
of each particle size. They did the same for anosleeies of blood aerosol, which
previously showed the ability to infect human Tleeilltures. They concluded that all
of the tools tested produced blood-containing a®rparticles in the respirable size

range (<5um). Surgical masks offered little pratecagainst such particlés.

Yeh et al. evaluated the generation of aerosol wsé of a scalpel, electrocautery,
irrigation/suction, reamers, bone drill, and anilesing saw. They found that the
concentration and size distribution of these piasiclepended on the procedure being
performed. Some of these particles contained hewbogl Quartz crystal
microbalance cascade impactor system (QCM) datécdtetl that the aerosol
concentration was highest (although the absoluligegavere low) when the surgical
site was opened; electrocautery was being usedaghyn and with occasional
applications of irrigation/suction. They comparedtad obtained between a knee
replacement procedure, in which a tourniquet wasiegh to reduce the blood losses,
and other procedures, such as a hip replacemeaggesied that the irrigation/suction
procedure used during operations was one of thernsajurces of blood-associated

aerosolg?



Jewett et al. evaluated the exposure to blood contpaerosols in Orthopaedics,
urology, cardiothoracic and obstetric surgery,ha tperating theatre. They studied
procedures involving use of power surgical toolateDshowed that the mucous
membrane lining of the upper respiratory tract #mel alveolar macrophages in the
gas-exchange region are likely to be exposed tosakzed blood in the operating

theatre®

Surgical tools used during hip and knee arthroplasty

Wendlandt et al. evaluated use of surgical helmgstems for protecting surgeons
from droplets generated during Orthopaedic procesiurThey quantified the
contamination of the surgeon by droplets duringh@paedic procedures by am
vitro simulation of hip and knee arthroplasty, while vireg surgical helmet systems
versus conventional surgical clothing. They conetlithat the contamination risk was
30% while wearing conventional clothing whereasenohthe 20 subjects using the
surgical helmet system reported any contaminatiter aemoval of the protective

clothing?®

Yeah et al. evaluated the characterization of asoproduced during total hip
replacement surgery in dogs witfcr-labeled blood. Results confirmed that blood-
associated aerosols were produced during orthopmdligery. The time-averaged
mass concentration near the surgical site, as mezh$y the personal impactor, was
0.37 mgm-s. 6.5 pgth(1.8% of the total mass concentration) was atteithito red
blood cells (RBCs). The estimated number of RBCéi@moglobin that might be
inhaled by a surgeon without any respiratory pri@ecduring the course of an

orthopedic surgery was about 2.9 x 10s RBCs op§.@f hemoglobin. About 60% of



the RBCs were associated with particles larger ttapm in aerodynamic diameter,
and about 8% of the RBCs were associated with gbastiless than 0.5pm. The
number ratio between the RBCs and lymphocytes diondns is about 2200: 1; thus,
the estimated number of lymphocytes that mightrieled by the surgeon, without

any respiratory protection, intra-operatively woblklless than 135.

To assess the significance of these findings onpibkential risk to health care
workers will require further studies of the relatship between pathogens and particle

sizes and the viability of pathogens associated

Discussion

Covid-19 pandemic is the largest global health @argis of this century. A large
number of healthcare workers have succumbed tovithis, and the count is rising by
the day” The PPE, at Work Regulations 1992, legislates @maemployer should
provide suitable protection and training in the wseequipment.® Studies have
recommended that Orthopaedic surgeons wear adequratective gowns and
face/eye protection during procedures likely toagate splashes or sprays of body
fluids. Despite higher cost, global demands during the @auc] personal protection
during surgical interventions is mandat8ryhe Center for Disease Control in both
the US® and equivalent organization in China, the Assamiadf Spanish Surgeofls
Australia’s Department of Health specifically reaoend the use of N95 respirators
for surgeries involving AGPs on COVID-19 patient$ikin a time when there is
limited information about transmission of COVID-18ggressive protection with
complete PPE for AGPs is in line with guidance fromltiple national organizations,

as well as the limited data available from publisstudiesitAuthors have gone far
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to recommend guidelines suggesting all theatré stafuld wear enhanced PPE?

During a standard procedure, the aerosol cloud yoedl extends over the area
occupied by all sterile and non-sterile membergshef operating team. Thus, it is
necessary to provide sufficient protection for rakdical workers in the operating
room! The concentration of aerosol particles inside aerating room varies
depending on the type of activity performed indide theatre complex. Pereira et al.
described that the particles generated by the uskectrosurgical apparatus represent
an important source of air contamination. Thesellspaaticles, gases, and vapors
may contain potentially harmful contaminants, sashDNA viruses, aerosols, cell
fragments, and other gaseous hydrocarbons, thabeanhaled by the occupants of

the operating roorf’

Another study demonstrates that contaminated alsrpsaduced during use of a high
pressure pulsed lavage system can spread over rhiee eoperating room,

contaminating both the animate and the inanimat&@mment. This risk remains for
the surgical team, especially if the contaminatetbsol is inhaled or comes into

contact with conjunctival or mucous membratfes.

During laboratory simulations, it has been demanstt that instruments can produce
inhalable aerosof¥. An aerosol cloud consisting of a mixture of irtiga fluid and
blood; is produced due to the high revolutions ighlspeed devices, while working
around a basin of fluid or blood or by stream afidl or blood’*® Schultz et al.
reported that high speed cutters generate a largmuat of free particles of tissue
from patients, out of which 35% were contaminatethwnicrobes’® This aerosol

cloud presents a risk of microbial contaminationtfe surgical tearh.
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The most common sources of infection are viral pgéims, bacterial, and fungal
agents. There are several reports of infection frbacterial agents such as
Saphylococcus aureus, viral agents likehepatitis B/C, and Herpes simplex from
injuries with sharp and high-speed tobt$:*The contamination risk via this route of
transmission is especially high in Orthopaedic swyg There is also a risk of
infection for team members through inhalation ofrogels contaminated with
pathogens such aBlycobacterium tuberculosis, legionella, hepatitis B, varicella
zoster, smallpox, influenza and Saphylococcus aureus.”***?33There is addition risk
of infection for patients operated on in the saownr after such surgery, or in contact

with contaminated medical staff.

Standard surgical PPE includes a face shield, mes#, waterproof gown, double
gloves, and shoe covers. There is some disagreehwmmever, regarding the type of
respiratory protection. N95 respirators, poweradparifying respirators (PAPR), or
standard surgical masks have been proposed foicaligyocedures on patients with
COVID-192 Electron microscopy has measured the COVID-19svicube between
70-90nm in diametéf. However, droplets less tharud in size are typically
produced by coughing and sneezing, during whichvthes can travel up to 4.5 m,
representing a risk to healthcare sfafSurgical facemasks were found to provide
very little protection for particle sizes 10-80 AfN95/FFP2 masks are at least 95%
effective for particle sizes 0.1-@Qud, which increases to 99.5% or higher for particles
that are 0.76m or largef’® Therefore, over 95% protection is provided with an
FFP2/N95 mask when performing an A&R. surgical mask is capable of blocking
gross inhalation of droplets, while a well-fitte®@Blrespirator is additionally capable
of filtering aerosols. This is of particular intetéo Orthopaedic surgeons as aerosols

generation have been identified from use of higkesp tools® Smoke from

12



electrocautery devices has been shown to harbactibacterial and virus particl&s.

42

The incidence of infection with COVID-19 during tlearly stages of the outbreak,
amongst Orthopaedic surgeons in Wuhan, China rabgeaeen 1.5% to 20.7%. The
specific recommendation made by authors to pre@VID-19 infection amongst

the Orthopaedic community, was to stay more vidgitard wear N95 respirators at all
times? There have been questions raised regarding traanth orthopaedic

procedures being regarded as AGP. This reviewcbharmed that surgical power
tools such as saws, burrs, drills as well as eleatrtery in cutting and coagulation
mode, used in T&O surgery lead to aerosol generatvocedures involving these
instruments place healthcare workers within theratpeg theatre at high risk for
COVID-19 disease transmission. The limitation ofstheview is the constantly
evolving scenario and the inability to perform asteynatic review due to the

heterogeneity of available information.
Conclusion

Most Orthopaedic procedures produce aerosols. @dioval surgical masks do not
offer protection against high-risk AGPs. In thereat era of COVID19 pandemic,
there is a significant risk to the transmissionirdection to the theatre staff. For
protection against airborne transmission, air-gurd respirator masks should be
used. Proper fitting and sizing is essential tousmgrotection whilst using these
masks. This review helps to clarify the uncertaistirrounding the generation of

aerosols with Trauma and Orthopaedic procedures.

Conflicts of interest

13



The authors declare that they have no conflichta#rest.

Funding

There is no funding source.

Acknowledgements

No acknowledgements.

REFERENCES

1.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song JaketA Novel Coronavirus
from Patients with Pneumonia in China, 2019. N Ehiyled. 2020
Feb.;382(8):727-33.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et@inical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronasdinfected Pneumonia
in Wuhan, China. JAMA. 2020 Feb..

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesn J, Bruce H, et al.
First Case of 2019 Novel Coronavirus in the Uni&dtes. N Engl J Med.
Massachusetts Medical Society; 2020 Jan. 22;38Z29)-36.

Burdorf A, Porru F, Rugulies R. The COVID-19 (Goavirus) pandemic:
consequences for occupational health. Scandin@daamal of Work,
Environment & Health.

Tran K, Cimon K, Severn M, Pessoa-Silva CL, @ahlAerosol Generating
Procedures and Risk of Transmission of Acute Ratply Infections to
Healthcare Workers: A Systematic Review. PLoS ORiliblic Library of
Science; 2012 Jan. 26;7(4):e35797EP-.

Herron J, Hay-David A, Gilliam AD, Brennan PAerBonal protective
equipment and Covid 19- a risk to healthcare staff? Oral Maxillofac Surg.
Published by Elsevier Ltd on behalf of The Brit&$sociation of Oral and
Maxillofacial Surgeons; 2020 Jan. 13.

Nogler M, Wimmer C, Lass-Florl C, Mayr E, Trob®sGegenhuber C.
Contamination risk of the surgical team through RIZEDC's high-speed
cutter. Clin Orthop Relat Res. 2001 Jun.;(387): 25—

Wendlandt R, Thomas M, Kienast B, Schulz APvitre evaluation of surgical

helmet systems for protecting surgeons from dregenerated during
orthopaedic procedures. J Hosp Infect. 2016 Se.);9%6-9.

14



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Smith RC, Mooar PA, Cooke T, Sherk HH. Contamamaof operating room
personnel during total arthroplasty. Clin OrthogadR®es. 1991 Oct.;(271):9—
11.

Giachino A, Profitt A, Taine W. Contaminatiohtibe conjunctiva of the
orthopaedic surgeon. A technical note. J Bone Jungg Am. 1988
Jan.;70(1):126-7.

Nogler M, Lass-Florl C, Wimmer C, Mayr E, Ba&ChOgon M. Contamination
during removal of cement in revision hip arthropfag cadaver study using
ultrasound and high-speed cutters. J Bone Joirgt Bur2003 Apr.;85(3):436—
9.

Yeh HC, Turner RS, Jones RK, Muggenburg BA,dgren DL, Smith JP.
Characterization of Aerosols Produced during Saitdfzocedures in
Hospitals. Aerosol Science and Technology. Tayldfr&ncis;
1995;22(2):151-61.

Shpuntoff H, Shpuntoff RL. High-speed dentaildy@eces and spread of
airborne infections. N Y State Dent J. 1993 Jaif1,p21-3.

Hirschmann MT, Hart A, Henckel J, Sadoghi A, BeMouton C. COVID-19
coronavirus: recommended personal protective eceiprior the orthopaedic
and trauma surgeon. Knee Surg Sports Traumatot@dsth2020 Apr.;:1-9.

Baller A. Rational use of personal protectigaipment for coronavirus disease
(COVID-19) and considerations during severe shatag020 Apr. 7;:1-28.

Nogler M, Lass-Florl C, Ogon M, Mayr E, BachW@immer C. Environmental
and body contamination through aerosols producedudiyspeed cutters in
lumbar spine surgery. Spine (Phila Pa 1976). 20611, Z%(19):2156-9.

Nogler M, Lass-Florl C, Wimmer C, Bach C, Kaadm C, Ogon M. Aerosols
produced by high-speed cutters in cervical spimgesy: extent of
environmental contamination. European spine jouroéicial publication of
the European Spine Society, the European SpinairbDwtfy Society, and the
European Section of the Cervical Spine Researcle§oSpringer-Verlag;
2001 Aug. 1;10(4):274-7.

Putzer D, Lechner R, Coraca-Huber D, Mayr AgldoM, Thaler M. The
extent of environmental and body contaminationugtoaerosols by hydro-
surgical debridement in the lumbar spine. Arch Gptfirauma Surg. 2017
Jun.;137(6):743-7.

Kucukdurmaz F, Imren Y, Akkoyunlu Y, Tuncaysen C. Domestic electric
drills in the service of orthopaedic surgery: agmial and preventable source
of surgical site infections. Acta Orthop Traumakakc. 2012;46(6):455-9.

Pereira ML, Vilain R, Leivas TP, Tribess A. Maaement of the concentration
and size of aerosol particles and identificatiothef sources in orthopedic
surgeries. HVAC&R Research. Taylor & Francis; 20824):588—-601.

15



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Heinsohn P, Jewett DL, Balzer L, Bennett CHp&eP, Rosen A. Aerosols
Created by Some Surgical Power Tools: Particle Biz&ibution and
Qualitative Hemoglobin Content. Applied Occupaticsa@d Environmental
Hygiene. Taylor & Francis; 1991;6(9):773-6.

Jewett DL, Heinsohn P, Bennett C, Rosen A, INeQi Blood-containing
aerosols generated by surgical techniques: a pessfbctious hazard. Am Ind
Hyg Assoc J. 1992 Apr.;53(4):228-31.

Heinsohn P, Jewett DL. Exposure to blood-caoirgiaerosols in the operating
room: a preliminary study. Am Ind Hyg Assoc J. 1998).;54(8):446-53.

Yeh HC, Muggenburg BA, Guilmette RA, Snipes MByner RS, Jones RK,
et al. Characterization of aerosols produced duotej hip replacement
surgery in dogs with 51Cr-labeled blood. Journahefosol Science.
1995;26(3):511-8.

Raghavan R, Middleton PR, Mehdi A. Minimisirgy@sol generation during
orthopaedic surgical procedures- Current practqaotect theatre staff during
Covid-19 pandemic. J Clin Orthop Trauma. 2020 Apr..

https://www.cdc.gov/coronavirus/2019-ncov/hepfirator-use-faq.html.

https://www.aecirujanos.es/files/noticias/152/doentos/Recomendaciones_c
aso_cirugia.pdf.

https://www.health.gov.au/sites/default/filesfdments/2020/03/interim-
recommendations-for-the-use-of-personal-proteatigeioment-ppe-during-
hospital-care-of-people-with-coronavirus-diseas@20ovid-19.pdf.

Wong KC, Leung KS. Transmission and preventiboccupational infections
in orthopaedic surgeons. J Bone Joint Surg Am. 2084,86(5):1065—76.

Eduard W, Heederik D. Methods for quantitaagsessment of airborne levels
of noninfectious microorganisms in highly contant@thwork environments.
Am Ind Hyg Assoc J. 1998 Feb.;59(2):113-27.

Bible JE, Biswas D, Whang PG, Simpson AK, Gralle Which regions of
the operating gown should be considered mostse@lin Orthop Relat Res.
Springer-Verlag; 2009 Mar. 1;467(3):825-30.

Harpaz R, Seidlein Von L, Averhoff FM, TormeyMSinha SD, Kotsopoulou
K, et al. Transmission of hepatitis B virus to npl# patients from a surgeon
without evidence of inadequate infection controEhgl J Med. 1996
Feb.;334(9):549-54.

Eickhoff TC. Airborne nosocomial infection: antemporary perspective.
Infect Control Hosp Epidemiol. 1994 Oct.;15(10):683.

Isenberg HD, Tucci V, Cintron F, Singer C, Wat@in GS, Tyras DH. Single-
source outbreak of Candida tropicalis complicatagonary bypass surgery. J

16



35.

36.

37.

38.

39.

40.

41].

42.

43.

Clin Microbiol. 1989 Nov.;27(11):2426-8.

Qian Y, Willeke K, Grinshpun SA, Donnelly J,ftay CC. Performance of
N95 Respirators: Filtration Efficiency for Airborméicrobial and Inert
Particles. Am Ind Hyg Assoc J. Taylor & Francis98%9(2):128-32.

Kim J-M, Chung Y-S, Jo HJ, Lee N-J, Kim MS, W8H, et al. Identification
of Coronavirus Isolated from a Patient in Koreadm@tOVID-19. Osong Public
Health Res Perspect. Korea Centers for Diseasad@@Prevention; 2020
Jan. 28;11(1):3—-7.

Loh N-HW, Tan Y, Taculod J, Gorospe B, Teope 8&8mani J, et al. The
impact of high-flow nasal cannula (HFNC) on coughdistance: implications
on its use during the novel coronavirus diseaskreak. Canadian Journal of
Anesthesia/Journal canadien d'anesthésie. 2020.

Batazy A, Toivola M, Adhikari A, Sivasubrame&Bi, Reponen T, Grinshpun
SA. Do N95 respirators provide 95% protection leagginst airborne viruses,
and how adequate are surgical masks? Americanalafrinfection Control.
2006;34(2):51-7.

Kwak HD, Kim S-H, Seo YS, Song K-J. Detectirgpétitis B virus in surgical
smoke emitted during laparoscopic surgery. Occuprn Med. 2016
Dec.;73(12):857-63.

Mellor G, Hutchinson M. Is it time for a morgsgematic approach to the
hazards of surgical smoke?: reconsidering the ecele/Norkplace Health Saf.
2013 Jun.;61(6):265-70.

Schultz L. Can Efficient Smoke Evacuation Lidd@rosolization of Bacteria?
AORN J. 2015 Jul.;102(1):7-14.

LiuY, Song Y, Hu X, Yan L, Zhu X. Awarenessaufrgical smoke hazards
and enhancement of surgical smoke prevention ariengynecologists. J
Cancer. 2019;10(12):2788-99.

Guo X, Wang J, Hu D, Wu L, Gu L, Wang Y, et&lirvey of COVID-19
Disease Among Orthopaedic Surgeons in Wuhan, Pedpépublic of China.
J Bone Joint Surg Am. 2020 Apr..

17



Type of surgery

Tool used that caused aer osol

Study subject \ setting

Study ID
generation Particlesize
Nogler 2011 Orthopaedic (Robodoc) High-speed cutter Stimulation The same size of staph aureus
Hydro-surgery debridement including
Putzer 2017 Orthopaedic (Lumbar spine) a full surgical setup such as draping. Cadaver The same size of staph aureus

Pereira 2014

Orthopaedic

(Cleaning the room - Cleaning/moving
the patient - Moving the surgical linen
and gowns - Placing of bandages -
Removal of blankets - Moving the
patient- Use of electrosurgical
apparatus- Moving of equipment- Use
of bone saw- Removal of bandages-
Movement of the surgical team)

Operating theatre

Ranging from 0.3 um—10 um

Kucukdurmaz
2012

NA

Domestic electric drills (DED)

Stimulation in empty
operating room (OR)

Size of Staphylococcus
epidermidis, Micrococcus
luteus, and Staphylococcus
capitis

Heinsohn 1991

NA

Oscillating bone saw , Hall drill, and a
Shea drill were
used on bone, and an electrocautery

Bovine tissue

Between 0.07 to 14 mm

Jewett 1992

NA

protocol 1: an oscillating bone saw
,cast saw, a Hall drill and a Shea drill
were used to operate on and a bovine
electro cautery.
Protocol 2: same tools with HIV
infected blood

Stimulation

Between 0.28 to 14 mm




Nogler 2001

Orthopaedic (Lumbar Spine)

High speed bone cutter.

Cadaver

The same size of staph aureus

Nogler 2002

Revision Hip Arthroplasty

Ultrasound device and a high-speed
cutter

Cadaver

The same size of staph aureus

Wendland 2016

Hip and Knee arthroplasty

Tools used in Arthroplasty

Artificial foam bone

Yeh 1994 Total Hip Arthroplasty Total Hip Arthroplasty instruments Dogs with 51 Cr-lablled blood 60% of the RBCs associated
with particles large than 10
micro m
Scalpel, electrocautery, and
irrigation/suction, bone drill, saw,
Total Hip Arthroplasty, acetabular reamer, hammer, sprayer
Yeh 1995 Orthopaedic (Spine), Operating theatre < 0.3 micro m to 3 microm
Total Knee Arthroplasty
Nogler 2001 Orthopaedic (Cervical spine) High-speed cutter Male human cadaver The same size of staph aureus

Heinsohn 1993

Arthroplasty \ Anurysmal Resection \
Prostatectomy \ Ventricular
Malformation Repair \ Nephrectomy \
Ceserian Section \ Vaginal Delivery

Use of power surgical tools

Operating theatre

14.8 Micro m, 3.5 mico m and
0.52 microm




Surgical power tools lead to aerosol generation.

Operating theatre high risk for COVID-19 diseas@m$mission.
Conventional surgical masks don’t protect duringhkiisk AGPs.
Need for air-purifying respirator masks.

Proper fitting and sizing is essential.



Eligibility Screening Identification

Included

Figure 1: PRISMA Flow-chart for the review.
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