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1 | INTRODUCTION
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Abstract

Aim: To conduct a systematic review of the literature on biosafety with the use
of lasers.

Methods: The systematic review of literature was performed using MEDLINE
(PubMed), Science Direct and Web of Science databases. The electronic search
strategy included terms in the Medical Subject Heading (MeSH) related to
biosafety in dentistry and laser, forms of contamination with aerosols, as well
as their synonyms. The selected keywords were “aerosol virus transmission den-
tistry,” “laser-generated air contaminants,” “biosafety dentistry laser” combined
with the terms AND/OR.

Results: A total of 1334 abstracts were reviewed, resulting in inclusion of
23 reviews. The dental surgeons are professionals with a high risk of contamina-
tion; high-power lasers form aerosols that need to be controlled and low-power
lasers must be protected to minimize the risks of cross-infection.

Conclusion: The biosafety of using lasers is important for professionals can be
more oriented as to the correct use of this equipment. This study has the rele-
vance of showing biosafety measures for the professional, staff and patients, as
well as suggesting that more studies that are clinical should be conducted in this

area.
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droplets or by indirect contact with oral, nasal, and
ocular mucous membranes.'™ Dental professionals play

Recently, the World Health Organization (WHO) has
declared a pandemic due to the spread of SARS-CoV-2
(severe acute respiratory syndrome of coronavirus),
which rapidly infected communities in different coun-
tries through sneezing, coughing, and inhalation of

© 2021 Special Care Dentistry Association and Wiley Periodicals LLC

a crucial role in preventing the transmission of this viral
infection, as aerosols and droplets are its main means
of propagation.">*% Thus, dental offices must be an
environment of great control and prevention of microbi-
ological infections in general. Professionals need to adopt
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individual protection measures, and laser equipment,
which are very well indicated in several specialties, also
needs to follow biosafety standards.

The oral cavity is the place on the body with the highest
concentration of microorganisms, thus exposing the
clinical environment to biological risks.">> The clinical
routine is characterized by several disease-transmitting
vehicles and high patient turnover, which imply an
increasing frequency of handling biological material and
the consequent need to keep the equipment and the entire
care structure safe.'” In addition to all the care required to
protect the equipment and instruments used during treat-
ment against possible biological risks, the professional and
his or her team, as well as the patients, must be protected.
The use of appropriate personal protective equipment
(PPE) is essential, as are other practical changes in the
adoption of biosafety measures, since the SARs-CoV2
virus is highly transmissible.%!!

With the increasing use of lasers in dental offices and the
current panorama of the large number of people affected
by SARS-CoV-2, it is of utmost importance that more
extreme biosafety measures be adopted to prevent cross-
transmission between patients and professionals when
using laser equipment.'?!3

There are two types of lasers. High-power lasers have
photothermal effects and produce spray and/or ablation
plume.'*!> Low-power lasers have modulating effects on
the inflammatory process, accelerating the healing process
and analgesia, which, when associated with a photosen-
sitizer, also has antimicrobial effects and the significant
advantage of not producing aerosol."?

Thus, the laser equipment used in dentistry also needs
to be used with care, so that the risks of cross-infection
are minimized and even avoided. In this study, a review
is performed on the forms of viral transmission in dental
offices and on ways to prevent them, with an emphasis on
the laser equipment used in dentistry.

2 | MATERIALS AND METHODS

2.1 | Searching method

Three independent researchers performed an electronic
search of articles from January to May 2020, cover-
ing the international databases MEDLINE (PubMed)
(title/abstract), Science Direct (Title/Abstract/Keyword),
and Web of Science (Topic). The electronic search strategy
included terms in the Medical Subject Heading (MeSH)
related to biosafety in dentistry and laser, forms of contam-
ination with aerosols, and their synonyms. The selected
keywords were “aerosol virus transmission dentistry,”
“laser-generated air contaminants,” and “biosafety den-
tistry laser,” combined with the terms AND/OR. The

authors also manually searched the reference lists of the
selected articles to identify other possible relevant studies.

2.2 | Selection of studies

The researchers independently reviewed the title and
abstract of all identified articles and included all that were
potentially relevant. The authors obtained full texts of all
possibly relevant abstracts and independently reviewed
them to identify inclusion/exclusion criteria.

Two independent reviewers screened the full-text pub-
lications against the specified inclusion criteria; disagree-
ments were resolved through discussion.

Each paper was given a score accordingly Assessment
of Multiple Systematic Reviews (AMSTAR 2) to analyze the
quality (high, moderate, low) of the included studies.

2.3 | Inclusion/exclusion criteria
The inclusion criteria were articles published in English,
Spanish, or Portuguese; full articles portraying the system-
atic review’s theme; and articles published and indexed in
the referred databases within the last 10 years.

The exclusion criteria were article published in other
languages; articles reporting only a clinical case and arti-
cles that did not address the theme of this review.

2.4 | Data collection

A data-extraction form was designed to clarify the details
of each study. The researchers independently read the
full texts of the included articles and extracted all of the
characteristics from each study, such as its study design,
population, intervention, and main considerations. The
articles’ topics were categorized into three groups: forms
of viral transmission in dental offices, forms of contami-
nation from using high-power lasers and how to minimize
risks, and forms of contamination from using low-power
lasers and how to minimize the risks.

3 | RESULTS

In total, 1334 articles were found. After reading the
abstracts and applying the inclusion and exclusion criteria,
only 23 articles were selected for this review (Figure 1). The
excluded articles published outside the selected period,
are not related to forms of viral transmission in a dental
office or were merely the author’s comments/opinions
and was neither descriptive nor observational. Table 1
summarizes the excluded articles after their full texts read
and the respective reasons for exclusion.
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1081 articles
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excluding duplicates
1048 studies through
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33 full-text articles
were reviewed
No articles were .
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searching v
23 articles were
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review
FIGURE 1 Flowchart representing the article selection
TABLE 1 Summary of articles excluded after full reading and reasons
Authors Periodic (year) Reason

Muiioz-Leyva et al
Yousif Ali et al

Nicola et al

Al-Jabir et al

Can J Anesth. (2020).
Int J Surg. (2020).
Int J Surg. (2020).

Int J Surg. (2020).

This study is a letter to the editor reinforcing the importance of using PPE by dentists.
Letter to the editor reporting on the signs and symptoms of COVID-19.

Article describing prevalence, signs, symptoms, and forms of transmission, complications
and prevention of COVID-19.

It presents a guide to treatment with COVID-19 for patients with some pre-existing
diseases.

It portrays lessons about the pandemic caused by COVID-19 and the economic crisis that

It raises some questions related to dental care during the pandemic, including the
professional’s responsibility to care for his patients. A signature on a term does not

It reports coronavirus diagnostic measures and how it causes pneumonia. It speaks of the

Explains the taxonomy of the virus of the family Pnemoviridae.

This paper reports a review of the literature of the year 2019 related to the virus that causes
COVID-19, its effects, forms of transmission and prevention recommended by WHO.

It reports the author’s opinion about the dental team being familiar with the assessment of
the risk of cross-infection, but should not be placed at risk unnecessarily, as this would

Pan et al Microb Infect. (2020).
will be faced in 2020.
Jerrold American Journal of
Orthodont Dentofac
Orthoped. (2020). release you from liability.
Yu Fei et al Microb Infect. (2020).
beginning in China and perspectives.
Rima B et al J Gen Virol. (2017).
Sohrabi et al Int J Surg. (2020).
Coulthard British Dent J. (2020).
be morally unacceptable.
3.1 | Characteristics of the selected

studies

Korea (1). Tables 2-4 discuss, respectively, forms of viral
transmission in dental offices, forms of contamination
when using high-power lasers, forms of contamination

All the selected articles were in English and/or Portuguese.
The countries where the primary studies included in this
review took place were Brazil (3), the Netherlands (2), Italy
(1), China (3), Saudi Arabia (2), Pakistan (1), India (2),
Canada (1), the USA (6), Germany (1), and the Republic of

when using low-power lasers and how to minimize them.

We identified 33 citations of which none was systematic
review. Most of the studies were published in the last five
years. The “aerosol virus transmission dentistry” was the
most researched intervention, the most common group
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TABLE 3

Biosafety and low-power lasers

Summary of the studies included in on biosafety in the use of low-power lasers

Title Authors Periodic (year) Study/design
Influence of Rodrigues FCN, Lasers Med Sci, Observational
biosafety de Araujo 2020.
materials of JGL, dos
the laser Santos Araujo
output power. EM, et al

outcome was “laser-generated air contaminants” and
studies spanned a wide diversity of outcomes, effects, and
populations.

4 | DISCUSSION

The risk of contamination in dental offices is high, and the
dentist is highly potential contamination'>7-%1¢"1° because
the aerosol produced can contain viral particles.*>%16:20
There is also the risk of accidents leading to exposure to
biological materials.!” Considering the current pandemic
context, dentists need to adopt more rigorous biosafety
measures in their daily routines since the transmission of
the SARs-CoV2 virus is high and we are not know alright
the quality of the vaccine.

Lasers are widely used in daily routines and need to
be more widespread, as low-power ones do not produce
aerosols and, in addition to this advantage given the cur-
rent pandemic, can also be used to modulate the inflamma-
tory process, to accelerate tissue repair, and in analgesia.'?
Though the high-laser power produce aerosols and it is
widely used. Thus, it is extremely important to carry out
a bibliographic survey of the various ways of using lasers
safely and avoid cross-contamination in dental offices.

Unfortunately, this manuscript evidenced a lack of
research on the subject and, therefore, the classification of
quality of the selected articles would be impossible, since
during the bibliographic search there was no systematic
review. However, we use the adapted AMSTAR2 because it
includes other types of studies. The need to conduct clini-
cal and / or cellular studies was realized to strengthen the
literature regarding the need for biosafety also in the use of
lasers.

For this to be possible, biosafety measures must be
disseminated clearly and objectively so that health pro-
fessionals, especially dentists, are prepared for the new
conduct that they must take. Salivary components interact

Population/

intervention Considerations

Evaluates the
interference of
protective materials
in the light output of
low-power lasers.

All groups had reduced output power
after placing protective material
when related to the time factor. When
compared to the materials used for
protection, the protective material
containing polyethylene (HDPE)
showed a greater reduction in output
power than the protective material of
polyvinyl chloride (PVC) for red and
infrared wavelengths.

with several viruses, and viral transmission may be closely
linked to saliva—not only SARS-CoV-2!2 but also Epstein-
Barr virus (EBV); herpes simplex virus (HSV); hepatitis
A, B, and C viruses (HAV, HBV, HCV); cytomegalovirus
(CMV), human immunodeficiency virus (HIV), Chikun-
gunya virus (CHIKV), and Ebola, among others." Accord-
ing to Table 2, perceived the need for to adopt for measures
to protect professionals and patients against contamina-
tion through aerosols produced in the offices, which must
be met with even more rigor after this pandemic.

Gongalves et al'® conducted a questionnaire among
orthodontic surgeons and revealed that all of the respon-
dents wore gloves and masks, but only 50% wore sur-
gical caps and approximately 78% wore protection gog-
gles. These data are worrying because of the high
risk of contamination when health professionals’ eyes,
nose, or mouth are unprotected during the performance
of medical/dental procedures that generate aerosol in
patients infected with SARS-CoV-2, there is a high risk
of contamination.* %! Therefore, use of personal protec-
tive equipment, such as plastic visors, goggles, filters for
face parts class 2/3 (FFP2/3), or N95 masks, which filter
94%/99% and 95% of airborne particles, respectively, are
essential in healthcare environments to prevent further
spread of disease.”! Sharma et al’’> suggested that a rapid
test for detecting SARS-CoV-2 in saliva is possible and
available to dentists to expand dental care during this pan-
demic period. If this test is feasible, it will be an excellent
opportunity to streamline dental care during this period,
reassuring both professionals and asymptomatic patients,
who may or may not be contaminated.

Table 3 shows the scarcity of studies that portrays care
with biosafety using low-power lasers. Low-power lasers
are widely used in several dentistry specialties. They can
be used to reduce the microbial load, through photody-
namic therapy (aPDT), or even to modulate the inflamma-
tory process, by accelerating tissue repair and promoting
analgesia. Both aPDT and photobiomodulation were used
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characterize the effects of the type of
laser system, power and treated tissue,
with regard to exposure to airborne
contaminants generated by laser
(LGACS). In addition, current control
strategies do not seem to be adequate in
preventing occupational exposure to

concentrations in the simulated
scenarios are similar to those obtained
in limited field evaluations performed
in the hospital’s operating rooms.

better estimate size specific mass

characteristics for additional laser
operating parameters, in order to
estimate occupational exposure and

Although the estimated exposures are
below a level of health concern, only a
subset of LGACs and types of lasers in
clinical use have been considered.
Particulate matter and other chemical
constituents can pose a health risk to
medical personnel and patients. Smoke
evacuators are recommended and are
the most effective tool for controlling
surgical smoke, although the frequency
of use of the smoke evacuator is as low
as 17%, depending on the procedure.

Confined to the experimental conditions
of this screening study, the results
indicated that the beam diameter was

marginal power statistically significant
in the CO2 emission rates when using
the Ho: YAG laser, but not with the

repetition frequency (PRF) did not
influence the emission rates of these

Eye injuries, skin burns, injuries related
to the onset of fires, and electric shock
have been reported in relation to the
medical use of lasers. It is likely that

LAGO ET AL.
TABLE 4 Summary of the studies included in on biosafety in the use of high-power lasers
Biosafety and high-power lasers
Periodic  Study/ Population/
Title Authors (year) design intervention Considerations
Laser-generated air Taylor P, J Occup Descriptive It analyzes the published Few studies have attempted to
contaminants from Pierce Environ literature regarding the
medical laser JS,Lacey  Hyg, chemical and physical
applications: a SE, et al 2011. composition of the
state-of-the-science laser-induced plume,
review of exposure health effects and control
characterization, methods.
health effects, and
control. LGACs.
Application of a Lopez R, JOccup Observational Estimates the exposure of The results indicate that the
two-zone model to Lacey Environ particulate matter to two
estimate medical SE, Jones Hyg simulated laser medical
laser-generated RM (2015). procedures using a
particulate matter near-field/far-field model.
exposures.
Characterization of LopezR, Ann Occup Observational It aims to determine the effect Provides a basis for future research to
size-specific Lacey Hyg of laser operating
particulate matter SE, (2015). parameters on the emission  emission rates and particle
emission rates for a Lippert rate of specific mass size of
simulated medical JF, etal particulate material
laser procedure—a generated by laser through
pilot study. medical procedures inform control strategies
simulated in the laboratory.
Modeled occupational Taylor P, JOcupeo Observational Monitors potential exposure
exposures to Lippert Environ to laser-generated air
gas-phase medical JF, Lacey Hyg contaminants (LGAC).
laser-generated air SE, et al (2014).
contaminants.
A pilot study to Lopez R, JOccup Observational It establishes a methodology
determine medical Lacey Environ to estimate the emission
laser generated air SE, Hyg rates of laser-generated air
contaminant Lippert (2015). contaminants (LGACs) statistically influential and the
emission rates for a JF, etal using an emission chamber
simulated surgical and to perform a screening
procedure. study to differentiate the
effects of three laser carbon dioxide laser; the pulse
operating parameters.
contaminants in the gas phase.
An assessment of the  PierceJS, J Occup Descriptive Performs a bibliographic
occupational Lacey Environ search on PubMed, and all
hazards related to SE, Med articles relevant to the risks
medical lasers. Lippert (2011). of medical laser with and
JF, et al without beam.

acute and chronic health effects have
been experienced by medical personnel
as a result of exposure to
laser-generated air contaminants.
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during this pandemic period, and they are well indicated
as supporting agents in dental treatments because they do
not produce aerosols.

Low-power laser equipment must deliver an adequate
dose to irradiated tissues. The amount and quality of irra-
diation, as well as the coverage area, interfere with how the
tissue will react to therapy.'? In this context, it is necessary
to protect the exit area of the laser that will encounter the
biological tissue through plastic barriers to prevent cross-
infection. According to Rodrigues et al,'’” these barriers
need to be transparent and be well adapted to the tip to
prevent significant loss in the laser’s power output from
interfering in the effects on the target tissues. It is impor-
tant that more studies be carried out to expand the options
for biosafety measures.

On the other hand, high-power lasers form a spray,
ablation plume, or vaporization due to their increased tem-
perature, which produce aerosols.'?'*3 This plume is gen-
erated as a result of the irradiated target cells being heated,
to the point of causing membranes to rupture, as well as
pyrolysis and combustion of the target material.'**>>* The
quantity and characteristics of the aerosolized cellular
matter are determined by the type of laser used, the dose
used, and the type of tissue to be treated.'>**

Several researchers have sought to determine the com-
position of the laser surgical plume, with specific empha-
sis on its chemical constituents and particles, including
of infectious agents.'>** The analysis of microorganisms
shows bacteria, mycobacteria, fungi, and viruses present
in the plume or steam produced by lasers." Table 4 depicts
studies performed with these types of equipment.

Unfortunately, there are few existing study, and the most
recent are from 2015—that is, they precede the 2020 pan-
demic. Therefore, no reports exist of the composition of
plumes containing SARS-CoV-2, but it can be deduced that
if lasers are used in patients infected with COVID-19, the
virus will be present in that plume, since Peng et al' and
Ge et al’ reported the presence of this virus in the oral cav-
ity. Thus, it is important to use suckers close to the irra-
diation when using high-power lasers to remove both the
spray and the steam formed during the procedure.

Due to the severity and easily of transmission of the virus
that causes COVID-19, this study brings important data
regarding the need to carry out more studies that relates
laser and virus, as well as how to prevent this contamina-
tion during practices laser clinics. Thus, it is important that
preventive measures be adopted to help reduce spread of
the SARS-CoV-2 virus and others as well.

Lopez et al" carried out a pilot study to develop a pro-
totype to decrease the size of particles formed by medi-
cal laser equipment, to minimize contamination, estimate
occupational exposure, and think about control strategies.
Thus, it would be possible to determine the real risks of

exposure to professionals and thus to be able to communi-
cate with the health team, so that awareness can be raised
about seeking control strategies and devices can be devel-
oped to minimize contamination.

Health professionals, including dental surgeons, must
be aware that their care routine will never be the same. Pro-
fessionals who are qualified to use lasers in a practical and
safe way need to date on safety measures to employ this
technology, in ways that avoid cross-contamination and
reduce aerosols.

5 | CONCLUSION

This systematic review demonstrates that there are few
studies demonstrate the biosafety care that dentists need
with laser equipment. It is extremely important that safe
measures are taken to avoid cross-contamination, since the
risk of viral transmission is high in dental offices. It is also
necessary that more high-quality research and the use of
standardized methods be carried out for this purpose.
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