S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Photodiagnosis and Photodynamic Therapy 37 (2022) 102682

ELSEVIER

Photodiagnosis and Photodynamic Therapy

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/pdpdt

Check for

How can biophotonics help dentistry to avoid or minimize cross infection  [&&s

by SARS-CoV-2?

Joao Felipe Besegato “, Priscila Borges Gobbo de Melo “, Patricia Eriko Tamae “,

Ana Paula Aparecida Raimundo Alves®, Luis Felipe Rond6n ?, Leon G. Leanse °,

b

Carolina dos Anjos b Heitor Hussni Casarin ¢, Michelle Alexandra Chinelatti ©, Gise[e Faria?,
Tianhong Dai ", Vanderlei Salvador Bagnato “, Alessandra Nara de Souza Rastelli

& Department of Restorative Dentistry, School of Dentistry, Araraquara, Sao Paulo State University — UNESP, 1680 Humaita Street — 3rd floor, Araraquara 14801-903,

SP, Brazil

b Wellman Center for Photomedicine, Massachusetts General Hospital, Harvard Medical School, University of Harvard, Boston, MA 02114, USA
¢ Dentistry School, Central Paulista University Center — UNICEP, Sao Carlos 13563-470, SP, Brazil
4 Physics Institute of Sao Carlos, University of Sao Paulo — USP, Sao Carlos 13566-590, SP, Brazil

ARTICLE INFO

Keywords:

COVID-19

SARS-CoV-2
Biophotonics

Dentistry

Aerosol

Cross-infection
COVID-19 dentistry biosafety
Antimicrobial blue light
UVC decontamination
Photobiomodulation
Laser therapy
Antimicrobial photodynamic therapy
Biofilm

Oral decontamination
Dental caries
Endodontics
Endodontic treatment
Periodontics
Periodontal disease
Oral soft tissues

ABSTRACT

Biophotonics is defined as the combination of biology and photonics (the physical science of the light). It is a
general term for all techniques that deal with the interaction between biological tissues/cells and photons (light).
Biophotonics offers a great variety of techniques that can facilitate the early detection of diseases and promote
innovative theragnostic approaches. As the COVID-19 infection can be transmitted due to the face-to-face
communication, droplets and aerosol inhalation and the exposure to saliva, blood, and other body fluids, as
well as the handling of sharp instruments, dental practices are at increased risk of infection. In this paper, a
literature review was performed to explore the application of Biophotonics approaches in Dentistry focusing on
the COVID-19 pandemic and how they can contribute to avoid or minimize the risks of infection in a dental
setting. For this, search-related papers were retrieved from PubMED, Scielo, Google Schoolar, and American
Dental Association and Centers for Disease Control and Prevention databases. The body of evidence currently
available showed that Biophotonics approaches can reduce microorganism load, decontaminate surfaces, air,
tissues, and minimize the generation of aerosol and virus spreading by minimally invasive, time-saving, and
alternative techniques in general. However, each clinical situation must be individually evaluated regarding the
benefits and drawbacks of these approaches, but always pursuing less-invasive and less aerosol-generating
procedures, especially during the COVID-19 pandemic.

1. Introduction

novel coronavirus that was phylogenetically related to the severe acute
respiratory syndrome virus (SARS-CoV). This virus was later named

In the beginning of December 2019, an outbreak of pneumonia with
an unknown cause emerged in Wuhan, China. Clinically, according to
Huang et al., in 2020, the symptoms were similar to a viral pneumonia,
including fever, dizziness and cough [1]. Sequencing analysis of samples
obtained from the respiratory tract, revealed an infection caused by a
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SARS-CoV-2, which was responsible for this novel coronavirus disease,
later named COVID-19. In March 2020, as the COVID-19 cases began to
grow exponentially, spreading globally, it led the World Health Orga-
nization (WHO) to declare COVID-19 as a pandemic disease and a public
health emergency [2].
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According to the WHO, as of January 2021 more than 95.3 million
cases have now been confirmed worldwide, with over 2 million deaths
occurring as a result. Human-to-human transmission of SARS- CoV-2 is
through exposure to respiratory fluids carrying infectious virus. Expo-
sure can occurs by inhalation of very fine respiratory droplets and
aerosol particles, deposition of respiratory droplets and particles on
exposed mucous membranes in the mouth, nose, or eye by direct
splashes and sprays, and touching mucous membranes with hands that
have been soiled either directly by virus-containing respiratory fluids or
indirectly by touching surfaces with virus on them [3].

The high level of viral load in the upper respiratory tract, even
among pre-symptomatic or asymptomatic patients are associated to
SARS-CoV-2 shedding [4], which distinguishes it from SARS-CoV-1,
where replication occurs mainly in the lower respiratory tract [5], as
well as with transmission risk for other respiratory viruses [6,7].

Health care practitioners are under higher risk for this infection due
to their close contact with infected patients [8]. Around the world,
thousands of health professionals have had to leave their positions due
to COVID-19 infection. Also, the psychological pressure and fear that
can cause anxiety, depressive and distress symptoms [9] can contribute
to health professionals leave their positions during the pandemic
outbreak Many of them have unfortunately died as a result of the daily
direct contact with the coronavirus [10]. Oral healthcare practitioners
work close to patients and also, they are exposed to aerosol and droplets
splashing out of patients’ oral cavity [8,11]. Therefore, dentists are
under a high risk to get infection from patients and potentially spreading
it to their peers, families, and other patients. Under these circumstances,
it may be natural for dentists to develop a fear of being infected by their
patients [12].

SARS-CoV-2 has been identified in the saliva of infected patients
[13], suggesting that the aerosols generated during dental procedures
from an infected person may pose a risk to dental staff. These droplets
can remain even after the patient has left the clinic, leading to infection
of dental professionals via aerosols and contaminated surfaces [3].
Therefore, precautionary decontamination strategies should be consid-
ered for all patients, including asymptomatic individuals, to prevent
cross contamination [14].

Special care is required in dental facilities. Especially in the begin-
ning of the coronavirus outbreak, dentists were recommended to only
attend dental emergencies under strict measures wearing specific pro-
fessional protection equipment to minimize the risk and maintain social
distancing [11,15]. It is feasible that this extreme care is responsible for
the low percentage of dentists infected during the pandemic outbreak.

According to the guidelines highlighted by the United States Center
for Disease control (CDC) published in December 2020, aerosol gener-
ating procedures should be postponed or treated using alternative ap-
proaches to minimize aerosolization [16]. The dentists should prioritize
the most critical dental services and provide any care in a way to
minimize harm to patients from delaying care and harm to personnel
and patients from potential exposure to SARS-CoV-2 infection [16]. In
addition to these recommendations, a triage strategy has been adopted
for oral care patient to determine whether immediate treatment is
warranted or could be delayed, especially during the pandemic
outbreak. In this way, we believe that Biophotonics could significantly
contribute to Dentistry during this pandemic outbreak to avoid or
minimize the aerosol or droplets production during oral treatments.

Biophotonics is defined as the science of generating and harnessing
light (photons) to image, detect and manipulate biological materials. It
is applied successfully in Medicine and Dentistry to aid in diagnosis and
treatment of different diseases. Biophotonics mainly involves the inter-
action between light with biological tissues, and it is used to study
biological tissues and biological processes at scales that range from
micro to nano-levels. Biophotonics integrates lasers, photonics, nano-
technology and biotechnology. This integrated approach can provides a
new dimension for diagnostics and therapeutics [17-19].

In Dentistry, Biophotonics is crucial for the early detection of
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diseases, to carry out more effective and minimally-invasive targeted-
therapies, and to restore diseased tissues to full function and aesthetics
[20]. Since Biophotonics is based on conservative and minimally inva-
sive techniques, it could be a good option in Dentistry, especially during
these pandemic outbreak [21].

In this way, the goal of this literature review was two-fold. First, we
stated the risk and peculiar characteristics of the dental setting and
practice especially during the COVID-19 pandemic and we described the
care that dental staff should take. Second, we aimed to describe the
mechanisms and discuss the potential role of several light-based ap-
proaches to avoid or minimize infection by SARS-CoV-2 during the
COVID-19 pandemic.

2. Search strategy of the literature

A search of the literature was carried out in PubMED, Scielo, Google
Schoolar, American Dental Association and Centers for Disease Control
and Prevention (CDC — USA) to determine the current information
regarding COVID-19 pandemic outbreak and applications of Bio-
photonics in dentistry specially under this situation. Two hundred three
papers were retrieved by inserting by inserting the keywords “COVID-
19”, “SARS-CoV-2”, “Biophotonics”, “Dentistry”, “Aerosol”, “Cross-
infection”, “Transmission”, “COVID-19 safety protocols”, “COVID-19
dentistry biosafety”, “Dental practice management”, “Antimicrobial
blue light,” “UVC decontamination”, “Photobiomodulation”, “Laser”,
“Low level laser”, “Laser therapy”, “High Level Laser”, “High intensity
laser”, “Photodynamic therapy”, “Antimicrobial photodynamic ther-
apy”, “Photochemotherapy”, “Photodynamic inactivation”, “Photosen-
sitizer”, “Biofilm”, “Curcumin”, “Oral decontamination”, “Oral
infections”, “Dental caries”, “Endodontics”, “Endodontic treatment”,
“Systematic review”, “Meta-analysis”, “Periodontics”, “Periodontal dis-
ease”, “Periodontitis”, “Oral mucosa” and “Oral soft tissues”. It is
anticipated that this overview will create a specific picture in the dental
care practitioner’s mind regarding the current status and use of Bio-
photonics in Dentistry during the pandemic outbreak.

3. Dental settings and practical considerations

Due to the particular ergonomic scenario of the dental setting, the
dental practice should be carefully revised during COVID-19 outbreak in
order to offer safe care to both oral healthcare professionals and pa-
tients. In this section, important considerations regarding dental setting
and dental practice and how it is related to the SARS-CoV-2 virus are
given.

3.1. Cross-infection and aerosol transmission

Healthcare providers are in the front-line of the COVID-19 outbreak
under a notable risk of exposure to the virus. However, the peculiar
characteristics of the dental setting put oral healthcare practitioners
(dental clinicians, assistants and hygienists) and their patients under a
high risk of cross-infection, especially by the transmission of respiratory
infectious diseases, such as more recently by SARS-CoV-2 [11,22].
Moreover, the Occupational Safety and Health Administration has
highlighted the concern of safe dental practice, when ranked oral
healthcare practitioners under “very high exposure risk” for SARS-CoV-2
infection (Fig. 1) [23]. Thus, COVID-19 outbreak has claimed that pre-
venting disease by transmission-based measures is crucial.

Many factors are involved in cross-transmission. Microbial species,
virulence, risk of transmission, region of exposure, and frequency of
exposure are the major factors involved in contracting an infectious
disease [24]. Furthermore, these factors in association can increase the
infection risk for both patients and oral healthcare practitioners, since
they can be host/reservoir of pathogenic and non-pathogenic microor-
ganisms [24].

Saliva, respiratory secretion and respiratory droplets are expelled
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Occupational Exposure Risk for SARS-CoV-2 Infection

—
—
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—

MEDIUM

LOWER RISK

Oral healthcare practitioners, healthcare providers, laboratory personnel, morgue workers.
Note: performing aerosol-generating procedures and/or handling specimens from known or suspected

infected patients

Healthcare delivery and support staff, medical transport workers, mortuary workers

Jobs that require frequent and/or close contact with possible infected people. Schools,
high-population-density work environments, some high-volume retail settings

Jobs that do not require contact with possible infected people nor frequent close

contact with the general public

Fig. 1. Pyramid of occupational exposure risk for SARS-CoV-2 infection according to the Occupational Safety and Health Administration. Note that oral healthcare
practitioners are ranked under “very high” exposure risk due to the close contact with patients and the use of aerosol-generating procedures during the

dental practice.

during coughs, sneezes and talking [25], which represent important
routes for spreading SARS-CoV-2 worldwide. Aerosols are air-suspended
small particles which can exhibit various characteristics depending on
humidity, airflow and temperature [12]. Regarding aerosol size, they
can range from droplets (> 5 pm) to droplet nuclei (1-5 pm). These very
small particles are claimed to stay suspended in the air for hours, be
carried over long distances and contaminate surfaces by up to 1 m

distance [12,25,26]. In addition, SARS-CoV-2 virus can be viable even
after 24-72 h, depending on the material surface [27].

In a dental setting, microorganism transmission can occur by the
following routes: direct contact, blood-blood contact or dental unit
waters and aerosols [24]. For SARS-CoV-2, the most common trans-
mission route is by inhalation of droplets or aerosols from infected in-
dividuals or through direct inoculation by fomites (Fig. 2) [25,28].

OTHER SUSCEPTIBLE INDIVIDUALS/PATIENTS
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Fig. 2. Different contamination routes that are
transmission.

present during the dental practice. Note that airborne transmission and aerosol play a crucial role in virus



J.F. Besegato et al.

Generic dental practice that pre-disposes oral healthcare practi-
tioners to infection are: saliva, blood, aerosol/droplets and infected in-
struments [3,11]. Additionally, many aerosol-generating procedures are
performed by using high and low-speed handpieces, ultrasonic scalers,
and air-water syringes [12]. Consequently, these procedures can aero-
solize saliva and/or blood and spread infectious agents around the
dental offices. It is important to address that ACE2-positive epithelial
cells from salivary gland ducts are potential targets for SARS-CoV-2
[29], which suggests that salivary glands could behave as infection
reservoirs [30] and saliva as a spread-source of the virus [31]. However,
further studies are required to substantiate these hypotheses.

Aerosol plays a crucial role in airborne infections and it should be
avoided especially right now. Furthermore, auxiliary biosafety ap-
proaches such as: individual dental biosafety barrier and rubber dam
should be used in all procedures in addition to performing minimally
invasive procedures capable to decrease aerosol formation, the patho-
genicity and spreading are valuable during the SARS-CoV-2 outbreak
[32,33]. In addition, extra high-volume suction for aerosol and spatter
should be used during the procedures along with regular suction [3,34].

3.2. Biosafety in dentistry

The biosafety protocols were revised to reduce the risk of COVID-19
transmission to patients and dental staff [16]. The implementation of
protective measures before, during, and immediately after dental care
was necessary [33]. Current protocols recommend initial screening via
telephone to identify patients with suspected or symptoms consistent
with COVID-19 infection and, in positive cases, avoid non-emergent

Table 1
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dental care [35]. Everyone entering the dental healthcare facility
should be screened for fever and COVID-19 symptoms or exposure to
people with SARS-CoV-2 infection [16,35]. Physical distancing should
be adopted in the waiting rooms and in the dental office, where only the
operator and assistant are within six feet of the treatment aerosol
generating area [16]. Dentists should reduce aerosol production as much
as possible [36] through the use of hand instrumentation, rubber dam,
high-volume suction, and they should take extra-oral radiographs, since
the intraoral ones may induce coughing [37]. It is advisable to perform
dental practice with prevention-centered and/or minimally invasive
approaches [36].

During aerosol generating procedures, dental staff should use an N95
respirator or a respirator that offers an equivalent or high level of pro-
tection [16], full-face shield, goggles, gown or protective clothing and
gloves [16,37]. The proper cleaning and disinfection of environments
(including waiting room), and the change of protective barriers after
each patient should be ensured [16,33].

The removal of personal protective equipment (PPE) should follow
the correct order, as follow: remove gloves, gown or protective clothing,
the patient should leave the room or care area, wash your hands, remove
eye protection and surgical mask or respirator, and perform hand hy-
giene [16]. However, even following all biosafety measures,
SARS-CoV-2 can remain in the air, putting the dental care team at risk,
after removing the PPE, and the next patients [38].

In case of a dental emergency of patient under or suspected of having
COVID-19, in addition to the aforementioned care, dental treatment
should be provided in an individual room with a closed door. Once
aerosol generating cannot be totally avoid, the procedure should ideally

Potential biophotonics approaches to be used for the dental staff during COVID-19 pandemic.

Biophotonics approaches Indications

Advantages

Limitations

UVC light Surface and air decontamination

(100-260 nm)

Antimicrobial blue light surface and air decontamination

(405 nm)

Non-contact decontamination method;
High rates of viruses’ inactivation, including
SARS-CoV-2 (> 99%), in a short time

Non-toxic to mammalian tissues

Prolonged and continuous exposure might cause
unwanted effects, such as skin damage and eye
diseases

Higher radiant exposure is needed;
Limited evidence regarding their efficacy against
viruses

Low-level lasers (1 — 100 mW/
cm?)

High-level laser (> 500 mW)
(CO2, Nd:YAG, Er:YAG Er,Cr:
YSGG, and diode lasers)

Antimicrobial photodynamic
therapy

Pain control;

Mitigation of aphthous ulceration and
oral mucositis;

Muscle relaxation;

Management of dentinal hypersensitivity

Soft tissue oral surgeries (gingivectomy,
ulectomy, frenectomies, fiberotomy);
Cavity preparation;

Caries removal;

Remineralization of enamel and dentin;
Root canal cleaning and disinfection

Oral decontamination;
Dental caries;
Endodontic infections;
Periodontal lesions;
Oral candidiasis;
Denture stomatitis;
Herpes virus

Abbreviation of chair time;

Acceleration of healing and repair processes;
Non-thermal and non-mutagenic effects;
Management of COVID-19-related oral
lesions with successfully healing after few
days;

Control and mitigation of TMD symptoms due
to psychological pressure of quarantine
Microbial reduction;

Diminished aerosol generation;
Decontamination of the irradiated area;
Bloodless and atraumatic interventions;
Better hemostasis;

Decreased postoperative pain, trauma,
edema, scarring, and infection rate;
Minimally invasive;

Time-saving;

Shorten the number of dental visits

Efficacy against enveloped viruses like SARS-
CoV-2;

Decrease of infection recurrence;

Does not promote microbial resistance;
Non-invasive and non-toxic treatment;
Minimize and inactivate microorganisms’
load;

Low-cost treatment;

Minimally invasive;

Non-surgical treatment;

Wound healing;

Reduced bleeding

Limited evidence of the different aspects of COVID-
19 and their oral manifestations;

Lack of randomized clinical trials to safely state the
efficacy in COVID-19 patients

Ablation plume generated may harbor bacteria,
fungi, and viruses (including SARS-CoV-2);

Lack of information regarding biosafety care during
laser operation;

High-volume suction close to the irradiation site is
recommended

Lack of standardization in aPDT protocol
applications

Abbreviations: TMD (Temporomandibular disorder); CO, (Carbon dioxide); Nd:YAG (Neodymium-doped yttrium aluminium garnet); Er:YAG (Erbium-doped yttrium
aluminium garnet); Er;Cr;YSGG (Erbium, chromium-doped yttrium, scandium, gallium and garnet).
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take place in an airborne infection isolation room, and involves a limited
number of people. In addition, it is important to consider scheduling the
patient at the end of the day, and do not schedule any other patients at
that time [16].

4. Biophotonics approaches

In this section, the Biophotonics approaches that may help dental
healthcare practitioners to avoid or minimize the risk of SARS-CoV-2
infection are addressed. Table 1 displays an overview of all the Bio-
photonics approaches that will be presented in this paper.

4.1. Decontamination of the surfaces and air

Given the nature of dental procedures that frequently require oral
irrigation and the use of high or low speed handpiece and ultrasonic
scalers, the propensity for spreading oral microbiota to surfaces and via
aerosols is high [39]. Furthermore, as SARS-CoV-2 has been shown to be
carried in high titers in saliva of both symptomatic and asymptomatic
individuals [13,31], the risk of cross contamination within the dental
clinics is a genuine concern. There are several Biophotonics approaches
that have been demonstrated to effectively decontaminate surfaces and
aerosols within clinical settings. Ultraviolet C (UVC; 100-260 nm
wavelength), which possesses potent microbicidal properties [40-42],
has been a particularly effective approach for the decontamination of
patient rooms [43]. In a study by Boyce et al. [44], it was found that
following the application of UVC using a mobile UVC device, the risk of
positive microbial culture within patient rooms dropped by 88% illus-
trating the effectiveness of UVC for decontamination purposes. These
findings were supported by another study by Mahida et al. [45] who
found that 99.9% of bacteria could be eliminated within patient rooms
as short as 5 min following the application of UVC. The authors from
both studies asserted that ‘shadowing’ could be a mitigating factor that
could reduce the effectiveness of UVC, however, they conceded that the
use of reflective UV paint could improve the overall exposure area.
Importantly, the use of UVC has also been validated for use against
SARS-CoV-2. For example, in a study by Kitagawa et al. [46] found that
the low UVC dose of 3 mJ/cm? reflecting a 30 s exposure time was
sufficient to reduce the viability of SARS-CoV-2 by 99.7%. Put together,
these findings strongly suggest that UVC could be an effective Bio-
photonics approach to decontaminate surfaces within the high-risk
environment of the dental clinic.

Some studies have also suggested that UVC may be a possible
approach for decontaminating SARS-CoV-2 within aerosols. For
example, in a study by Buonanno et al. [47] determined that UVC could
inactivate 99.9% of seasonal coronaviruses within the air. While they
had not directly evaluated the effectiveness against SARS-CoV-2, the
authors were confident that due to genomic similarities between the
seasonal coronaviruses and SARS-CoV-2 that this method would be
equally effective.

As an alternative Biophotonics approach to UVC, antimicrobial blue
light (aBL; 405 nm wavelength) has been attracting attention because of
its intrinsic antimicrobial properties [48]. The dominant mechanism of
aBL mediated antimicrobial effects is through photo-excitation of
endogenous porphyrins that induce the production of reactive oxygen
species (ROS) [49]. In dentistry, aBL has been shown to be a potentially
efficacious approach for the treatment of gingivitis and periodontal
diseases, as evidenced by in vitro evaluations [50] as well as denoted in
clinical studies [51]. In fact, aBL has also been used as a method for
hospital disinfection which may suggest that it could be a viable
approach for the disinfection of dental clinics. In a study by Bache et al.
[52] they found that a 7-day exposure under very low irradiances of aBL
(0.0096 mW/cm? — 0.2310 mW/cm?) over all surfaces present within
the hospital room, resulted in an average viability reduction of 60%,
with certain surfaces being completely decontaminated. These findings
suggest that aBL may be a potential approach for decontaminating
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dental clinics. Unlike UVC, significantly higher radiant exposures are
required to inactivate microbes, however, aBL has the benefit that it is
not toxic to mammalian tissue even at high radiant exposures [53].
Therefore, it is feasible that aBL could be present even during procedures
within the dental clinics to limit contamination of surfaces and the air.
The literature regarding the efficacy of aBL against viruses are limited
[49], and to date there is no evidence to show that aBL would be
effective at inactivating SARS-CoV-2. However, in a recent study, it was
determined that SARS-CoV-2 requires porphyrins which it derives from
hemoglobin, resulting in perturbation of heme metabolism [54]. This
hypothesis was brought into question by the in-silico analyses and thus it
still requires experimental evidence to corroborate. Nevertheless, if
SARS-CoV-2 indeed results in an accumulation of porphyrins within the
host, it is feasible that aBL could inactivate SARS-CoV-2. However, as far
as decontamination from surfaces are concerned, as there would be no
interaction with host cells, it is difficult to predict the potential efficacy
of aBL against SARS-CoV-2 on surfaces or aerosols.

Despite the proven efficiency of UV radiation for pathogen control,
the safety of UV still deserves attention, since its use may cause un-
wanted adverse effects including skin damage and eye diseases [55].
Thus, safety guidelines of UV-based approaches are needed to ensure its
general use to control or prevent SARS-CoV-2 and other infections [55].

4.2. Low-Level lasers

Low-level lasers have been widely used in dentistry to provide
modulation of the inflammatory process, analgesic effects and to
accelerate the healing process over soft and hard oral tissues. It is also
used in the treatment of several pathologies without causing a thermal
response and without mutagenic effects [18,56-59]. The mechanisms of
the low-level lasers are based on the photobiomodulation of intracel-
lular compounds [60].

Photobiomodulation is described as a simple, efficient and low-cost
treatment for acute and chronic pain [57]. The light under specific
wavelengths penetrates tissues and is absorbed by mitochondria pho-
toreceptors that activate chemical reactions resulting in increased ATP
synthesis, promoting tissue regeneration, for example, in the nerves of
the skin, muscle, bone and peripheral (Fig. 3).

Photobiomodulation provided by the use of low-level lasers can be
applied in a variety of clinical oral conditions including pain control in
orthodontics, the mitigation of aphthous ulceration, the management of
dentinal hypersensitivity as well as the prevention and mitigation of
cancer radio- and chemo-therapy-related oral mucositis among others
[61-67]. In addition, low-level lasers can act on muscle relaxation and
adaptation of the temporomandibular joint, to improve the quality of
life [68-71], during the orthodontic/orthopedic treatment and to im-
mediate relief in a stressful situation of muscle contraction or even
headaches due to malocclusion, lymphatic drainage to accelerate repair
processes and also in the reduction of pain episodes in cases of trigem-
inal neuralgia [69] and composite resin restorations [72].

Photobiomodulation typically uses low-intensity light exposure
(energy densities in the range of 1-100 mW/cm?) for a few minutes
[58]. Thus, given the many possibilities including during the pandemic
outbreak.

It has been reported that COVID-19 positive patients may present
oral lesions such as aphthous-like ulcer, erythema, and lichen planus
[73]. The same study reported that more than 78% of the COVID-19
infected patients exhibited some oral lesion [73]. In this context, com-
bined phototherapy approaches have been used to manage these
COVID-19-related oral lesions [74,75]. The use of photobiomodulation
has been claimed even in severe cases of acute respiratory distress
syndrome in COVID-19 infected patients [76]. Clinical outcomes related
to the application of photobiomodulation have shown successfully
healing of oral lesions after few days [74,75]. These benefits appear to
be related on the photobiomodulation’s capacity to reduce or inhibit
important substances involved in pain and inflammatory processes [74],
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Fig. 3. Mechanism of action of low-level lasers.

leading to an enhanced healing and improved quality of life for patients.
A recent systematic review reported that photobiomodulation can
significantly decrease the production of pro-inflammatory cytokines and
some interleukins, reducing inflammation processes, regenerating
damaged tissues [77], and balancing the immune system [76].

Moreover, during the pandemic outbreak, people with a positive
diagnosis or with suspected COVID-19 case have experienced great
psychological pressure [78]. In addition, people who are quarantined,
fulfilling social isolation, restricted to leave, concerned about infection,
afraid of death, lack information, and who have lost daily social re-
lationships, can further experience high levels of anxiety and depression
[79]. Once psychological factors are associated with the development of
disorders, including temporomandibular disorders (TMD) [80],
low-level lasers could contribute to control and minimize the symptoms
of TMD, especially during the pandemic outbreak.

Although the use of photobiomodulation to treat COVID-19 positive
patients is promising, further information regarding the different aspects
of COVID-19 [75] and randomized clinical trials [77] are required in
order to safely state their use and effectiveness.

4.3. High-level lasers

In Dentistry, lasers that work beyond the 500 mW range are called
high-level lasers. These lasers have been applied to high-intensity laser
therapies given their soft tissue and/or hard tissue cutting hability. For
such uses, COy, Nd:YAG, Erbium (Er:YAG, and Er,Cr:YSGG) and diode
lasers are among the most used in Dentistry [81].

New insights or scientific evidence could allow dentists to improve
the biosafety measures and prevent cross contamination when dealing
with new infectious diseases such as COVID-19. High-level lasers used in
Dentistry meet guidelines to minimize risk of cross infection by SARS-
CoV-2 mainly through microbial reduction and diminished aerosol
production [18]. Moreover, high-level lasers are widely used in dentistry
as a minimally invasive approach that allows dental professionals to
perform different procedures more rapidly as well as few follow-ups and
patient visits, which is very important specially during the pandemic
outbreak [18].

4.3.1. Soft tissues applications

High-level lasers are used to quickly and effectively addressing soft
tissue complications through bloodless and atraumatic surgical in-
terventions. The main indication for high level lasers in soft tissues is
based on surgeries such as gingivectomy, ulectomy, frenectomies, and
fiberotomy. The benefits of using high-level lasers for soft tissue oral
surgery include better hemostasis, decreased postoperative pain and
infection rate, minimal tissue contraction, low or no need for sutures,
short surgical stages, decreased trauma, edema and scarring, besides the
reduced need for local anesthetics. As high-powered lasers act by
increasing the temperature, their use also has the advantage of decon-
taminating the irradiated area. Thus, there is a great probability of the
tissue repair process occurs with no presence of infection in the surgical
wound [82].

Among the high-level lasers used to the soft tissue oral surgery, the

diode and CO; lasers play a special role given their cutting ability,
providing safer procedures. Diode laser wavelength ranges between 810
and 1064 nm and it is absorbed by pigmented tissues that contain he-
moglobin, melanin, and collagen. The laser/tissue interaction may lead
to coagulation, denaturation of proteins, vaporization, and carboniza-
tion of the tissues depending on the amount of energy emitted (Fig. 4).
This process can seal the blood vessels promoting hemostasis, inhibits
the pain receptors on the incision area, decreases the risk of infection,
and may improve the healing process. Diode laser has been used for soft
tissue surgery in the oral mouth like periodontal surgery due to effective
tissue ablation, hemostatic and bactericidal effects, and a more adequate
and clear visualization of the surgical area during its use [83].

Likewise, CO3 laser has been increasingly used in oral surgeries as an
efficient alternative to conventional surgeries, as it shows good ab-
sorption by the tissue water, resulting in the vaporization of the intra
and extracellular liquid with disintegration of the cells. The advantages
of the CO; laser are related to the precise elimination of soft tissues with
hemostasis and simultaneous microorganism reduction, and post-
operative process with a mild inflammatory response by reducing
infection [83,84].

Moreover, soft-tissues surgical procedures such as frenectomy and
mucocele removal with diode or Nd:YAG lasers could be performed
within a few minutes, reducing the need for anesthesia or wound care
and therefore reducing the fear of the patient [85]. Besides, diode laser
has positively influenced the post-surgical wound healing by the accel-
eration of the epithelial regeneration, providing lower postoperative
pain and discomfort than conventional techniques [86-88].

Er:YAG, Er,Cr:YSGG, CO,, diode, and Nd:YAG lasers have been also
employed for gingival tissue ablation. Among that, Er:-YAG laser has
shown to be the most efficient and refined for gingival ablation with
minimal or no thermal damage on surrounding tissues [86]. Er,Cr:YSGG
laser has been used in nonsurgical periodontal treatment showing
additional improvements in terms of dental pocket reduction and
gingival bleeding compared to traditional nonsurgical therapy [89].

4.3.2. Hard tissues applications

The lasers used to hard tissues act by ablation, a mechanism in which
laser energy is absorbed by water and hydroxyl group in hydroxyapatite,
causing rapid heating and swelling that result in high internal pressures
leading to the removal of the substrate by micro-explosions. Cavity
preparations with high-level laser allows maximum conservation of
dental structure, low need for anesthesia with additional characteristics
making the enamel, dentin and cement more resistant to the acid attack
of bacteria [82].

For the dental hard tissues, Er:YAG laser is mainly used for cavity
preparations, caries removal, polymer restorations removal, remineral-
ization of enamel and dentin, and to decrease the amount of microor-
ganisms, apart from be able to work with reduced water spray, reducing
the contamination of the environment through the aerosol produced
during the procedures, which could prevent or minimize the risk of
transmission for COVID-19 as much as possible [18]. For endodontic
application, Er:-YAG laser-activated irrigation has been shown as an
effective method of root canal cleaning and disinfection [90].
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Fig. 4. Mechanism of action of high-level lasers. They act by ablation, in which laser energy is absorbed by water and hydroxyapatite and result in particle removal

by micro-explosions.

According to Brugnera Jr. et al., in 2020, Er:YAG laser can be an
important tool to create a less contaminated clinical environment once
significantly decreases the production of aerosol during the dental
procedures. It is important for both, the health of the dental staff and
also to minimize the contamination of the environment and equipments.
Especially right now, during the COVID-19 pandemic outbreak, this
could be an important tool to prevent or minimize the risk of
transmission.

A previous published literature review [83] comparing surgical
methods of treatment for soft tissue showed that the use of high-level
laser was considered as minimally invasive and showed superior ad-
vantages to those of the conventional scalpel, such as reduction of
bleeding, inflammation, post-operative pain and lower probability of
scars. These reports meet guidelines to minimize risk of cross infection
by SARS-CoV-2, insofar as high-level lasers allow dental professionals to
perform quickly procedures which requires shorter operative time, as
well as fewer follow-ups and patient visits. Furthermore, high level la-
sers are able to operate with reduced water spray decreasing the aerosol
produced that could help to avoid or minimize cross infection in a dental
setting [18].

Although less aerosol-generation is observed, high-level laser gen-
erates a spray, ablation plume, or vaporization due to their increased
temperature during the use. Few studies have investigated the compo-
sition of laser ablation plume, but it is reported that the plume may
contain bacteria, viruses, and fungi [91], which suggests that the abla-
tion plume can harbor SARS-CoV-2 when using the laser in infected
patients [92]. In addition, a recent published systematic review high-
lighted the lack of information regarding biosafety care when dental
clinicians use laser equipment [92]. The use of high-volume suction
close to the irradiation site is strongly recommended during the pro-
cedure [92].

EXCITED SINGLET STATE

4.4. Antimicrobial photodynamic therapy

The term “photodynamic action” describes a reaction that depends
on the presence of molecular oxygen and the use of a chemical com-
pound called as photosensitizer and a light source under specific
wavelength [93-95]. Hermann von Tappeiner firstly noted that isolated
light and dye, in the absence of oxygen, did not cause cell death. This
author continued to develop the concept of photodynamic action and
presented the first results in humans using eosin as a photosensitizer to
treat different skin diseases [94].

Antimicrobial photodynamic therapy (aPDT) basically consists on
the interaction among three components [93,96-101], resulting in
photo-physical-chemical reactions responsible to produce reactive oxy-
gen species (ROS) with high oxidation ability of the cellular compo-
nents, causing cell damage [93] (Fig. 5).

The mechanism of action of the photosensitizer on the cellular tar-
gets determines the type of reaction that occurs during antimicrobial
photodynamic therapy (aPDT). The photosensitizer can act directly or
indirectly. Direct reactions depend on the presence of oxygen (reactions
type [ and II), while indirect reactions do not depend on the presence of
oxygen (reactions type III and IV) [102]. During aPDT reaction, the
photosensitizer absorbs photons emitted by the light source. In this way,
the photosensitizer moves from the fundamental state to excited singlet
state. Once the photosensitizer undergoes this initial transformation, it
can return to the ground state by releasing excitation energy (fluores-
cence or heat) through an internal conversion or move to a less unstable
state of excitation, called triplet state [103-107]. Thus, upon reaching
this state, the photosensitizer can return to the fundamental state
through the emission of phosphorescence or by two reactions that
generate reactive oxygen species (ROS) [103-108].

In the type I reaction, the photosensitizer under excited state reacts
with the target tissues. The reaction occurs by the transfer of electrons,
forming superoxide radicals (O5™) that can undergo chemical redox
reactions and become hydrogen peroxide (H202) which is a highly-
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Fig. 5. Adapted Jablonski’s diagram showing the photo-physical and the photo-chemical mechanisms involved in aPDT reactions.
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reactive precursor of free hydroxyl radicals. The formation of these
hydroxyl radicals is caused by an oxidative process (Fenton-like re-
actions) that are delivered by the decomposition of hydrogen peroxide
(H202) [103-107]. From this stage, the reaction can interact with any
biomolecule in the environment, causing cell death [109].

In the type II reaction, the energy of the photosensitizer under the
excited triplet state is transferred to the fundamental triplet state of
oxygen, generating singlet oxygen, with high toxicity [109,110]. The
singlet oxygen generated can interact with various molecules inside the
cell, causing cell death [110,111]. The type II reaction has a toxic effect
of singlet oxygen, causing a rapid and indiscriminate reaction with all
types of biomolecules [112]. Because it has no defense mechanism
against these molecules, the cell dies [112]. Type I and II reactions can
occur at the same time, regardless of whether they have different paths.
The ratio between the two reactions is directly influenced by the intra-
cellular substrates, the characteristics of the photosensitizers used and
the concentration of oxygen present in the cellular environment [113].

Type III and IV reactions are not dependent on oxygen to promote
microbial cell death during secondary reactions caused by the direct
activation of the photosensitizer. In the type III reaction, an interaction
of the photosensitizer under triplet state with free radicals occurs which
promotes cytotoxicity inside the microbial cell. Finally, in the type IV
reaction, an intramolecular remodeling occurs, so-called photo-
isomerization after excitation of the photosensitizer under specific
wavelength, helping the connection to the target cell [102].

The application of aPDT in Dentistry has been described as a widely
used method for the treatment of bacterial and fungal infections, oral
cancer, diagnosis of oral malignant lesions, disinfection of the oral cavity
and for the treatment of dental caries and other oral infections, such as
periodontal and endodontic infections [114-116]. In addition, aPDT can
be considered a simple technique, with attractive characteristics for use,
since it has some important advantages, such as: broad spectrum of
action (photosensitizer acts on several microorganisms), low or no
occurrence of side effect and has no resistance to treatment regardless of
the number of applications [114].

The use of aPDT as an alternative method for disinfecting the oral
cavity, treating pneumonia and/or respiratory tract infections and also
against enveloped viruses like SARS-CoV-2 has proven effective [117,
118]. In addition, aPDT may be an effective method against
SARS-CoV-2, due to the formation of reactive oxygen species (ROS) that
are able to damage viruses [117-119] and prevents microorganisms to
penetrate the mucous membrane, controlling possible secondary in-
fections [120]. Considering the mutation ability of SARS-CoV-2, the use
of aPDT for oral decontamination becomes even more important, since it
is a method that does not promote microbial resistance mechanisms
[120-122]. Therefore, an alternative to perform this procedure with the
purpose of disinfection of the oral cavity [123].

According to Nunes et al. [123], aPDT can be useful to reduce the
spread of COVID-19 in dental offices. According to recent published
studies, aPDT showed in vitro antiviral activity against SARS-CoV-2
[117,118]. Moreover, a systematic review of 27 studies showed that
aPDT can inactivate enveloped and non-enveloped DNA and RNA vi-
ruses, which suggest their promising potential against SARS-CoV-2
[124].

Thus, in order to contribute to the safety of all dentistry pro-
fessionals, the association of other protocols with aPDT can be a useful
method to prevent infections by COVID-19 in a dental care facility.

4.4.1. Oral decontamination

The oral cavity is an appropriate environment for the development of
various microorganisms, since it has different surfaces, secretions and
nutrients. As a result, the environment becomes favorable for the colo-
nization of several microorganisms [125,126]. Furthermore, hard tis-
sues, such as dental enamel, may facilitate bacteria attachment and the
consequently development of biofilms. However, some dental materials
used in dental practice to restore the integrity of the teeth and
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reestablish the patient’s function, such as resin-based composite,
amalgams, ceramics, orthodontic wires, among others, can also facilitate
the formation of the biofilms [127,128].

Due to the various factors that contribute to the formation of biofilm
and the colonization of microorganisms in the oral cavity, the control of
the biofilms in the oral cavity is considered a great challenge. As an
alternative, chlorhexidine-based mouthwashes represent the most used
chemical strategy for biofilm control [114,129-131]. Chlorhexidine has
a large absorption spectrum, which acts on bacteria (Gram-positive and
Gram-negative), yeasts, and virus. In addition, this antimicrobial agent
reduces 90% of bacteria for more than 7 h [132]. However, several
adverse effects are related to the continued use of chlorhexidine in the
mouth, such as altered taste, discolored teeth, burning sensation [114,
129], increased calculus formation and soft tissues discoloration
[133-135].

The application of aPDT has been used against pathogenic micro-
organisms as an antibacterial, antifungal and antiviral non-invasive
treatment [136]. For this reason, aPDT has been increasingly investi-
gated to verify the effectiveness in oral cavity disinfection. In a sys-
tematic review published by Kallesariam et al. [137], it was observed
that aPDT can be effective for decontamination of the oral cavity, with
important clinical applications, since this procedure is performed, a
reduction in the microorganisms’ load from oral biofilms (fungus, bac-
teria, yeasts and virus) occurs. The reduction and inactivation of mi-
croorganisms consequently mitigate their possible spread during
aerosol-generating procedures, which may include the SARS-CoV-2
virus. According to Syyatchenko et al., in 2021, aPDT shows high anti-
viral activity against SARS-CoV-2 by the use of methylene blue com-
bined in vitro to Radachlorin [118]. Thus, in pandemic times, aPDT
could be a good option to decontaminate the oral cavity previously to
different clinical procedures in order to minimize and inactivate mi-
croorganisms load, as well as, reduce their pathogenicity. However, we
emphasize that aPDT does not completely eliminate the risk of
cross-transmission, making the biosafety measures indispensable.

4.4.2. Dental caries

Dental caries can be defined as a multifactorial, dynamic and
biofilm-mediated disease [138-140]. The disease development and
progression results from the biofilm imbalance and acid production from
dietary carbohydrate fermentation which causes demineralization of the
tooth surface [141,142]. In the long term, dental caries can cause not
only biological and dental consequences, but also negative impacts on
the individual’s quality of life and general health. Although a significant
reduction in the prevalence of dental caries in many countries around
the world [141], except in Scandinavian countries [143] has been
observed, caries disease still remains a major public health problem,
affecting more than 2.4 billion people of all age groups around the world
[141,144].

During the dental caries progression, it is possible to observe the
development of visible changes on the tooth structure, or incipient caries
lesions, which initially do not cause any discomfort/pain, but whether
untreated, can progress to cavitation [142,145,146]. New strategies, the
improvement of conventional techniques and the development of new
equipment for the treatment of carious lesions are important not only to
reduce the prevalence of caries, but also to promote oral health [147].
Therefore, minimally invasive dentistry aims the prevention, reminer-
alization and, once necessary, minimal intervention during restorative
procedures, preserving as much as possible the sound dental structure
[142,148].

Traditionally, complete caries removal was performed (infected and
affected) during cavity preparation for future restoration. However,
contemporary dentistry aims to prepare the cavity in a minimally
invasive manner, removing only the infected dentin [149,150]. This
type of treatment has been increasingly used in order to avoid pulp
exposure [151,152]. The complete removal of decayed tissue can pro-
mote pulp exposure due to the depth of the cavity and can also promote
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a reduction in the thickness of the remaining dentin (thickness between
the bottom of the cavity and the dental pulp) [149,153]. Therefore,
more conservative approaches are being adopted [149].

During the pandemic outbreak, the protocols in a dental setting were
reviewed and changed [154]. Usually, to remove the dental caries rotary
instruments, such as high and low-speed handpiece and dental ultra-
sound are used. Both of them are not recommended at this moment, as
they can induce coughing and generate aerosols. If necessary, it is up to
the dentist to prefer atraumatic restorative techniques that uses only a
sharp spoon excavator to remove the dental caries [154,155].

Adjunctive antimicrobial techniques should be used as a compli-
mentary technique after dental caries removal for providing the disin-
fection of the remaining bacterially contaminated dentine before placing
a restoration [156]. In this way, aPDT could be a valuable clinical
possibility [156]. aPDT can acts as a promising adjuvant method to
promote dentin decontamination prior to the future restoration [156],
reducing the bacteria load at the cavity preparation. Some studies in the
literature using dentin substrate and different in vitro models of carious
lesion induction and in vivo models, showed promising results provided
by aPDT [157-159].

4.4.3. Endodontic infections

Endodontic infections are one of the main causes of emergency
dental visits [160]. During the pandemic of SARS-CoV-2, endodontic
emergencies have increased more than normally [161] which highlight
that dental healthcare practitioners can manage these emergencies more
often.

The endodontic treatment mainly aims to control the infection of the
root canal system [162-164]. Conventionally, mechanical debridement
and chemical irrigation are employed to obtain suitable disinfection
[164-166]. However, the anatomical complexity of the root canal sys-
tem hinders a complete debridement and removal of the microorgan-
isms’ load [167], which can lead the endodontic treatment to fail due to
persistent contamination.

In the last few years, many laboratorial and clinical findings have
reported aPDT as a adjunctive strategy to reduce bacterial load, post-
operative pain, and to enhance the chances of tissue healing [162,163,
168,169]. Moreover, the easy application and unlikely generation of
microbial resistance also encourage the use of aPDT combined with
endodontic procedures [170].

However, there is no standard protocol for aPDT application since
the aPDT parameters, including type of photosensitizer, irradiation time
and power density used can vary among different studies [171].
Regarding the light source, diode lasers were the most used for aPDT in
endodontics due to the hinder access for light irradiation in the root
canal systems [171]. Although the promising results for aPDT, a need for
high-quality and well-conducted studies which aims to state an aPDT
protocol was reported [171].

Taking the SARS-CoV-2 outbreak and the scientific reports into ac-
count, aPDT can be a useful strategy in endodontic treatment since it can
promote enhanced microorganism elimination which may decrease
infection recurrence, the number of emergency dental visits, and the risk
of SARS-CoV-2 transmission. Moreover, rubber dam and high-power
saliva ejectors are strongly recommended as protective barriers to
avoid contaminated spread during endodontic interventions [34,161].
According to Marshall K., in 2017 [172], with the use of rubber dam,
98.5% of the microbial content of such aerosols is shown to be elimi-
nated. In addition, the use of rubber dam can avoid the continued touch
recontamination of the gloved hands of dentist and nurse with the pa-
tient’s oral mucosa.

4.4.4. Periodontics

The COVID-19 pandemic represents a challenging environment for
periodontology [173]. Furthermore, the global burden of periodontal
diseases remains high [174]. Periodontitis is one of the most common
inflammatory diseases [175] associated with the presence of bacteria
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and their subproducts, mediated by the host immune response, resulting
in attachment and bone loss [176]. Non-surgical mechanical therapy for
removal of bacterial biofilms and mineralized deposits on the root sur-
face remains the treatment of choice for periodontitis [177].

The high infectivity of SARS CoV-2 makes ultrasonic devices units
not recommended due to the high generation of aerosols. Therefore,
scalers and curettes should be the instruments of choice for non-surgical
mechanical therapy [3]. Likewise, the application of aPDT stands out
during this pandemic time, as a low-cost local treatment, minimally
invasive, non-toxic to tissues, without causing bacterial resistance [104]
and killing a broad spectrum of pathogens: bacteria, fungi, parasites and
viruses [136]. aPDT has become a promising adjunctive therapy to
non-surgical mechanical therapy in the treatment of periodontitis,
showing similar clinical results compared to antibiotic therapy [178].
Another feature that aPDT can provide is the bleeding reduction during
the probing of the treated sites [179-181] which is important due to the
transmission routes of SARS CoV-2 [3].

In addition, the combination of aPDT to non-surgical mechanical
therapy during supportive periodontal therapy may lead to improve-
ments in clinical parameters such as probing depth and clinical attach-
ment level [182]. A single session of mechanical therapy followed by
three aPDT sessions may enhance clinical outcomes [183], thus avoiding
repeated instrumentation that can cause damage to the root surface,
hypersensitivity, gingival recession and bleeding [184]. Also, the
application of this adjunctive approach during surgical therapy has
shown superior clinical parameters than surgical therapy alone [185].

Different systematic reviews and meta-analysis have assessed the
role of aPDT as an adjunct to surgical and non-surgical mechanical
therapy in the treatment of periodontal diseases [178,182,185-189]. A
total of 26 randomized clinical trials using as test group (aPDT + sur-
gical/non-surgical mechanical therapy) and usually as control group
(surgical/non-surgical mechanical therapy alone or in combination with
antibiotic therapy) were reviewed. Diverse clinical parameters such as
probing depth, bleeding on probing, clinical attachment level, gingival
recession, plaque index and gingival index, as well as immunological
and bacterial profiles were evaluated, showing better or comparable
results to those of the control groups. However, these positive outcomes
described for the adjunctive aPDT should be interpreted carefully due
the studies heterogeneity involving multiple variables such as clinical,
photosensitizer and laser parameters [190]. Therefore, the scientific
community needs to establish and require a minimum of clinical pa-
rameters for aPDT research to be able to replicate or compare therapies
with greater precision [177].

The performance of procedures safely for both patients and staff in
the face of this pandemic is mandatory. In this way, aPDT following
accurate protocols can serve as a safe, minimally invasive and efficient
complement in the treatment of periodontal diseases.

4.4.5. Soft tissues

Microorganisms are involved in several diseases that can affect oral
soft tissues [190]. The fungi Candida albicans can act as opportunistic
pathogens associated with oral mucosa diseases such as oral candidiasis
and denture stomatitis [191]. Similarly, the Herpes Simplex virus can
cause infectious diseases in the orofacial region [192]. The imple-
mentation of aPDT mediated by blue methylene as an adjunct treatment
in oral candidiasis has been supported to a certain extent in terms of
reduction of microbial load [193]. With regard to denture stomatitis,
aPDT seems to offer results comparable to those of conventional anti-
fungal therapies [194]. Likewise, the application of this therapy is
promising for the herpes simplex virus, within the available scientific
evidence, the aPDT can be a possible effective treatment for recurrent
herpes labialis [195].

In addition, aPDT has been described as an effective alternative
treatment option for potentially malignant oral disorders, such as oral
leukoplakia, oral lichen planus, erythroleukoplakia, and oral verrucous
hyperplasia [196]. Furthermore, cancer patients who received
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chemotherapy can be affected by oral mucositis that are often infected
by microorganisms such as Candida Albicans and Herpes Simplex virus
[197]. aPDT may represent an adequate treatment for oral mucositis
lesions, which shows positive results in wound healing in addition to its
antimicrobial properties [198]. Therefore, aPDT can play a key role for
elderly patients and patients who have underlying health conditions,
which are a more susceptible population for the COVID-19 pandemic
[199]. aPDT has demonstrated promising outcomes when used as iso-
lated therapy or in combination with other conventional treatments
such as surgery, chemotherapy and radiotherapy in the treatment of
malignant and premalignant oral, head and neck lesions [200]. Ac-
cording to the available research, aPDT is a potential adjuvant to con-
ventional therapies for the treatment of several diseases [190].
However, further research is needed using well-designed randomized
controlled clinical trials to establish accurate clinical parameters for the
treatment and prevention of different pathologies.

SARS-CoV-2 outbreak can be seen as an opportunity to improve re-
sources and provide safer procedures for both health workers and pa-
tients [201] in which aPDT stands out as a non-invasive safe therapy,
which shows several remarkable effects, such as wound healing,
reducing bleeding, effectively against pathogenic microorganisms and
that does not cause bacterial resistance, compared with the use of
antibiotic [190].

5. Safety use of biophotonics approaches in the SARS-CoV-2
pandemic

According to Arnabat-Dominguez et al. [202], in addition to all
common and routine biosafety recommendations for dentistry, and
especially right now during the pandemic outbreak, specific care should
be followed to the use of different approaches based on the use of
Biophotonics.

For the safety use of high-level lasers, the lowest laser parameters
[202] that could provide adequate clinical effects in combination with a
reduction of air flow under a correct water spray during laser ablation
may reduce the aerosol production and viral spread. Under any clinical
situation, special glasses/google for each laser wavelength, the use a
rubber dam to avoid viral contamination from the mouth and saliva, and
a high-volume saliva ejector/volume suction or a vacuum system close
to the treated site should be employed. For the clinical applications of
low-level lasers i.e., photobiomodulation, the handpieces of the devices
should be protected through the application of transparent removable
plastic films like PVC to avoid any contact with the skin, mucosa and
oral fluids. According to Rodrigues et al. [203] PVC plastic film is the
most suitable for this purpose and it could cause minor changes in the
power output. In addition, it is an easily accessible material that is able
to prevent cross-contamination.

Special care should also be provided to the disinfection of the light-
based devices before and after their clinical use.

6. Conclusions

SARS-CoV-2 outbreak has forcibly changed the dental practice and
biosafety measures due to the high exposure risk of infection by oral
healthcare practitioners. Aerosol-generating procedures are commonly
employed in dental practice and may be an important route for virus
transmission and spread. In this context, light-based approaches have
claimed to reduce the microorganism load, to decontaminate surfaces,
air, tissues, and the generation of aerosol and virus spreading. At the
same time, the Biophotonics approaches majorly represent minimally
invasive, time-saving, and alternative techniques that can help oral
healthcare practitioners to combat or avoid infection by SARS-CoV-2
and to provide safe care for patients.
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