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INTRODUCTION 
Laser-assisted dentistry (LD), often shortened as laser 

dentistry, is a current opportunity to provide a wide range of 
oral and dental healthcare using different lasers (Diode, NdYag, 
Er:Yag, Argon and Erbium) [1–9]. The acronym “laser” stands 
for “light amplification by stimulated emission of radiation”. 
The laser produces a very narrow beam of electromagnetic 
radiation (light) that is monochromatic, collimated, and 

coherent and has been exploited for some innovative healthcare 
and dental technologies. Laser-tissue interaction may occur 
mainly by a process termed photothermolysis because of a 
direct and irreversible change in the tissues (by primarily 
protein denaturation) or by a non-ablative process termed 
photobiomodulation (by predominately stimulatory and 
biochemically mediated change).

The reported benefits of LD are less bleeding, less 
invasive, more precise, less painful, better healing, efficient 
appointments, and wow effect [1]. Other advantages of 
LD care have been reported: reduced inflammation, better 
tissue preservation, reduced need for anesthesia, minimized 
discomfort and postoperative care and complications, no effect 
on microbial drug resistance, faster healing time by minimizing 
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ABSTRACT
The rapidly expanding use of laser-assisted care in dentistry requires exploring all aspects of safety. The acronym 
laser stands for “light amplification by stimulated emission of radiation”. The laser produces a very narrow beam 
of electromagnetic radiation (light) and has been exploited for some innovative dental care technologies. So far, 
regulatory framework and laser safety issues mainly concern the prevention of some tissue damages (eye, non-
target oral tissue, and non-target skin), and laser hazards (chemical, fire, and electric shock), but minimal on cross-
infection prevention and control. Concerning infection prevention, it is important to remember that the outlook for 
infectious risk is alarming, dental patients are potentially infectious, and as with any other innovative oral-dental 
health technology, laser-assisted dentistry cannot claim to be free of healthcare-associated infections. The narrative 
review focuses on cross-infection prevention of laser-assisted dental care and includes 158 references. The search 
was adopted using some essential keywords from documents in databases (PubMed, Scopus) from 2010 to 2023. 
This study focuses on 10 important areas in results and discussion: a) international guidelines and recommendations; 
b) pre-procedural mouthwash before LD; c) indoor air quality during laser dentistry and recommendations for indoor 
air quality in dentistry; d) use of personal protective equipment; e) hand hygiene; g) reconditioning of laser safety 
eyewear; f) standards for the reconditioning of laser accessories; g) clinical contact surface disinfection and the use 
of transparent barriers; h) limitations; and i) perspectives. To ensure safety and cross-infection prevention, the study 
highlights the need for sound research and updated international guidelines, and better information for users with 
detailed recommendations for dental practitioners.
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trauma to surrounding tissues, versatility across a wide range 
of dental procedures, time-saving potential, and lower air 
contamination [2,5], compared to conventional dental care 
[10,11]. Until now, these advantages are sometimes supported 
by weak clinical efficacy [12–16], cost/benefit analysis [13,17–
19], controversial information on molecular, cellular, and tissue 
mechanisms of action [1,8,20,21], and unclear duration of 
clinical effects [22].

Our group has been working on infection control and 
prevention (ICP) measures for years to reduce the possibility 
that infection can be transmitted from person to person or 
from hands or inanimate objects within dental environments, 
also known as cross-infections. Our particular attention is 
focused on the prevention of the transmission of infectious 
agents during the use of innovative dental technologies (CAD/
CAM, laser, and surgery) or during infectious outbreaks in 
Italy (respiratory infections, Legionella, Mpox virus, infections 
caused by mosquitoes, and antibiotic-resistant infections) with 
possible repercussions for dentistry.

Concerning ICP in dentistry, LD reduces the source of 
infections. LD decreases the chance of bacterial infection in the 
gingival crevices, when used as a supplement of conventional 
periodontal care [1]. In particular, the Nd:YAG laser is mainly 
used for the disinfection of soft tissues, dental implants, and 
root canals, Nevertheless, other care with LD reveals some 
drawbacks during infection control. First, minimal benefit 
was found for the adjunctive use of laser and antimicrobial 
photodynamic therapy (aPDT) when compared to LD alone 
[21]. In addition, few data exists on the comparison between 
the efficacy of laser-associated care and aPDT and antibacterial 
agents, systemic antibiotics, probiotics, and a desiccant agent 
[21] and on the comparison with other activated irrigation in 
endodontics [22]. Finally, even if skin resurfacing procedures 
are considered safe, the infection has been reported for ablative 
and not ablative laser procedures, respectively, in 10% and 3% of 
adverse events reported from 1999 to 2013 [23], and infections 
(3.9%) are the main non-cosmetic complications during skin 
resurfacing procedures [24]. Herpes simplex virus reactivation, 
particularly after resurfacing of the perioral skin, and some 
common pathogens (Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli, and Candida) are responsible for 
post-treatment infections [25].

Despite the reported problems in brief on the safety 
and efficacy of LD, however, saving time, keeping pain levels 
low, and better healing time are important to sustain the urgent 
call for action for better global oral health stated by World 
Health Organisation (WHO) [26]. All in all, LD will be used 
increasingly. Today, an estimated 6% of general dentists have 
a laser for soft tissue applications. The market for dental lasers 
is expected to grow rapidly during the forecast period with a 
CAGR of 5.4% (2018–2028) to 9.44% (2022–2029) [27,28]. 
Then, the rapidly expanding use of LD requires exploring all 
aspects of laser safety. The occupational hazards associated 
with dental and medical laser applications remain poorly 
understood and uncharacterized, although 52% of injuries or 
deaths occurred in medical facilities [1]. Until now, concerning 
medical laser use, laser safety issues have mainly been related 
to the prevention of main tissue damage (eye, non-target oral 

tissue, and non-target skin) caused by laser beam, fire, and 
electric shock injuries, stated by the Regulatory framework [1], 
but minimal issues are on IPC.

This narrative review focuses on the ICP of laser-
assisted dental care and includes 158 references. The search 
was adopted using some essential keywords from documents in 
databases (PubMed, Scopus) from 2010 to 2023 and the search 
strategy was reported in detail in the section “MATERIALS AND 
METHODS”. Concerning IPC, it is important to remember that 
the outlook for infectious risk is alarming (see section “better 
IFU and research priorities”), all dental patients are potentially 
infectious, and as with any other innovative oral-dental health 
technology, LD cannot claim to be free of healthcare-associated 
infections [7,8,29–32]. In general, limited data on adverse 
events and cross infections [33] have been reported for several 
reasons [34] in dentistry and, this fact is expected for newer 
technologies, such as lasers.

In terms of our aim, it is important to remember 
the definition of IPC as a scientific approach and practical 
solution designed to prevent harm from infection to patients 
and healthcare workers, following standard and transmission-
based precautions [32,33,35]. The standard infection control 
precautions are the same for all dental technologies, but 
introducing new technologies, materials, equipment, and 
updated data requires continuous evaluation of current chemical 
and ICP and ongoing education of the oral health care team.

Recently, the Centers for Disease Control (CDC) 
stated that “adherence to infection prevention and control 
practices is essential to providing safe and high-quality patient 
care across all settings where healthcare is delivered” [30]. 
In addition to this, the recent global strategy on ICP indicated 
“high-quality services and care, and thus clean and safe care is 
a fundamental component of the right to health” and that “by 
2030, everyone accessing or providing health care is safe from 
associated infections” [29]. Transmission of infectious agents 
among patients and dental health care personnel (DHCP) in 
dental settings has been documented rarely from 2003 to 2015 
[33], but after 2015 not so rarely in outpatient dental settings 
(see epidemiological data on blood donors on HBV and HCV 
and outbreaks caused by Enterococcus, and Mycobacterium 
non-tuberculosis; antimicrobial resistant infections).

First, our review summarized the main features of 
different lasers important for ICP and the known advantages 
of ICP using LD (section “The main features of different lasers 
important for ICP and Current advantages in ICP using laser-
assisted dentistry”). Concerning ICP during LD, the main 
precautions are the use of proper personal protective equipment 
(PPE), coaxial water spray, and high-flow suction systems 
(HVE evacuator) close to the surgical/application site during 
LD [1,10,32].

Then, the review focused on the updated evidence 
on ICP, including recent data on aerosol contamination with 
particulate matter (PM), which worsens indoor air quality, and 
important issues on reconditioning of laser fibers, tips, and 
accessories (such as safety goggles) [2,5,8,36].

Data on laser features and LD advantages are reported 
in sections “The main features of different lasers important 
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for ICP and Current advantages in ICP using laser-assisted 
dentistry”.

Data on ICP using LD are reported and discussed in 
section “RESULTS AND DISCUSSION” and concern nine 
main areas:
•	 International guidelines and recommendations
•	 Preprocedural mouthwash before LD
•	 Indoor air quality during laser dentistry
•	 Use of PPE
•	 Hand hygiene
•	 Reconditioning of laser safety eyewear (LSE)
•	 Standards for the reconditioning of laser accessories
•	 �Environmental IPC: from the clinical contact surface 

disinfection to the use of transparent barriers
•	 Limitations
•	 Perspectives.
•	 In addition, there are some subsections:
•	 Recommendations for indoor air quality in dentistry
•	 Clinical contact surface disinfection
•	 The use of transparent barriers
•	 �Selection criteria for disinfectant for contact surfaces in 

dental clinics
•	 Better information for users (IFU) and Research priorities
•	 Infectious risk in dentistry a look to the future
•	 Airborne transmission of pathogens.

MATERIALS AND METHODS

Focused question
Is an extended recommendation for ICP required for 

laser-assisted care in the dental setting?

Search strategy
The PICO model (Table 1) (Population, Intervention, 

Comparison, and Outcome) was used to conduct this review, 
through a literature search of the PubMed (MEDLINE) and 
Scopus electronic databases, based on the following three 
aspects: population, concept, and context.

The key indexing terms used, connected with Boolean 
operators OR, AND, were “patient safety”, “infection control”, 
“cross-infection”, “laser”, “endodontics”, “sterilization”, 
“reconditioning”, “critical items”, “semicritical items”, 
“hand hygiene”, “dental unit water line”, “sharps safety”, 
“PPE”, “disinfection”, “surgical smoke”, “plumes”, “indoor 
air”, “guidelines”, “cross-infection”, “needle-stick injuries”, 
“LSE”, “laser dentistry”, “aerosol”, “information from users”, 
“recommendation”, “safety”, and dental-care associated 
infections. Following this, bibliographic material from the 
papers was used to find other or older appropriate sources. Only 
some references do not have a DOI or PubMed classification, 
but the available Internet link and the date accessed have been 
added. Most of these last references belong to guidelines or IFU 
from producers.

Inclusion and exclusion criteria
The following inclusion criteria guided our analysis: 

(I) documents containing recommendations related to ICP in 
dental and healthcare settings: regulatory framework, guidelines, 

IFU, expert opinion; (II) study design—observational studies, 
interventional studies; ex-vivo study; (III) dental setting: clinical 
dental wards, simulation; (IV) laser-assisted dental care during 
COVID-19 pandemic. The analysis was limited to studies that 
satisfied the inclusion criteria. References were excluded for 
(I) non-method described; (II) duplications; (III) irrelevant 
data; (IV) content redundancy; (V) irrelevant articles (namely, 
reviews and articles whose more recent versions are available); 
(VI) national laws and rules; and (VII) studies with no freely 
accessible full texts.

Research
This paper is a narrative review regarding the 

recommendations and guidelines for IPC using LD. The 
electronic literature search was conducted via the PubMed 
(MEDLINE) and Google Scholar databases from January 
2010 to December 2023. The data extraction process spanned 
approximately 6 weeks, with the final search conducted on 
30/06/2024. Two independent, blind reviewers (L.B. and A.B.) 
conducted the search, and any disagreements or discrepancies 
were resolved through consensus or consultation with three 
additional reviewers (A.S., M.P., and F.S.). All titles and 
abstracts from the initial search were thoroughly reviewed, 
and studies that were not relevant were excluded. Relevant 
articles were listed and carefully examined for any similar 
studies meeting our inclusion criteria. The full texts of the 
included studies were thoroughly read, and their findings were 
documented.

RESULTS AND DISCUSSION
During the document search, the underestimation 

of ICP for LD became obvious, probably because LD is 
an unconsolidated and emerging technology, with non-
homogeneous clinical procedures. We did not find any 
Cochrane reviews and protocols on 142 documents on 
Laser dentistry in the Cochrane Library (from 2017 up 
to 13/06/2024) (Supplementary Table 1). To make the 
difficulties of our research clearer, we checked the references 
of Chapter 5, of a recently published textbook, the most 
popular among dentists [1] (Supplementary Table 2). It 
contains 54 references, most (90%) were published within 
2015, and only 3.7% between 2016 and 2022. Therefore, 
the need to include some references older than 1 year in our 
review was also foreseen.

Table 1. This table outlines the PICO model followed.

1. �People/problem: dental patients and DHCP/dental acquired infections 
currently called cross-infections

2. �Intervention/exposure: laser-assisted care

3. �Comparison/control: standard precautions/basic infection prevention and 
control strategies that apply to everyone, regardless of their perceived 
or confirmed infectious status. Strategies include hand hygiene, PPE, 
cleaning, dental instrument reconditioning, handling and disposal of 
sharps, contact, droplet and airborne precautions.

4. �Outcomes: challenges and perspectives of laser-associated dental care for 
ICP
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The main features of different lasers important for ICP
Laser wavelengths commonly available for use in 

dentistry are in the range visible of visible wavelengths (“Blue” 
InGaN 445 nm; “Green” GaN” KTP2 532 nm; “Red” GaAs 
632/655 nm; InGaAIP 680 nm; GaA/As 810,830,970,980,1064 
nm and InGaAsP 940 nm), Near Infrared (Nd:Yag 1064 nm and 
Nd:YAP 1340 nm); Mild Infrared (Er,Cr:YSGG 2780 nm and 
Er:YAG 2940 nm); Far Infrared (CO2 9300,9600,10600 nm) 
[1].

Briefly, from a strictly practical point of view, the main 
types within the laser family can be divided into three large 
groups: solid-state lasers (Nd: YAG, Er: YAG, ErCr: YSGG), 
gaseous-state lasers (CO2) and semiconductor lasers (diode 
lasers). Laser applications vary: some of them can be used for 
soft and hard tissues (Er: YAG, ErCr: YSGG), while others 
act only on soft tissues (CO2 and diode lasers). The Nd:YAG 
laser is mainly used for the disinfection of soft tissues, dental 
implants, and root canals, while its use for cutting hard tissues 
or treating caries remains controversial, because of the potential 
damage caused by the strong photo-thermal reaction [1]. Taking 
into account specifically ICP, briefly, we must consider that 
the laser features, in terms of power density (irradiance) and 
exposure time, range from different ablative applications (power 
density: 1–1012 W/sq cm; time 10-9-1 seconds) to sub-ablative 
applications (photochemical and photobiomodulation (PBM) 
effects; Power density: 1 W/sq cm; time 10-9-103 seconds) [1]. 
They produced different air contamination through different 

amounts of aerosol and laser plume (LP) [1,2,6]. Then, lasers 
have been divided into two groups:

1.	�Non-aerosol producing (neodymium-doped yttrium 
aluminum garnet [Nd:YAG] during soft tissues cares, CO2 
–10.3 nm, diodes);

2.	�Aerosol-producing laser (erbium, chromium: yttrium, 
scandium, gallium garnet [Er,Cr:YSGG]; Erbiumdoped 
yttrium aluminum garnet [Er:YAG]; CO2 –9.3 nm).

In addition, we should consider that the light energy 
from a laser can have four different interactions (reflection, 
transmission, scattering, and absorption) with the target tissue, 
and these interactions will depend on the optical properties 
(in terms of type and amount of chromophores (hemoglobin, 
melanin, water, collagen, enamel, and protein) contained in oral 
and dental tissues and the photonic wavelength, power density 
(irradiance) of the beam and exposure time. The thermal effect 
of laser energy on tissue primarily revolves around the water 
content of tissue and the temperature rise of the tissue [1]. The 
observed effects are:
•	 Hyperthermia and bacterial inactivation (37°C–50°C)
•	 Coagulation and protein denaturation (>60°C)
•	 Welding (70°C–80°C)
•	 Vaporization (100°C–150°C)
•	 Carbonization (>200°C).

Finally, we cannot rule out the hazard because of 
microbial and blood contamination by hand touching and air 
contamination on the laser cart and all the external parts of 
the laser device, including the laser delivery systems (flexible 

Supplementary Table 1. Documents on laser dentistry in cochrane library.com/search (accessed on 13/06/2024).

Year All documents Cochrane 
reviews

Cochrane 
protocols Trials Randomized trials (published 

data by randomized trials) Editorials Special 
collection

2017–2019 58 0 0 58 9 0 0

2020 17 0 0 17 4 0 0

2021 17 0 0 17 3 0 0

2022 19 0 0 19 3 0 0

2023 22 0 0 22 3 0 0

2024 9 0 0 9 3 0 0

2017–2024 142 0 0 142 25 0 0

Focusing on ICP, we report the research on chapter 5 found in the textbook [1]. Chapter 5 [“Laser safety in dentistry” (pp. 97-125)] contains 54 references, most of 
which were published before 2015 (see details in the table below).

Supplementary Table 2. Publication date range of the references reported in Chapter 5 entitled “Laser safety in dentistry” by Penny J. Parker 
and Steven P. A. Parker 2023, 2nd Ed. (pp. 97–125).

Interval of publication (years) Number of publication in chapter 5 %

<2000 17 31

2000–2004 9 16.6

2005–2010 11 20.4

2011–2015 12 22.2

2016–2020 2 3.7

2021–2024 0 0

Not reported 3 5.5
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fiber-optic systems, more rigid fiber glass, semiflexible hollow 
waveguides, or the articulated arm), the buttons (light button, 
indicator, and power/select button) on the cordless dental laser 
pen, the touch screen for the user control panel.

Current advantages in ICP using laser-assisted dentistry
The advantages on ICP using LD are shown in Table 2 

[1–7,18,20–22,24,26,33,37–47].
Little is known about the incidence of bacteremia 

after LD [40]. In a case-control study on 22 patients, 68% had 
detectable bacteremia after ultrasonic scaling (US) alone, while 
36% had detectable bacteremia following laser care plus US 
[48]. Despite the reduction of the incidence of odontogenic 
bacteremia, Streptococcus mitis, Streptococcus salivarius, and 
Streptococcus sanguis were frequently recovered from the 

bloodstream other than to Haemofhilus spp., Fusobacterium 
spp., Capnocytophaga spp., Bacterioides spp., and Prevotella 
melaninogenica. Nowadays, studies by MALDI-TOF mass 
spectrometry are needed to reveal bacteremia after LD. It is well 
known that some bacteria, entering the circulation, can produce 
a heart valve infection in susceptible individuals [49] and 
bacteremia follows different oral procedures [50]. In addition, 
we need data to sustain evidence-based recommendations for 
the use of antibiotic prophylaxis before invasive LD to prevent 
infective endocarditis [49].

Important areas for improving ICP using LD
In line with the recent WHO, CDC and Dental Safety 

Association (https://www.myads.org/) focus on ICP and the 
need to improve safety in dentistry, we have identified nine 

Table 2. Main advantages of ICP using LD for dental patients and DHCP [1–7,18,20–22,24,26].

Advantages for dental patients Advantages for DHCP

Lack of, or limited tissue contact and high temperature during laser/tissue 
interaction should reduce wound/tissue infection [1 (see Chapter 1, sections 3.7, 
8.13, 9.5, 9.11, page 48 within the ref.)].

Needlesticks and other sharp injuries are a serious problem, largely 
underestimated in DHCP and students [37–39]. LD should reduce 
this hazard by lowering/avoiding the use of conventional sharp dental 
instruments (mainly needle, scaler, curette, and bur). However, there are no 
data on the needle-stick injury with fine quartz optic fiber cables.

Vascular soft tissue coagulation dependent on the wavelength of the laser used and 
concentration of chromophores (hemoglobin, protein) specific to that wavelength, 
approximately at temperature 60°C–65°C [1 (see chapter 1,3 and figs. 3.4, 3.5, 
3.8 within the ref.)]. This should reduce or eliminate bleeding and the chance of 
blood-borne infections spreading.

The frequency of occupational damage (percutaneous damage, burns to the 
skin of the hands) by laser fibers is unknown, but tissue damage hazards 
could be prevented by the presence of the essential and authorized worker 
(often the dental hygienist) in the laser safety zone. This recommendation is 
present in some occupational guidelines and regulatory framework.

Laser-assisted surgical procedures on soft and hard tissue are less physically 
injurious when compared to both scalpel and rotary bur. Soft tissue healing is by 
secondary intention because of it is impossible to oppose the cut tissue edges to 
their original alignment. However, the lack of post-incisional contamination by 
bacteria is due to a through the protective layer of coagulum of plasma and blood 
products and the possible sterility of the cut surface [1 (see Chapter 1 within the 
ref.), 40]. Dentist working within the oral cavity, especially with mid and far-
infrared wavelengths and shorter wavelengths operating at high power, should be 
careful to non-intentional/function-related movements of structural components 
and to avoid encroaching beyond the target tissue, thus lowering the possibility 
of collateral damage (i.e. on the vermilion border of the lips) [1 (see section 5.4.5 
within the ref.)].

Dentists and dental hygienists are at risk of noise-induced hearing loss. LD 
should reduce occupational noise exposure in the dental office and prevent 
noise-induced hearing by reducing the use of dental hand pieces, and 
ultrasonic scaler [41].

LD should require less frequent patient presence in a dental office, thus reducing 
the possibility of cross-infection.

Hand and wrist complaints among dentists and dental hygienists are 
well documented [42,43]. We think rational that LD use should prevent 
musculoskeletal disorders by using much more comfortable medical 
devices. In fact, handheld laser equipment, including laser fiber, pen, and 
tip, is without mechanical vibrations. They are frequently much lighter and 
more ergonomic than a curette [44] and, dynamic dental device attached to 
a water/airline, through the quick coupling.

Less water use during LD compared conventional AGPs should reduce the chances 
of waterborne infections and DUWL water aerosol contamination [1 (see Chapter 
4, pages 80–81 within the ref.),33].

Because LDs use less air pressure (74%) and less water flow (67%–83%) 
as a cooling mechanism, compared to drills, they produce substantially 
less aerosols and droplets compared to high-speed dental handpieces and 
ultrasonic devices [2,4,45].

Low environmental contamination was considered an advantage during outbreaks 
of common respiratory viral diseases, including COVID-19, flu, and RSV, and in 
general, to prevent the transmission or airborne infections

[2–7].

In relation to the occupational hazard of dental nurses, the use of LD use 
should reduce the use of sharp items, and then the percutaneous injury 
(PI) in the instrument cleaning area. Currently, PI (11.7%–66%) are of 
relevance, even during the downward trend in incidents over the years 
[46,47]. NSI occurred in the central sterile room at 1.3 NSI/year and in the 
outpatient clinic at 6.8 NSI/year [39]. However, there are no data on the 
needle-stick injury with fine quartz optic fiber cables.
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important areas and discussed the relative weaknesses of ICP 
using LD [1,2,8,16,30,31,35]. However, we believe that the 
stress of dental services and DHCP during the COVID-19 
pandemic and many commercial interests have limited the 
studies, even if required by the EU Medical Device Regulation 
2017/745, and the recommendations on ICP for LD.

International guidelines and recommendations
Guidelines relating to lasers mainly provide 

international standards for electrical, electronic, hazard 
prevention, and biosafety to avoid some tissue damage (eye, 
non-target oral tissue, and non-target skin). Recommendations 
are limited or generic when it comes to IPC [1,2,10,51] or are 
dated [32,51] and are mainly related to reducing aerosol by LD. 
Two recent documents focused on the ICP benefits of using 
various laser treatments in daily practice during the COVID-19 
pandemic [2,52], and biosafety recommendations related to the 
type of laser are limited [3]. Knowledge of device functions and 
the choice of appropriate parameters are important to reduce 
aerosol and LP formation, as well as the selection of the proper 
precautions. It is important to choose optimal laser parameters 
that allow for both concomitant clinical effects and adequate 
cooling (~8–24 ml/minute), limited aerosol production, and 
microbial spread by reducing airflow and water spray [1,2,6]. 
However, the choice is difficult without detailed information 
for users (IFU) from producers, more interested in clinical 
efficacy. Concerning health settings, occupational hazards of 
DHCP caused by surgical LP and indoor air components are 
an increasing area of interest for international boards involved 
in ICP [10,51–55] and the CDC’s latest recommendation 
underscores the need to optimize the use of engineering controls 
for appropriate indoor air quality [56]. A recent review on the use 
of lasers in prosthodontics reported that aseptic techniques with 
strict adherence to the infection control protocols are necessary 
and it is crucial to prevent any potential cross-contamination or 
infections [11]. This includes proper sterilization of laser tips 
or handpieces or any instruments coming in contact during all 
procedures. Unfortunately, no details have been reported. It is 
essential that up-to-date guidance on key issues is available, in 
line with the regulatory framework and improved IFUs from 
manufacturers and, issued by statutory professional bodies. The 
laser safety manager and cross-infection control coordinator 
must work together and have a duty to ensure the safety of 
patients and the dental team concerning specific dental settings 
and the classification, type, and use of the laser. The issue of 
quality (clear guidance), transparency, and review of IFU is 
emerging [57]. 84% of cross-infection prevention coordinators 
have had to contact a manufacturer for clarification on the 
correct cleaning, disinfection, or sterilization of a product 
and 8% of them have taken the additional step of contacting 
the Food and Drug Administration for clarifications on the 
Instructions for Use.

Pre-procedural mouthwash before LD
Data have shown that pre-procedural mouthwashes 

containing antiseptic agents can help to partially reduce 
the bacterial or viral burden in the oral cavity or dental 
aerosols [58]. However, evidence-based efficacy of pre-

procedural mouthwash to prevent SARS-CoV-2 and other 
virus transmission still is lacking [59,60]. The choice of pre-
procedural mouthwash for LD deserves some attention. The 
high temperatures that can occur when using Class IV and 
certain Class IIIB lasers can themselves cause or contribute 
to the ignition of flammable dental materials [ethanol (flash 
point = 14°C), isopropanol (flash point = 11.7°C)] and gases 
[1]. In the absence of a recommendation, we agree with the 
indication of precaution described as “No-alcohol based liquids 
to be used in preparatory or laser-based treatments” to a low-
risk assessment [1]. We think that it would be better to use 
alcohol-free mouthwash [Chlorhexidine digluconate (CHX): 
0.05% plus Cetylpyridiniumchloride: 0.05%] or ensure that 
all oral areas treated with alcoholic mouthwash are completely 
dry before starting the procedure. This precaution is important 
because many CHX-based mouth rinses contain 11.6% up to 
22.7% alcohol and povidone-iodine-based mouthwash contains 
30.5% alcohol (w/v) and ethanol has a flash point of 14°C. In 
addition, studies are needed on the degradation of CHX by 
different laser light, increased temperature, and in the presence 
of other endodontic irrigants to toxic compounds (mainly 
p-chloroaniline, p-chlorophenylurea, and so on). In particular, 
P-chloroaniline, is considered to be carcinogenic (Hazardous 
Substances Data Bank -HSDB-: a database of the National 
Library of Medicines TOXNET System, 2014).

Indoor air quality during laser dentistry
Indoor air pollution (IAP) is a major cause of diseases 

(asthma, heart disease, stroke, lung cancer, and possibly 
dementia) [61] and the occupational consequences of IAP and 
surgical exposure to LP include irritation of the respiratory 
tract and eyes, headaches, nausea, and muscle weakness [1,62]. 
DHCP spend 30%–40% of their time in dental environments 
and therefore breathe potentially polluted indoor air. Then, 
researchers and policymakers are increasingly interested in the 
air quality of dental care facilities [2,4–8,63–65], in the multi-
factorial causes and pathological consequences (risk of airborne 
diseases) of unclean indoor air, and obviously in preventive 
measures. According to the particle size, PM is classified into:
•	 �coarse particles (particles with aerodynamic equivalent 

diameter less than 10 µm, PM10)
•	 �fine particles (particles with aerodynamic equivalent diameter 

less than 2.5 µm, FPs/PM2.5)
•	 �ultrafine particles [particles with aerodynamic equivalent 

diameter less than 100 nm, ultrafine particles (UFPs)].
It is known that microbial contamination occurs 

mainly during aerosol-generating dental procedures (AGP); 
however, the understanding of the level, spread, and half-life of 
the contamination and the atomization mechanism is still limited 
[63,66–69]. Recently, data showed that air contamination (78%) 
is caused mainly by the cooling water from DUWL contaminated 
with biofilm [70]. In addition to microbial, endotoxin, and 
mycotoxin, the main indoor air contaminants are: PM of 
different dimensions (Ø: nanoparticulate (<1 μm); 1–2.5; 2.5–
5; 5–10 μm), volatile organic compounds (VOC), CO2, SiO2, 
Be, Hg, heavy metals, As, Cd, and Ni [63]. The levels of CO2, 
PM2.5, and VOCtot present in the indoor air of dental offices are 
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higher than in other healthcare settings [71,72]. A recent review 
provides an overview of inhalable PM-induced infectious 
diseases [73]. Interaction between airborne PM and bacteria 
makes humans more susceptible to otherwise harmless bacteria, 
particularly in the upper airways. Pathogenesis induced by PM 
exposure includes damage to airway epithelial cells, alteration 
of the immune response, dysregulation of the microbiota, 
and suppression of the host immune response [73]. Then, 
opportunistic and/or pathogenic bacteria (such as Haemophilus 
influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, 
P. aeruginosa, or Staphylococcus aureus) commonly found in 
dental settings may more easily establish respiratory infections 
and increase occupational risk.

Particulate, bacterial, and fungal aerosol contamination 
in five wards (pediatric, periodontics, prosthetics, restorative, 
and endodontics) of a university dental clinic is very complex 
[74].

Due to clinical benefits for dental practices, LD 
was proposed as a winning strategy during the COVID-19 
pandemic. The contaminated area during Class I cavity 
preparation procedure is reduced by 70% using Er,Cr:YSGG 
laser compared to a high-speed turbine [75]. During caries 
treatment, the laser use reduced aerosol PM by approximately 
50% in the patient area and approximately 10% in the dentist 
area, compared to using a dental turbine; no difference in indoor 
air contamination has been observed in the dental nurse area 
[76]. The number of aerosol particles (PM 0.3–10.0 μm) during 
caries treatment and debonding of the ceramic crown using 
three tested Er:YAG lasers is significantly reduced compared to 
conventional handpieces [5]. When HVE is running, the mean 
level of aerosol particles measured in the manikin’s mouths 
(the worst place for measurements) was 64.1, 55.1, 29.4–30.6 
× 103, respectively, using a high-speed handpiece, a low-speed 
handpiece, and three lasers (Morita, Fotona, and LiteTouch). 
Additionally, using laser plus HVE, aerosol particle reduction 
is approximately about 45% compared to low-speed handpieces 
and 55% compared to high-speed handpieces [5]. When using 
lasers plus a saliva ejector, the reduction is roughly about 45% 
compared to low-speed handpieces, and 55% compared to high-
speed handpieces. Furthermore, in the presence of good office 
air ventilation and HVE functioning, three Er:YAG lasers did 
not generate significant changes in aerosol PM levels during the 
debonding of the orthodontic bracket [5].

However, new data on indoor air contamination by 
LD do raise some doubts about the real advantages of aerosol 
prevention and biosafety [2–4,6–8,36,77,78]. The chemical and 
biological hazards of airborne components generated by lasers 
have been known since the first position paper on laser safety 
in dentistry [53]. It is known that explosive processes produce 
tissue ablation and aerosol formation, while thermal actions that 
create vaporization, produce a smoke plume, containing water 
(95%) and 5% containing blood, particulate, and microbial 
matter [2,6,69]. Nevertheless, the different characteristics of 
dental lasers (section “The main features of different lasers 
important for ICP”) influence AGP or smoke plume, and the 
lack of standard irradiation parameters in clinical applications 
make very difficult the comparisons between studies. Despite 
the limited available knowledge, we selected some interesting 

data in the case of different laser care (endodontic therapy, 
conventional dental procedures, and surgical care):

a.	�Lasers are considered a valuable adjunct treatment in 
endodontic therapy [1,79,80]. Unfortunately, the evaluation 
of aerosols during root canal irrigation with all lasers tested 
showed insignificant differences compared to endodontic 
needle irrigation alone, and the LP could present the hazard 
of bacterial spread in simulated endodontic care [81,82]. 
Because of their strong water absorption, Er:YAG and Er, 
Cr:YSGG lasers are ideally suited for activating irrigating 
solution in endodontics by warming (5.5°C–7°C as the limit 
of acceptable temperature increases on the root surface) and 
cavitation [1]. Apart from a certain degree of confusion in the 
terminology used in photodynamic disinfection [1] and the 
variety of photothermal disinfection protocols, care should 
be taken to optimize cavitation dynamics, reduce collateral 
thermal effects on the roots, and avoid carbonization [1]. 
Importantly, when a liquid is heated and the kinetic energy 
of molecules increases, there is a reduction in viscosity 
and surface tension, allowing for better fluid flow and 
enhanced contact of irrigant solutions with the root canal 
walls. Unfortunately, this fact could increase the dispersion 
and airborne particulates, which are removed using HVE 
supplemented by auxiliary methods.

b.	�More recently, highly increased levels (+40%) of air 
(UFP, PM0.1) are present during some conventional dental 
procedures (drilling, grinding, root canal filling), but also 
at very high levels during some laser periodontal treatments 
(30.000–250.000 UFP counts/cm3) in multi-chair dental 
clinics [78]. Despite the high variability, the mean and peak 
concentration of UFP by laser periodontal treatments is 
double that of those caused by US and like that by classical 
endodontic filling [78]. In this case, the efficacy of HVE 
might not be enough [78]. During some laser periodontal 
treatments, UFP contamination is like those caused by 
drilling, grinding, and root canal filling. Recently, Karvely 
investigated the levels of PM10 and PM2.5 in indoor air during 
the use of the laser (Er:YAG, 2,940 nm) for the preparation 
of cavities in human teeth under conditions of insufficient or 
absent ventilation [36]. During cavity preparation, levels of 
PM10 and PM2.5 are 10–15 times higher than contamination in 
the absence of dental activity. VOC, PM10, and PM2.5 levels 
are higher than what is deemed safe.

c.	�The risk of LP hazards is expected during the use of all class 
IV lasers (surgical lasers) and in dental caries management 
[1]. For example, during Er:YAG laser use, any dentist 
has perceived the odor that spreads into the surrounding 
environment. The biological tissues vaporize at 100°C–200°C 
and the smoke is formed in the shape of a plume. 77% of the 
particles in the surgical smoke produced by lasers have a Ø 
< 1.1 μm with an average of 0.07 μm, which falls within the 
inhalable PM range [77]. The diameter of visible PM is at least 
20 μm. Surgical LP (Ø 0.1–5 μm) can spread bacteria viruses, 
VOC (carbon monoxide, hydrogen cyanide, formaldehyde, 
benzene, and acrolein), and cancer cells [1,2–4,7,8,53–55,82]. 
A recent literature review identifies the potential hazards of 
surgical smoke in dentistry [82]. However, electrosurgical 
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smoke seemed to be potentially more hazardous than laser 
smoke [82]. Although there is no evidence of lasers used 
in dental operating rooms, E. coli, Staphylococcus aureus, 
HPV, HIV, and HBV have been detected in surgical LP 
produced by simulated experiments, dermatology, and 
otolaryngology [6,53,68,81]. During the treatment of oral 
HPV-related lesions, DHCP must consider that the surgical 
LP is infectious due to its possible contamination with HPV-
DNA [83]. VOC are also present when using low-power CO2 
and Nd:YAG lasers [84]. DHCP should always remember 
that acrylonitrile hydrogen cyanide and many other VOCs 
are TOXIC, VOLATILE, and ODORLESS. Even if there are 
limited data on laser-generated air contaminants, including 
VOCs, in dental settings, it is expected the exposure and then 
both acute and chronic health effects in DHCW [1,85]. The 
detailed health effects of chemicals in surgical smoke and 
their exposure limits have been reported [82].

Recommendations for indoor air quality in dentistry
Waiting for better data on airborne contamination 

during LD to sustain evidence-based recommendations, the 
precautionary principle should be applied. Then, contaminated 
airborne hazards during LD, must be limited by using different 
procedures (HVAC, ventilation, evacuation (HVE as close as 
1 cm from the target site), extraoral evacuation, and portable 
air purification system). The evidence is rather cloudy on their 
different efficacy when it comes to the control of dental indoor 
air when used alone or concurrently, and, above all, during LD 
[86–96]. It is well known that the evacuation system is designed 
to remove fluids, air/gas, and particulates with different efficacy. 
The following data are then expected. Evacuation systems 
should remove particles as small as 0.3 μm with at least 80% 
efficiency. However, during carbon dioxide laser surgery and 
using the HVE at 2 cm, the evacuation ratio decreases by 50% 

[85]. Then, it is uncertain whether it is effective to stay far away 
from 4 cm to remove the LP, based on old evidence [1].

More recent data on HVE efficacy are not reassuring: 
a) PM1 removal is null at 30 cm, b) PM>0.5, and PM10 removal 
is approximately 35% using HVE at 8,5 LPM [97,98]. The 
efficacy in reducing PM (PMtot 0.3–10.0 μm) depends on the 
type of saliva ejector type (intra vs. extraoral), its shape and 
diameter, and the distance from the source of contamination 
[76].

The main strategies (patient placement position; 
the position of air purification system) to prevent the spread 
of pathogens are shown in the section “dental facilities” of 
the latest recommendations [30,56], in addition to the ANSI/
ASHRAE/ASHE Standard 170–2021 guidance on ensuring 
that ventilation systems operate properly, and other options to 
improve indoor air quality [97]. Concerning indoor air quality, 
the recommended levels of CO2, PM2.5, and VOC are < 800 
ppm, 5 µg/m3, and <150 ppm, respectively [71,72]. For general 
dentistry, the current recommendation for ventilation, in terms 
of air changes per hour (ACH), is at least 6 for dental rooms, 
and 15 during the AGP [98]. The operation of ventilation and 
portable air purifiers is recommended up to 2 hours after the end 
of dental work. We also would like to briefly focus on indoor air 
quality monitoring systems [99], generally called sensors, which 
we are evaluating in our dental practices to control indoor air 
quality by CO2, VOC, and PM levels [76,100,101] and to check 
if the mitigation strategies (HVAC system, HVE use, ventilation, 
portable HEPA air purification systems, patient orientation) are 
working properly [102,103]. In addition to engineering control, 
they are useful for controlling the maintenance costs associated 
with HEPA filters on air filtration units. Three sensors are 
shown. They have reasonable costs (350–1000 €), but different 
parameters, range of use, and the check of specific VOC, partly 
suitable for LP detection (Table 3) [104–106]. Alternatively, 
airborne microbiological testing (by culture-based methods 

Table 3. Examples of sensors for indoor air quality and use in private dental settings [76,100,101].

Indoor air quality monitoring systems (sensors) Parameters and range of use for indoor air quality

AQ SENSOR PROFESSIONAL [104]

PM1; PM2.5; PM10:0–2,000 μg/m3 ± 10%

CO2:400–5,000 ppm

TVOC:0–65,000 ppb ± 12% (resolution 1 ppb)

Temperature: −40°C to +125°C ± 0.5°C (resolution 0.02°C)

Relative humidity:0%–100% RH ± 1.8% (resolution 0.01°C)

AirVisual Pro [105]

PM2.5 (Fine Dust): 0–1,000 μg/m3± 10%

CO2:400–10,000 ppm 
Temperature: −40°C to +90°C  
Relative humidity:0%–100% RH ±1%

Particle sensor PC220 [106]

PM0.3; PM0.5; PM1; PM2.5; PM5; PM10:0–2,000 μg/m3 (resolution 1 μg/m3)

Detects size fractions and concentrations of air particles

Formaldehyde: 0.01–5 ppm ± 5%

Carbonmonoxide:10–1,000 ppm ± 5% (resolution 1 ppm)

Temperature:0°C–50°C ± 0.5%–0.9% 
Relative humidity:0%–100% RH ±3.5%–5%

Online F
irst



	 Barenghi et al. / Journal of Applied Pharmaceutical Science XX (X); 2024: 001-021	 009

and MALDI-TOF MS) can be used [107]. These procedures 
are time-consuming, tedious, and more expensive for private 
dental practices, and the relationship between airborne bacteria 
and PM is unclear [108]. Wells–Riley equation has been used 
extensively to quantify the risk of indoor airborne infection, and 
the average indoor CO2 concentration should be kept below 700 
ppm to control the risk of indoor airborne infection [109]. To 
delve deeper into the topic, we recommend the sections “better 
IFU and research priorities” to readers.

Uses of PPE
PPEs are at the bottom of the hierarchy of defense and 

the last line of defense against IPC for all DHCP; for this reason, 
their quality related to filtration or isolation is determinant. In 
terms of occupational safety, PPE includes disposable clinical 
gloves, disposable well-fitting (tight face-fit) filtering facepiece 
(FFP) respirators, face shields/goggles/protective eyewear, and 
fire-resistant gowns. During LD, the main problem is related 
to the choice of surgical mask and FFP. During the COVID-19 
pandemic, face masks were recommended by most documents 
(94%), with 91% also specifying the use of goggles or face 
shields [110]. Face masks (Type II or Type IIR) represent a 
mitigation strategy to lower airborne disease transmission. The 
use of N95/FFP2, which removes at least 95% of particles as 
small as 0.3 μm, is recommended during AGPs [56,111] and 
surgical procedures, in poorly ventilated areas according to 
NIOSH recommendation [112].

There is ambiguity regarding aerosol-generating 
lasers (erbium, chromium: yttrium, scandium, gallium garnet 
[Er,Cr:YSGG]; erbium-doped yttrium aluminum garnet 
[Er:YAG]; CO2 -9. 3 nm) and AGPs are “non-risk stratified 
for transmission” [113]. Although they are not yet included in 
the dental equipment known to generate aerosols and airborne 
contamination (ultrasonic scaler, high-speed dental handpiece, 
air/water syringe, air polishing, and air abrasion), we consider it 
reasonable that an N95 mask or FFP2 should be used to limit the 
inhalation of contaminated LP, in line with recent data reported 
in the section “Indoor air quality during laser dentistry”.

Fluid-resistant surgical facemask for routine care 
and FFP3 or hood for AGPs is recommended as respiratory 
protection for healthcare workers during the prevention of 24 
suspected or confirmed pathogens showing droplet/airborne 
routes of transmission [114]. The major international and 
national health organizations, including the WHO, the European 
Centre for Disease Prevention and Control, the US CDC 
and Prevention, and Public Health England, have identified 
guidance on the reuse or prolonged use of surgical masks or 
FFP respirators only during the COVID-19 emergency. Surgical 
masks and FFP/N95 respirators are now considered disposable 
medical devices.

However, the effectiveness of these PPEs relies 
heavily on correct usage and a secure fit to the individual’s face. 
A false form of protection is to cover an N95-FFP respirator 
with an overlying face mask [115]. Face shields may reduce 
the inhalation of harmful aerosol particles for a short time, and, 
to a different extent, concerning the dimension of the particles 
[65]. When considering the choice and the use of FFP, we must 
consider that dental lasers have inherent antimicrobial properties 

and are expected to kill viruses or non-sporulating bacteria with 
which the beam comes in contact at temperatures in the range 
of 50°C–60°C [1]. This conclusion does not consider that many 
bacteria grow in oral biofilm and are much more resistant than 
planktonic bacteria. Periodontal pathogens are well known to be 
very resistant, highly adhesive, and biofilm-forming, and little is 
known about their thermostability [116]. Finally, temperatures 
(60°C–100°C), normally used for adjunctive nonsurgical 
periodontal and peri-implant disease laser therapy, do not 
affect the viability of spores [117,118] and unknown effects on 
some hyperthermophile infectious agents, multi-drug-resistant 
(MDR) microorganism, or those having sporulation genes or 
sulfate-reducing metabolism [119]. Then, it is not surprising 
that there is low-level evidence that adjunctive use of diode 
laser for scaling and root planning may provide some additional 
benefit in terms of reduction of red complex bacterial count 
and improvement in clinical periodontal parameters [12–16]. 
So much so that, different nanomaterials have been proposed 
for the photothermal killing of MDR bacteria to increase laser 
clinical efficacy [120].

Taking all from the IPC point of view, we cannot 
be sure that laser-assisted treatments destroy all periodontal 
bacteria and render what is produced without danger of cross-
infection. Then, the choice and the correct use of PPE, in 
particular the adaptation to the face of the surgical face mask, 
FFP2 or FFP3, is important for DHCP during dental care. 
Recently, some researchers pointed out criticalities in the use 
of FFP2 masks related to different professional roles within the 
overall group of HCWs, stressing the need for an FFP2 human-
centered design that accounts not only for physical needs but 
also for workload and task variability [121]. Finally, DCHP 
must be vigilant to avoid buying misrepresented respirators, 
which are all respirators that are falsely marketed and sold as 
NIOSH-approved respirators or have fake CE marks [122].

Hand hygiene
Hand hygiene is the main standard precautions 

[29,30,32,55]. Despite the relevant cost-savings associated 
with hand hygiene, compliance with hand hygiene remains 
low (educators: 63.7%–78.4%; students: 35.1%–45.8%) in 
dental school, and violations are significant, even during the 
COVID-19 pandemic [123,124] and increased attention to limit 
transmission. Unless hands are visibly soiled, an alcohol-based 
hand rub (ABHR; 70%–90% alcohol mixture) is preferred 
to soap and water in most clinical situations due to evidence 
of better compliance compared to soap and water [125,126]. 
Because of fire hazards [1], before LD, DHCP must ensure that 
all alcohol has evaporated and the ABHR bottle is perfectly 
closed and far from the laser beam. An open bottle of ABHR 
causes an early alarm for VOC using an AQ sensor [104].

Reconditioning of LSE
During laser care, LSE is needed for both the patient 

and DHCP [1]. They must have a CE marking, writing 
down compliance with the PPE regulations and the desired 
characteristics for laser beam protection [127]. According to 
PPE Regulation EU 2016/425, manufacturers must specify 
a rated shelf life and operational life for their products. 
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Indicatively, safety glasses can technically last up to 3 years 
if they have not been compromised [128]. This creates added 
costs regarding laser treatments because of the need to replace 
them following IFU. Polycarbonate lenses are the most popular 
type used in LSE. They contain a wavelength-absorbent dye and 
a coating on the surface to limit scratches; scratches can cause 
the beam to burn through the filter material more quickly, thus 
causing ocular damage. The LSE would be reconditioned after 
use avoiding procedures that could cause the filters to crash and 
damage the elasticized band, required to secure the eyewear 
around the head. Some indications for LSE reconditioning are 
present in IFU from different producers, but they are unclear. In 
general, hand washing is allowed only with a gentle household 
cleanser. However, immersion or soaking is forbidden. 
Alternatively, alcohol (about 20% isopropanol) impregnated 
wipes could be used, while bleach is not recommended as it 
can damage the lens [129]. In general, it is advisable to be 
careful when using alcohol-based disinfectants compatible 
with synthetic materials and to follow the IFU. An IFU does 
not allow the use of harsh or acidic cleaners isopropyl alcohol 
or disinfectants [130]. Most LSEs can be adversely affected by 
disinfectant solutions (solutions of 70% alcohol) indicated for 
SARS-CoV-2 inactivation [131]. Products for cleaning and/or 
disinfection with a hydrogen peroxide (pH 2-3) base are never 
considered in IFU. Never use abrasive cloth or paper-based 
textiles and never place LSE in a steam autoclave, even when 
using the “plastic material cycle”. In general, IFU are scarce 
and focus more on material stability than IPC. See the section 
“Clinical contact surface disinfection” for the selection criteria 
for a disinfectant for clinical contact surfaces (as LSE).

Standards for the reconditioning of laser accessories
We agree with those indicated in the “standard 7” 

of recent guidance [52]. Steam sterilization must become 
the standard for the reconditioning of laser accessories 
(fiber, handpieces, and tips) in dentistry. Because improper 
reconditioning can damage equipment and accessories, 
producers must give clear indications in the IFU on cleaning, 
disinfection, and steam sterilization. Recently, some laser 
handpieces, in particular scalpels and laser handpieces, have 
some important features (autoclavable design, improved 
cleanability, reduced porosity of surface, and anodized 
finishing) leading to easier reconditioning phases. Currently, 
available handpieces are designed to meet the requirements for 
sterilization between patients and the ADA recommendations 
[10]. The main weaknesses of ICP in the three main phases of 
reconditioning (cleaning, disinfection, and sterilization) [132–
134] are:

a.	�A clear indication that plastic delivery tips (called mini tips 
or disposable tips) are single-use;

b.	�Cleaning procedures of autoclavable tips and laser handpieces 
(often made of anodized aluminum alloy), with attention 
to the type of detergent/enzymatic cleaning solution with 
a neutral pH and to the limited compatibility with alkaline 
cleaners (normally used in washer-disinfectors);

c.	�Many questions on cleaning procedures of optic fibers. Does 
it clean immediately after use or within a maximum of 1 hour 

after the LD? Does it use enzymatic and/or low-foaming 
detergents? Should aldehyde-based disinfectants be avoided 
to prevent occupational hazards (asthma) and the reduction of 
the light transmission of the laser fiber or its damage [133]?

d.	�According to many IFUs, the laser fiber can be inserted in 
tabletop autoclaves EN 13060 Class B. In general, the cycle 
for thermolabile items is indicated (normally 121°C for 15 
minute). However, the IFUs do not report the maximum 
number of steam cycles that guarantee the main optical and 
mechanical properties of the fibers and the connector. It 
should be noted that so far little data has been reported on 
the possible effects of sterilization on optical fiber properties 
[134]. In a steam autoclave, the fibers are exposed to the 
combination of high temperature and highly concentrated 
water vapor; this may cause cracking of the polymer 
coatings and/or deterioration of the glass cladding surface. 
The strength of the laser fiber also depends on the different 
coatings of the fiber (i.e., double acrylate, polyimide, silicone/
PEEK, and fluoroacrylate/ETFE hard coating). Considering 
the properties of the laser fiber, the average strength of the 
fiber was found to be stable when the fibers were exposed 
to 20 cycles in a gravity autoclave (132°C for 8 minutes) 
[134]. However, multiple autoclaving cycles caused stress 
corrosion cracking of the acrylate fiber and slight changes in 
fiber spectral attenuation for silicone/PEEK and 200/HCS/
ETFE fibers alone [134].

Environmental IPC: from the clinical contact surface disinfection 
to the use of transparent barriers

Clinical contact surface disinfection
DHCPs need to adopt surface disinfection (spray 

disinfectant/wipe/spray disinfectant decontamination method) 
[135] in the cases of:

a.	�Large-diameter erbium fiber-optic cable that is not designed 
for steam sterilization;

b.	�Frequent use of the fiber and handpiece compared to the 
slowness of the reconditioning process;

c.	�Protective housing around the laser, including the control 
panel and articulating arm (if applicable), the dental cart, and 
countertops.

Following IFU, special care must be dedicated to the 
disinfection of laser devices, buttons, and touch screen, and 
their accessories before and after their use, and by selecting the 
appropriate disinfectant [fast active (1–2 minutes contact time), 
a broad spectrum of activities, compatible (containing 20% 
alcohol or less) for plastic, metals, and laser fibers] [135].

The use of transparent barriers
Further precautions must be taken, including the use 

of disposable transparent barriers (food use barriers, medical 
grade barriers, adhesive disposable protective film) for two 
main reasons. First, the aim is to protect the laser tips and avoid 
direct contact with oral tissues during low-level laser PBM; 
alternatively, the tip should be sterilized. Second, to shield 
the dental laser cart and countertop instrument, in particular, 
the switch on/off from environmental contamination and 
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the contaminated glove touch of the clinicians at the end of 
LD. The reduction of laser output power (at red and infrared 
wavelengths) by using two latex-free protective materials 
[polyethylene and polyvinyl chloride (PVC)] has been reported 
by Nogueira Rodrigues et al. [136]. PVC is the most suitable 
for the protection of the tip of low-power lasers (both red and 
infrared wavelengths) because its main absorbance is in the 
range of 200–300 nm, while polyethylene absorbance has peaks 
at 720 nm, about 732 nm, about 1190 nm, and 1,250 nm [136].

Selection criteria for disinfectant for contact surfaces in dental 
clinics

IFU of lasers and its accessories contains limited 
indication about the importance of disinfection efficacy. The 
2003 CDC guideline for dentistry specifies that after each 
patient the clinical contact surfaces (as LSE) must be cleaned 
and disinfected with a certified low-level (against HIV and 
HBV) or medium-level (against TBC) disinfectant when the 
surface is visibly contaminated with blood or other potentially 
infectious materials [32]. The list of the EPA can help DHCP 
with the choice of disinfectants [137]. The EPA (Environmental 
Protection Agency, USA) regulates the claims on disinfectant 
product labels and periodically updates different Lists (indicated 
with S, C, D, E, F, N, Q, and K) for disinfectants. Each is a 
searchable and sortable list of products for use against specific 
infective agents or groups of them. For example, list N contains 
disinfectants for use against SARS-CoV2 and its variants, and 
the recent list S those against HIV, HBV, and HCV.

There are not so many appropriate commercial 
disinfectants (fast active (1-2 minute contact time), with a broad 
spectrum of activities, and compatible with plastic materials 
(containing 20% alcohol or less) [135]. Ensure that all areas 
treated with commonly used disinfectants, and potentially 
flammable liquid preparations are completely dry before 
starting LD. Be careful to use the commonly used disinfectants 
for clinical contact surfaces, because of ethanol and isopropanol 
concentrations are often in the range of 35%–62% and 1%–
35%, respectively [135].

Limitations
The limitations of the present narrative review are the 

limited number of current studies and recommendations and 
the heterogeneity of the data specifically regarding ICP in LD, 
which makes a quantitative assessment of the data by meta-
analysis impractical.

There is still important work to be done on ICP during 
LD in the future. In the dental setting, recommendations, 
guidelines, and legislation concerning standard precautions 
for ICP must be evidence-based or based on international best 
practices. Recommendations, guidelines, and regulations should 
then be developed in consultation with the dental team and 
extended to the laser safety manager and the IPC coordinator 
who are experts in clinical LD and updated on current laser 
technologies and ICP. We need to encourage dental staff to 
speak up and report adverse events, near misses, and technical 
difficulties during the decontamination and sterilization of laser 
parts or accessories. The Dental Patient Safety Foundation is a 
way to report patient safety events (adverse events, near misses, 

or unsafe conditions) safely, voluntarily, and confidentially 
[138]. This is a strategy to know errors and develop evidence-
based recommendations. Regarding ICP during LD, research 
on aerosol generation is minimal [6]. Future research should 
include routine real-time monitoring of LP with appropriate 
sensors, which will provide valuable information to clarify the 
influence of different lasers and the relationship between LP, its 
composition (i.e., in terms of VOC, PM, and CO2), and potential 
toxicity and development of respiratory disease in DHCP. At 
the same time, the chemical toxicity and microbiological hazard 
of LP should be assessed using in vitro cellular studies and a 
lung-on-a-chip model, and finally at the organ level in animal 
models. Data are needed on amalgam melting by LD and the 
possible release of mercury vapor and laser fiber resistance [1].

Perspectives
In the reported sections, we reported the standard 

infection control precautions, the current limitation for 
application during LD, and if known, hazard severity. The 
summary of key and specific recommendations for ICP in LD, 
the rationale, and open questions are shown in Table 4. This 
table is expected to strengthen the operative applicability of 
those reported.

Better IFU and research priorities
As part of sound recommendations or best practices 

against IPC in LD, better, unambiguous IFU and deeper 
knowledge are needed. Recently, the WHO reported global 
research priorities for antimicrobial resistance in human health. 
In panel 5, infection prevention and control shows a high 
research priority score (0.90) [139].

We think that better and more clear IFUs from 
producers, in line with the requirements of the Regulations EU 
2017/745,  are needed for:
•	 �The reconditioning (cleaning-disinfection-sterilization) of 

dental laser components, parts, and accessories;
•	 �Laser fiber and connector stability after steam autoclave 

cycles;
•	 �The reconditioning of LSE and its shelf life and working life 

according to PPE Regulation [93].
For the evidence-based recommendation for ICP, 

research priorities are :
•	 �To clarify the ambiguity of AGP and non-AGP (with and 

without modifying factors) [113] during the use of lasers in 
dentistry;

•	 �To quantify the air and aerosol contamination using different 
types of lasers and different clinical protocols;

•	 �To select evidence-based standard activities for better air 
quality on the components of LP, particularly those caused 
by laser-assisted endodontics, periodontics, and surgery, 
focusing on microorganisms, VOC, and PM contamination;

•	 �To develop air sensors suitable and sensitive enough to 
identify the main VOCs produced by LD;

•	 To verify the efficacy of FFP2 and surgical mask during LD.
Looking to the future, molecular biology tests, sensors 

for indoor air quality in dental settings, and artificial intelligence 
(AI) will be very useful approaches to investigation. AI is 
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Table 4. Summary of key and specific recommendations for ICP that are expected to strengthen its practical applicability, rationale and open 
questions concerning ICP in LD. 

Key and specific 
recommendations for ICP 
during LD

Rationale Need for specific improvements for LD 
to strengthen its practical applicability

Not yet known answers and comments 
on infectious hazards using LD

Follow standard and 
transmission-based 
prevention [10,30,32,33,52]

All dental patients are potentially 
infectious

Some patients (by immune disease, 
diabetes, AMR, cancer therapy etc) are 
highly susceptible to infection.

Need of safe LD for dental patients with 
Long  COVID/PASC.

Written and clear information regarding 
ICP for LD for all sections reported 
below.

Specific needs for laser surgery in highly 
susceptible patients to infections: when 
is antibiotic prophylaxis needed?  

No data on the risk of SARS-CoV-2 
transmission during dental practice 
in patients affected by Long COVID; 
nevertheless, recently SARS-CoV2 has 
been found in many tissues [153]

Do laser inactivate non enveloped virus 
and spore forming infectious agents? 
At what temperature and wavelength 
does this happen in crevicular fluid and 
saliva?

Hand hygiene [32,33] It is the most important measure to 
prevent the spread of infections among 
patients and DHCP

Attention to the use of ABHRs, that 
contains about 60%–80% alcohol to be 
most effective.

HBHR has an excellent antimicrobial 
activity against gram-positive and gram-
negative vegetative bacteria, and good 
antimicrobial activity against enveloped 
viruses.

Keep bottles of ABHR tightly closed in 
the controlled  area.

How long does it take for the alcohol to 
completely evaporate from my hands?

PPE [32,33] Wearable equipment that is designed 
to protect DHCP from exposure to or 
contact with infectious agents.

Glove AQL is important

It is known that the use of ABHRs on 
clinical gloves is to be avoided.

ABHR may penetrate or increase 
pinholes in glove

Increased attention is needed to 
occupational. adverse events.

Puncture-resistant gloves (caused by 
fiber glass) and improved glove design 
for LD tasks are needed, above all 
surgical gloves.

Respiratory hygiene / Cough 
etiquette [32,33]

Respiratory hygiene/cough etiquette 
infection prevention measures are 
designed to limit the transmission of 
respiratory pathogens spread by droplet 
or airborne routes.

The current evidence and the adoption of 
the precautionary principle would favor 
the use of FFP

Use solid face shield or a face shield to 
protect mucous membranes nose, and 
mouth is mandatory during procedures 
likely to generate splashing or spattering; 
the use of face shield should prevent the 
contamination of safety glasses

The rational choice (surgical mask vs. 
FFP or surgical FFP) should be defined 
when it is clear when LD is an AGP and 
the presence of specific PM classes in 
the LP.

Improved face shield design for 
LD tasks, that is adaptation during 
concurrent safety glasses use, is needed

Sharps safety (in particular 
during the use and cleaving 
of laser surgical fiber) [33]

Sharps injuries continue to occur and 
pose the risk of blood-borne pathogen 
transmission to DHCP and patients. 
Nevertheless, most exposures in dentistry 
are preventable.

DHCP should be aware of the risk of 
injury whenever sharps are exposed. 
When using (during cleanup, and during 
disposal) or working with or around 
sharp devices. 

Use proper glove and eye protection.

Regulated medical waste and sharp items 
(e.g., fiber glass, tips) in specific and 
resistant containers according to national 
rules.

Keep the container puncture-resistant in 
the area where the laser is used

Use the appropriate stripper and cutter 
tool to cut fiber glass using safety glasses 
and utility  gloves or finger cots.

Inspect the cut end with 30×, minimum 
magnification

More attention and reporting are needed 
to assess the extent of professional 
adverse events.

Residual glass fragments rarely cut the 
skin of the hand, more often they pierce 
the glove, but a fragment (small, sharp 
and contaminated) in the eye is a hazard.

Laser clinical efficacy in laser surgery 
depends on clean cut and flat optical 
faces of fiber; in addition badly cut fiber 
degrades more quickly than properly cut 
fiber. Little is known.

Continue...
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Key and specific 
recommendations for ICP 
during LD

Rationale Need for specific improvements for LD 
to strengthen its practical applicability

Not yet known answers and comments 
on infectious hazards using LD

Sterilization and disinfection 
of patient-care items and 
laser devices and accessories 
[10,32,33,52]

Clean and reprocess (disinfect or 
sterilize, packaging and storage) reusable 
dental equipment appropriately before 
use on another patient to avoid infection 
transmission 

Checking IFU and problems regarding 
the stability of laser transmission system 
during cleaning, disinfection, steam 
sterilization

Cleaning and disinfection of any items 
(fiber, pen, arm, bottons) as soon as 
possible after removal from the patient’s 
mouth before drying of blood or other 
bioburden that can occur

It is forbidden, and a negligence act, the 
reuse of single use tips

Laser manufacturers must improve some 
important features (autoclavable design, 
improved cleanability, reduced porosity 
of surface, and anodized finishing) of 
laser handpieces and furnish better IFU.

Should aldehyde-based and alkaline-
based disinfectants be avoided to prevent 
the reduction of the light transmission 
of the laser fiber or its damage and 
occupational hazards (asthma by 
aldehyde-based disinfectants)?

Currently, IFUs do not report the 
maximum number of steam cycles 
that guarantee the main optical and 
mechanical properties of the fibers and 
the connector.

The reconditioning of LSE 
[1,127–131]

During LD, LSE is needed for both the 
patient and DHCP to avoid eye damage

Any damage (by scratches and/or 
chemical damage) during reconditioning 
of the LSE, in particular into the 
wavelength-absorbent dye and on the 
coating on the surface must be avoid.

The LSE should be reprocessed 
immediately after use to prevent 
biological materials from drying on it.

Immersion or soaking is normally 
forbidden.

Never use abrasive cloth or paper-based 
textiles

Never place LSE in a steam autoclave, 
even when using the ‘plastic material 
cycle’.

Manufacturers must specify an estimated 
shelf life and operational life for LSE 
and IFUs for reprocessing.

Manufacturers should carefully consider 
the FDA list of disinfectants active on 
specific classes of infectious agents to 
provide timely guidance in the case of 
emerging outbreaks.

Environmental infection 
prevention and control 
[32,33,135–137]

Clean and reprocess (disinfect) reusable 
dental equipment appropriately before 
use on another patient avoid infection 
transmission.

Written information regarding the 
methods (e.g., type of disinfectant 
and exposure time) used to clean 
and disinfect the items (e.g., laser 
transmission system and laser device) 
according to the manufacturer’s 
instructions.

Use an EPA-registered hospital 
disinfectant with a tuberculocidal claim.

Cleaning, disinfecting, and covering of 
clinical contact surfaces as a function 
of the rate of use and contamination of 
the area

Impregnated wipes are preferred when 
treating “difficult” surfaces

Do not directly spray or pour cleaning 
and disinfectant agents on the laser 
system console.

Keep alcohol based disinfectant bottle 
perfectly closed and away from the laser 
beam

Use single-use, transparent, adhesive and 
medical-grade barriers 

IFU should indicate the specific  
movements during cleaning and 
disinfection of laser and its items for the 
best efficacy.

It is not easy to adapt the alternating 
horizontal left/right movement, from the 
cleanest area to the dirtiest area in the 
case of laser device.

The possibility to use low level 
disinfectants and the frequency of barrier 
substitution should be evaluated, in line 
with the emerging trends of outbreaks 
and during PBM

Table 4. Continued 
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Key and specific 
recommendations for ICP 
during LD

Rationale Need for specific improvements for LD 
to strengthen its practical applicability

Not yet known answers and comments 
on infectious hazards using LD

Pre-procedural mouth rinses 
with antimicrobial product

[1, 30]

To reduce oral contamination and 
environmental bacterial contamination

Avoid or be careful for the use of 
alcohol-based mouth rinses

No published evidence regarding their 
clinical

efficacy in reducing SARS-CoV-2 viral 
load or in

preventing transmission and no clear 
conclusion         in Cochrane data base 
[58–60].

Keep alcohol based mouthwash bottle 
perfectly closed and away from the laser 
beam.

Data is needed on toxic compound 
production on degradation of CHX by 
different laser light.

How long should the patient wait before 
LD to be sure that alcohol has run out in 
the mouth?

Dental unit water quality [33] DHCP and patients could be placed at 
risk of adverse health effects if water is 
not appropriately treated.

Water quality has been shown to 
influence air contamination [70].

During ablation by laser, a water spray 
can be used to control the tissue (enamel, 
dentin, or bone) temperature and wash 
away the debris.

It is prudent to use a water flow of 8–24 
ml/minute and

irrigation should be properly directed 
toward the target tissue.

In general in dental cares, it is needed 
to maintain water quality according to 
national Regulation (i.e., ≤egulation (i.e.,  
quality -500 CFU/ml of heterotrophic 
water bacteria in USA).

Use sterile solution for laser surgery. 

The hazard of unclean water 
contaminated with NTM, Pseudomonas, 
Candida during periodontal LD should 
be evaluated [152].

Irrigation can be delivered by laser 
(9,300 nm erbium and carbon dioxide 
instruments) or using a triplex operating 
syringe. In the first case, better 
information is needed on the quality of 
the water supplied and on the IFU. Some 
doubts about the quality of the water 
supplied arise from the non-negligible 
periods of stagnation and the indicated 
frequency of cartridge replacement (once 
a year) and water lines.

Indoor air quality 
[30,56,71,72,97,98 ]

Indoor air quality (mainly CO2 level) is 
linked to the transmission of respiratory 
viruses, while volatile toxic components 
and PM to respiratory diseases.

Some patients affected by chronic 
diseases are particularly susceptible to 
air pollution.

DHCP spend 30%–40% of their time 
in dental environments and therefore 
breathe potentially polluted indoor air.

The precautionary principle should be 
applied because limited data has been 
shown about the real advantages of 
aerosol prevention and biosafety using 
dental lasers

Concerning indoor air quality, the 
recommended levels of CO2, PM2.5, and 
VOC are <800 ppm, 5 µg/m3, and <150 
ppm respectively.

For general dentistry, the current 
recommendation for ventilation, in terms 
of ACH, is at least 6 for dental rooms, 
and 15 during the AGP [30,56,71,72,98].

The contaminated airborne hazards 
during LD must be limited by using 
different procedures (HVAC, ventilation, 
evacuation (HVE as close as 1 cm from 
the target site), extra-oral evacuation, and 
portable air purification system).

Position of the laser device near the fresh 
air flux in relation to air movement in a 
clean-to-less-clean flow direction.

More studies are needed on AGPs by LD 
with different characteristics in terms 
of aerosol and/or LP and irradiation 
parameters.

Studies have to clarify the ambiguity of 
AGPs and non-AGPs (with and without 
modifying factors).

The use of indoor air quality monitoring 
systems should be implemented because 
of the different strategies adopted for 
reducing airborne hazards and the 
peculiar features in terms of dental 
setting (number of operative rooms, 
number of DHCP and patient turnover, 
type and frequency of AGP by LD and 
the number of persons (laser authorized 
users, dental nurse authorized to assist in 
the operation of the Laser and patient) in 
the controlled area [76,99–101].

Table 4. Continued 
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profoundly transforming dentistry. For our specific objective, it 
is expected to improve the diagnostic accuracy of microbially 
caused oral diseases, while molecular biology plus AI the extent 
of bacteremia after LD. Mainly, AI will be useful for monitoring 
the application of standard precautions (e.g., procedure and 
duration of hand washing, disinfection, and so on) or the quality 
of indoor air interfaced with automatic ventilation modulation 
systems.

Infectious risk and cross-infection hazard in dentistry: a look to 
the future

Predicting infectious hazards is very complicated. 
Nevertheless, the outlook for infectious risks is alarming 
[140–142] and SARS-CoV2 different variants continue to go 
on spreading. Climate and land-use changes are predicted to 
increase the frequency of zoonotic spillover events, which 
have been the cause of most modern epidemics. Meadows’s 
group estimated that some pathogens (SARS Coronavirus 1, 
Filoviruses, Machupo virus, and Nipah virus) would cause four 
times the number of spillover events and 12 times the number 
of deaths in 2050, compared with 2020 [140]. So the real 
question is, not if there will be a pandemic, but when there will 
be. Other causes of disease emergence are: changes in human 
demographics and behaviors (i.e., HIV, tubercolosis, and Mpox 
clade 2), international travel and commerce (SARS, mPox 
clade 1), health care technology (Enterococcus, HCV, HBV, 
and so on), and microbial changes (infections with antibiotic-
resistant strains). In addition, we live in a very dynamic word 
for infective agents [143]. The 2024 WHO BPPL covers 24 
pathogens, spanning 15 families of antibiotic-resistant bacterial 
pathogens. Remarkable among these are Gram-negative 
bacteria resistant to last-resort antibiotics, at least three of them 
are of dental interest (drug-resistant strains of Mycobacterium 
tuberculosis, P. aeruginosa, and Staphylococcus aureus). But 
on the podium of the winners of the 2024 BPPL update, there 
are also Klebsiella pneumoniae and Acinetobacter baumannii, 
which are “new entries” for ICP in dentistry [143–145]. Fungal 
infections are continually increasing and oral Candida infection 
is certainly the most widespread mycosis in denture wearers, 
immunosuppressed patients, and patients with saliva secretory 
dysfunctions. Candida albicans and Candida auris are included 
in the WHO fungal pathogens priority list [146] and also C. auris 
seems to be present in denture wearers and adheres to dental 
implant materials [147]. The risk of new pandemics will recur, 
and the economic consequences are of concern to all economic 
and healthcare activities, including dentistry. Dentistry is 
also concerned with emerging pathogens (i.e., Enterovirus, 
Candida auris, measles virus, and so on) [142,148,149] and 
many of them could be a hazard for elderly and susceptible 
persons. Some NHS and epidemiologists reported that measles 
outbreaks is expected in the near future [149]. The new 
mutations of SARS-CoV-2 virus indicate that it remains a bit 
of a wild card, where it is always hard to predict what he will 
do next. Dental care-associated infections do not seem so rare 
in the last years [33,49,148–152]. The prospect caused by new 
SARS-CoV2 variants and the long-term presence of SARS-
CoV2 in many tissues during Long COVID is not reassuring 
[153]. Antimicrobial resistance is a global public health hazard 

with serious economic consequences [49,50]. Photodynamic 
and photothermal therapy seems a promising strategy to combat 
antimicrobial-resistant bacteria [21,22,154].

Airborne transmission of pathogens
First, it is important to note that R0, referred to as the 

reproduction number, is a mathematical term that indicates how 
contagious an infectious disease is; R0 is in the range 0–18. For 
measles, poliomyelitis/rhinovirus/small pox, SARS-Co-V2, 
and influenza H1N1, the estimated R0 values are 18, 6, 3, and 
1.5, respectively.

Then, numerous respiratory and other viruses 
replicate in the oral cavity and are transmitted via aerosol or 
“droplet nuclei” (5–100 μm) and mainly at a distance of >1 
to 2 m away from the infected individual and via droplets 
(>100 μm) [155]. Droplets can travel less than 1 meter,  and 
fall to the ground in under 5 seconds.  SARSCoV, influenza-, 
parainfluenza-, metapneumo-, rhino-, adeno-, and respiratory 
syncytial viruses are transmitted by aerosols and droplets, as 
well as direct and indirect contact (fomites). Other diseases 
spread by respiratory and oral fluids are: tubercolosis, 
diphtheria, pneumonia, meningitis, sinusitis, conjunctivitis, 
bacterial bronchitis, CMV disease, mononucleosis, measles, 
rubella, and mumps. In particular, mycobacterium and rubeola 
(measles) virus are considered aerosol transmitted. Aerosols 
produced by an infected individual may contain infectious 
viruses, and studies have shown that viruses are enriched in 
small aerosols. The transport of virus-laden aerosols is affected 
by the physicochemical properties of aerosols themselves 
and environmental factors (temperature, relative humidity, 
ultraviolet radiation, airflow, and ventilation). Aerosols up to 
100 mm can be inhaled. Depending on their size, they deposit 
in different regions of the respiratory tract, based on one of 
several key mechanisms (inertial impaction, gravitational 
sedimentation, Brownian diffusion, electrostatic precipitation, 
and interception). Aerosols >5 mm deposit primarily (87% 
to 95%) in the nasopharyngeal region. Only aerosols that are 
sufficiently small (0.001–2 μm, mainly in the range 0.001–0.3 
μM) can reach and deposit in the alveolar region. Recent data 
shows that ambient CO2 concentration correlates with SARS-
CoV-2 aerostability and infection risk [156]. Higher aerostability 
results also from a moderate increase in the atmospheric CO2 
concentration (e.g., 800 ppm).

Recently, Zemouri’s group showed data on the 
modeling of the transmission of Coronaviruses, Measles Virus, 
Influenza Virus, Mycobacterium tuberculosis, and Legionella 
pneumophila in Dental Clinics (ref) in a high scenario [(The DHCP 
does not wear a medical face mask, nor covers the nose with the 
medical face mask and works in poor indoor air quality (>1,500 
PPM CO2)] and low-risk scenario (The DCHP wears an FFP-2 
mask and works in good indoor air quality (400–800 PPM CO2) 
[157]. The high-risk scenario leads to the highest transmission 
probabilities of measles virus (100%), coronaviruses (99.4%), 
influenza virus (89.4%), and M. tuberculosis (84.0%). The low-
risk scenario leads to transmission probabilities of 4.5% for 
the measles virus and 0% for the other pathogens. From the 
sensitivity analysis, the transmission probability is strongly 
driven by indoor air quality, followed by patient infectiousness, 
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and the least by respiratory protection from medical face mask 
use. Nevertheless, in-depth studies are necessary to evaluate the 
influence of saliva composition on the decay of viral viability 
and viral transmission.

Up to now, great progress has been made in 
understanding the adverse effects of ambient fine and ultrafine 
PM on human health [73,158]. However, more studies are 
needed on the effects of them on various organs and their 
specific action mechanisms.

Finally, it is known that DHCPs work and are exposed 
in an area within 1.5–2 m of the source of contamination 
(patient’s head). We think that the data reported in the section 
“Indoor air quality during laser dentistry”, relating to aerosol 
and PM production during LD, do not allow us to exclude the 
hazard of airborne transmissible infections.

CONCLUSION
Epidemiological data estimated for the future indicate 

that dental teams must learn to live with an infectious risk in 
dentistry and LD. Unfortunately, it will be variable, fluctuating 
and intermittent, sometimes known and re-emerging, and at 
other times unknown and emerging. ICP’s goal will always 
remain the same: prevent infections for vulnerable patients in 
a vulnerable context.

In general, the debate on the safety of LD is silenced, 
perhaps caused by the many commercial interests. But today 
more than ever, 360° safety is essential, not optional, for 
whatever dental technology, including LD and IPC. IPC is one 
of the main strategies for patient and occupational safety. LD 
partly has some advantages (low AGP, drug-free, and reduction 
of drug prescriptions), but cannot be considered completely 
free of dental-care-associated infections. The review aims to 
throw a stone into the dormant water of LD for IPC. Our review 
shows that current recommendations for LD have been limited 
or generic to IPC or are outdated.

Unfortunately in our review, some burning questions 
remain unanswered due to the limitations of available data. Some 
experts exclude adverse events during LD in DHCP, but are they 
right with recent data on PM contamination during LD? How 
long could we passively wait for more reliable data on aerosol 
contamination to support evidence-based recommendations? 
Available data shows reduced bacteremia after periodontal LD, 
but remains of concern the infective endocarditis is secondary 
to its level. There are no data on bacteremia during surgical LD, 
but can we exclude it? Rationally, we cannot. More in-depth 
research is needed that takes advantage of the potential of 
molecular biology, sensors, and AI.

We have reported the available information, the weak 
points, and useful information for making informed choices 
for the prevention of cross-infection, often supported by the 
precautionary principle. We hope our specific indications are 
useful for the activities of the infection control coordinator, 
laser safety manager, and dental teams.

We hope that our review is a useful “crutch” while 
waiting for an evidence-based recommendation or at least 
an updated Ad Interim best practice on IPC in LD issued by 
accredited international organizations (CDC, OSAP, UK NHS, 

and so on), in line with recent WHO indications for IPC and 
the legal requirements for healthcare safety. More clear and 
detailed IFU for ICP should be available for any type of laser 
medical device and laser care in line with the requirements of 
the Regulations EU 2017/745 and someone should check the 
documents before the laser commercialization.
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