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Abstract Most of the pollution inside a dental clinic comes from the external environment;
therefore, the location of the building affects the air quality, as well as the work activity
and the type of natural or mechanical ventilation. In the dental sector, pathologies
caused by pollutants are increasing, mainly because of methyl methacrylate, 2-
hydroxyethyl methacrylate, ethylene glycol dimethacrylate, and triethylene glycol
dimethacrylate. However, there are still gaps in the literature regarding the potential
effects of all environmental pollutants, and particularly the long-term effects on
healthcare workers. A comprehensive search was conducted across PubMed, Embase,
Web of Science, and Cochrane Library databases, without time limits, resulting in a
total of 155 scientific articles. After the removal of the duplicates, 86 single papers
remained for further analysis. The titles of these articles were manually reviewed to
include relevant references related to the presence of indoor pollutants in the air of
dental clinics. Following this screening process, 10 studies were identified as relevant to
Keywords the topic of the systematic review. Seven scientific articles were selected to be included
= indoor air quality in this review. The seven experimental studies reported various air pollutants related to
= pollutants diseases affecting dental health. In particular, the levels of volatile organic compounds,
= volatile organic carbon dioxide, and temperature were analyzed in a university dental clinic. Levels of
compounds environmental pollutants are much higher during working hours, particularly during
= PMig dental procedures such as prosthetic and conservative dentistry, due to the chemical
= PM s nature of the materials used. However, no study reported exceeding the limits set by
= PMs national environmental regulations. Due to the heterogeneity of the studies, the
- CO, variety of molecules, the variety of clinical facilities and their geographical location
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subject to different requlations, as well as the variety of measurement methods,
including the variety of traditional and/or technological ventilation systems used in
dental departments, a meta-analysis was not performed. Despite the limitations of this
systematic review, it was possible to identify some key points that are useful for further
in vivo studies aimed at developing specific guidelines to protect health care workers.

Introduction

The European Union’s ambient air quality directives require
the measurement of concentrations in ambient air of a few
pollutants that are considered to have significant effects on
human health and the environment. Legal standards (i.e.,
maximum levels that must not be exceeded) exist for the
following pollutants: sulfur dioxide, nitrogen oxides and
nitrogen dioxide, particulate matter (both PM;¢ and PM, 5),
lead, benzene, carbon monoxide, ozone, arsenic, cadmium,
nickel, and benzo(a)pyrene.! In fact, global pollution is
responsible for at least one in five deaths worldwide.?
Most of what we know about pollution relates to the external
environment, but most of the population spends their lives in
buildings, both for work and for leisure.> Despite growing
interest from the research community due to the COVID-19
pandemic, indoor pollution is less regulated than outdoor
pollution. This is due to the limited amount of scientific
evidence on the subject. Conducting research on indoor
pollution requires significant economic, technical, and hu-
man resources.* Despite these obstacles, recently research-
ers are committed to finding solutions to make the air inside
buildings harmless to human health.” There is very little
scientific evidence on indoor pollution in dental clinics and
the effects on the health of healthcare workers and patients.
However, air quality in dental clinics has become a concern;
bacteria and microorganisms that are considered toxic and
released during procedures can lead to dangerous health
effects.® Most of the pollution inside dental clinics comes
from the external environment; therefore, the building loca-
tion affects air quality, as well as the work activity and the
type of natural or mechanical ventilation.” Dental staff are
exposed to acrylates due to acrylic resin composites and
bonding agents used for fillings. These compounds are
known to cause contact allergies in dental staff. However,
in the 1990s, reports emerged about cases of asthma also
caused by methacrylates. The main volatile acrylates used in
dentistry are 2-hydroxyethyl methacrylate and methyl
methacrylate.? It is now known that indoor pollutants cause
allergies and asthma, and in the dental sector, these pathol-
ogies are on the increase, mainly caused by methyl methac-
rylate (MMA), 2-hydroxyethyl methacrylate (HEMA),
ethylene glycol dimethacrylate (EGDMA), and triethylene
glycol dimethacrylate (TEGDMA). In addition, formaldehyde
has been classified as a Group 1 human carcinogen by the
International Agency for Research on Cancer (IARC).? How-
ever, there are still gaps in the scientific literature regarding
the potential long-term effects of all environmental
pollutants on healthcare workers, as well as on the various
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types of pollutants. Further gaps are found in the regional
data available for limits as well, in consideration of climate
and exposure to pollution.'%!

This systematic review aims to investigate the main
pollutants present in dental clinics, in order to understand
their characteristics and identify their impact on the health
of patients and healthcare workers. Ultimately, the aim is to
develop strategies to reduce indoor pollution and improve
air quality in dental clinics.

Methods

Study Characteristics

The article selection process for this review followed the
guidelines provided by the PRISMA flow diagram, as shown
in =Fig. 1. A comprehensive search was conducted across
PubMed, Embase, Web of Science, and Cochrane Library
databases, without time restrictions, resulting in a total of
155 scientific articles. To eliminate duplicates, the references
of the identified records were uploaded to the digital tool
Rayyan (http://rayyan.qcri.org, accessed on 11/02/2025)."
After duplicates removal, 86 unique papers remained for
further analysis. The titles of these articles were manually
reviewed to include relevant references related to the pres-
ence of indoor pollutants in the air of dental clinics. Follow-
ing this screening process, 10 studies were identified as
relevant to the topic of the systematic review. A final selec-
tion of seven scientific papers was made because two articles
lacked the full text, and the third one was considered
inadequate and incomplete in the “Materials and Methods”
section.

Search Strategy

This systematic review adhered to the guidelines employed
by the PICO(S) approach (Patient or Population, Intervention,
Control or Comparison, Outcome, and Study types). Exten-
sive literature research was conducted using the databases
PubMed (Medline), Embase, Web of Science, and Cochrane
Library, focusing on the presence of indoor pollutants in
dental clinics and their potential effects on operators and
patients.'’ The search strategy used different keywords,
involving “Indoor air quality in a dentistry clinic” or “Indoor
air quality in a dental office” OR “Indoor air pollutants in a
dental office” OR “Indoor air pollutants in a dental clinic.” The
PICO question was expressed as follows: P-population: Air
quality inside the clinic/dental practice; I-intervention:
actions taken by dentists to improve air quality; C-compari-
son: no intervention or standard care; and O-outcome: An
evaluation of potential strategies to reduce particulate
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Fig. 1 Prisma flow diagram.

pollution in dental clinics. Articles in languages other than
English were not eligible. There was no time restriction for
the publication dates of the source documents. As it is
considered a systematic review of in vitro studies, the study
cannot be registered on Prospero.

The research hypothesis was:

How many studies have been published on air quality in
dental clinics?
What types of studies have been published?

Records identified from:
§ Total (n=155) Records removed before
3 Pubmed (n = 39) screening:
Embase (n = 29) > Duplicate records removed
= Web of Science (n = 83) (n=69)
g Cochrane Library (n = 4)
- Records screened
= (n=86) » | Records excluded
g (n=76)
——
Full text article assessed for
£ eligibility —» | Full text article excluded
5 || (n=10) (n =2 no full text
) n=1 the methods are inadequate)
i
3 e -y
S Studies included in review
S (n=7)

What are the main particles in a dental office?

Is it possible to consider a relationship between oral
health outcomes and air pollutants in the dental
practice?

Are there reference levels for indoor pollutants?

Inclusion and Exclusion Criteria

Articles were considered appropriate if they met the follow-
ing inclusion criteria:

European Journal of Dentistry © 2026. The Author(s).



The Effects of Indoor Pollutants on Health Care Workers, Patients, and Caregivers in Dental Clinics

1. Articles with a main topic regarding the correlation
between indoor air pollution in dental clinics and their
impact on oral health.

2. Studies performed in vivo.

. Full-text paper in English.

4. Retrospective study, case-control study, and cross-sec-
tional study were included.

w

Articles that did not show the above information were
excluded from the review.

Research letters and conference proceedings were
excluded.

Data Extraction and Following Analysis

All the relevant data were extracted, including the author’s
name, publication year, type of study, pollutants measured,
type of dental clinic, and impact of oral health. Specifically, a
data abstraction sheet was used, and the accuracy of the
information was verified by G. Teté and M.S. (with the
agreement of all the authors).

Results

How Many Studies Have Been Published on Air Quality
in Dental Clinics?

Seven experimental studies investigating various air pollu-
tants and their association with health-related conditions
in dental environments were included. Specifically, meas-
urements focused on volatile organic compounds (VOCs),
particulate matter (PM10, PM2.5), nitrogen oxides (NOX),
and sulfur dioxide (SO,), carbon dioxide (CO,), and temper-
ature levels in a university dental clinic. Due to the hetero-
geneity of the studies and in consideration of the different
type of molecules, different types of clinical facilities,
different measurement methods, and different traditional
and/or technological ventilation methods used in dental
departments, it was not possible to perform a meta-
analysis.

What Types of Studies Have Been Published?

The main results are presented in =Table 1, summarizing
the key findings of the seven articles examined. To provide
a more comprehensive overview, however, we have created
an additional table (~Table 2) comparing the type of clinic,
the type of occupants, the type of ventilation, the measure-
ment times, the temperature level, and the CO,, PM;.5, and
PM;, levels. The quality of the studies was assessed using
the QUADAS-2 tool, which was developed for in vitro
studies through the JBC scientific guidelines (see =Tables
3 and 4).

What Are the Main Particles in a Dental Office?

Most of the articles included in the systematic review deal
with PM and VOCs (six out of seven articles), while the others
include CO,, NOX, and SO, as well. High concentrations of
aerosols can be produced during dental procedures that
involve a high-speed drill or a rotary instrument.'>”'4
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Aerosol composition, concentration, and distribution are
influenced by factors such as the type of treatment, the
size and location of the treatment room, the duration of
treatment, patient characteristics, and seasonality.'>'® Den-
tists are potentially exposed to various air pollutants during
different types of dental procedures. The use of resin materi-
als, particularly in prosthetics, results in the release of
microparticles into the air that can have long-term effects
on health care operators and patients.'” In this regard, the
World Health Organization (WHO) Working Group on
Assessment and Monitoring of Exposure to Indoor Air Pollu-
tants concluded that indoor formaldehyde concentrations
>100 pg— are enough to require corrective action based
on health effects.'® Indoor ammonia concentrations were
usually less than 20 pg—>."° High ammonia concentrations
(up to 210pg~3) have been reported to cause irritation in
humans.?%-23

Is It Possible to Consider a Relationship between Oral
Health Outcomes and Air Pollutants in the Dental
Practice?

The role of indoor and outdoor air pollution as a major
environmental risk factor for health is now well established,
with around 7 million premature deaths per year world-
wide, including around 400,000 in Europe.z“'25

Recently, the scientific community has become increas-
ingly interested in the quality of indoor air in hospitals and
healthcare facilities.?® Operating rooms, biochemical labo-
ratories, wards, and private offices have been studied where
the mixture of pollutants, chemical compounds, microor-
ganisms, and infectious biological agents in the air creates
indoor conditions that are dangerous for the health of both
patients and health care workers.?’~?° Comparison of this
type of environment in hospitals with different exposures to
different risk factors, with or without air conditioning, has
shown the positive effect of ventilation systems in improving
indoor air quality, provided these systems are properly
operated and well maintained (~Fig. 2).3%3'

The prevalence of allergies, asthma, and other respiratory
diseases has increased significantly in recent decades.
Among other factors, this phenomenon has been linked to
the adverse health effects of air pollution,z'2 which is often
much higher in indoor than outdoors environments. Volatile
organic compounds (VOCs) have been implicated as causal
agents in asthma and building-related diseases.>? In the case
of dental environments, an increase in occupational respira-
tory diseases such as asthma caused by VOMs has been
observed in dental personnel in recent years.>*3> Volatile
methacrylates such as methyl methacrylate (MMA), 2-
hydroxyethyl methacrylate (HEMA), ethylene glycol dime-
thacrylate (EGDMA), and triethylene glycol dimethacrylate
(TEGDMA) have been analyzed in the air on a dental chair
during dental filling.33® Less information is available on the
levels of other volatile organic compounds, such as benzene,
toluene, ethylbenzene, and xylenes (BTEX), which are con-
sidered markers of VOC exposure, and some aldehydes, such
as formaldehyde, which has been classified as a Group 1
human carcinogen by the International Agency for Research
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Table 2 (Continued)
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Effects of Indoor Pollutants on Health Care Workers, Patients, and Caregivers in Dental Clinics Tete et al.

on Cancer (IARC). The currently available data on VOC

sle g 5 .
5|3 £ P g2 |egm Yol levels.3”-3 Dental environments are mostly representative
S|cS2ZTE F5E |52 cE:588ss of the specific dental environment studied, with a very low
Z|2 5= SEEE g |EES S5855¢238 L _ ’
gl2gascsE E 8 £223|g5scNEETS I power of generalization.®19-3% Gas phase pollutants present
E g § % % c g2 529 % % @ 2 R E 2 in dental offices include gases such as nitrous oxide (NO),
Sle25828c 8 do|EessEesEEgs i i
|l ZEocBSgSEas|goEaEcEE2gs: volatile organic compounds (VOCs), and mercury vapor. NO
E|825£8£8a58|FfE838388E2s5S is emitted during anesthetic dentistry, with well-known
effects on health during prolonged clinical dentistry, but
this phenomenon is reduced using abatement systems.*%4!
c _ ICOVs emitted in dental offices include methanol, methyl
'% 8 acrylate, methyl methacrylate, and isobutyl methacrylate
= § associated with resins and solvents."' The manufacture of
E E crowns and bridges, acrylic frameworks, and dentures is a
g 5 major source of alloys, porcelain, mercury, and methyl
= Z methacrylate, which are the most common materials found
c . 7 ?n dental labo.ratories.42 These pollutants have a. significant
s . % &5 N i _ 1mpfact on patients’ hgalth, who are exposed to high ccl)nc.en—
§Esge 2 3 trations for short periods of time, but the effects are limited
g o= § 55 gé to irritation of the eyes, nose, and throat, and headaches,
2 25282933 nausea, or dizziness. However, for students and doctors who
= = f;é 78;% g% % spend most of their time in the clinic, long-term exposure
:;; é cEEl g 5% can cause respiratory diseases, dermatological problems,
= <S58 55%% allergies, and neurotoxicity.*> However, the status of air
quality with respect to gaseous and particulate pollutants
in dental clinics has not been thoroughly investigated.**

i Are There Reference Levels for Indoor Pollutants?

2 ~Table 4 summarizes the updated AQGs compared to those

= s proposed in 2005, also compared to those of the Italian
legislation,*> and shows the interim concentration values
for each pollutant. In fact, these are the environmental levels
defined to help decision-makers, especially in the most
polluted areas of the world, to adopt stricter policies in order

N to implement a realistic pollution reduction path. The reduc-

S B tions in the guideline values are significant for all pollutants,
particularly for the annual values of PM and NO, for which a
guideline value is also introduced for the daily average,

. which did not exist previously.*®*® Only for SO do the

% new recommendations suggest a higher 24-hour value
ES E than the previous one, based on new assessments of short-
& ~ term effects.*>>? Some short-term exposure guideline values

remain unchanged for CO, NO, and SO (~Table 4).
& Certainly, the discrepancy between the current legal
= E values and the levels of the WHO AQGs must stimulate the
< m identification and adoption of ambitious, structural, syner-
o gistic, integrated, and coherent actions in the various sectors,
% from industry to civil society, and at all regional, national,
‘g and European levels, to achieve the continuous reduction
E < targets in the near future.’! Given the importance of this
issue at a global level, we have made a table of the values
found in different dental facilities, reported in the articles

= % included, and compared them with the normative reference
values (=Table 5).

a Graphic Representation
3 J;:':g All the diagrams concerning the arrangement of purifiers
§ f g and ventilation in dental clinics were reported, along with

the six articles included in the systematic review (one had no

European Journal of Dentistry © 2026. The Author(s).
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Tete et al.

Table 3 4 QUADAS-2 tool quality assessment (*=grade of risk)

Author Patient selection Index test Reference standard Flow and timing

Tzoutzas et al*® o o ** -

Liu et al®’ . . - -

Santarsiero et al’® = = = =

Helmis et al®? = - o o

Helmis et al’® o = - **

Hong et al®2 . . . .

Rexhepi et al'® = - - -

Study Risk of bias Applicability concerns
Patients Index Reference Flow and Patients Index test Reference standard
selection test standard timing selection

Tzoutzas et al*® ?

Liu et al®’ ?

Santarsiero et al’? ?

Helmis et al®? ?

Helmis et al’® ?

Hong et al®? ?

Rexhepi et al'® ?

graphic representations; =Figs. 3-8). The only possible
solution to date to reduce the rate of indoor pollution is to
intensify mechanical and natural ventilation.>?~>*

Discussion

This systematic review aims to investigate the main pollutants
present in dental practices and the reference levels existing in
the literature, understand their characteristics, and identify
their impact on the health of patients and healthcare workers.
The ultimate goal is to develop strategies to reduce indoor
pollution and improve air quality in dental practice.

Although the current guidelines on environmental pollu-
tants are not entirely consistent and uniform, our analysis of
the scientific literature has shown that temperature and
humidity should be constant in the environments where
measurements are taken and should fall within the limits set
by the main guidelines, such as those of the American Society
of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE).”>®

In fact, Tzoutzas et al found that most observations (95%)
fell within the measurement range known as the normal
range of 23 to 26 °C.>® All but two of the analyzed studies,
which did not report temperature values, fall within this
measurement range.

Furthermore, the authors emphasize the importance of
air exchange through natural ventilation in environments
with other infection risks, such as the dental sector, which
affects temperature and atmospheric conditions,'® and

highlighted in all the studies analyzed, particularly in the
two studies that examined the biological infection risk of
COVID-19 as well. In addition, ventilation speed and direc-
tion associated with air pollution may be another factor that
can affect the indoor environment.>’~>° However, the
articles under review report that opening windows (i.e.,
natural ventilation) did not significantly affect the results
obtained and that adequate mechanical ventilation must be
used in synergy.%° The scientific literature on the effects of
ventilation on health, comfort, and productivity in non-
industrial indoor environments (offices, schools, homes,
etc.) has been reviewed by a multidisciplinary group of
European scientists, called EUROVEN, with expertise in
medicine, epidemiology, toxicology, and engineering. The
research group agreed that ventilation is strongly associated
with comfort (perceived air quality) and health (symptoms of
sick building syndrome [SBS], inflammation, infections,
asthma, allergies, etc.) and that there is an association
between ventilation and productivity (office work perfor-
mance). Finally, there may be an increased risk of SBS
symptoms in air-conditioned buildings compared to natu-
rally or mechanically ventilated buildings, and improper
maintenance, design, and operation of air conditioning sys-
tems contribute to an increased prevalence of SBS
symptoms.19-55.57-59.61

Hong et al®® found the highest average CO, levels at
1,695.428 mg/m>, while others report CO2 levels in the range
between 900 and 1,500 mg/m>, with the exception of San-
tarsiero et al who reported levels of other types of pollutants.

European Journal of Dentistry © 2026. The Author(s).
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Table 4 Updated AQGs compared with those proposed in 2005, also compared with those of the Italian Iegislation,43

interim concentration values for each pollutant

Tete et al.

showing the

Pollutant | Time reference Interim values, mg/m?3 OMS Guidelines | OMS Guidelines | DLgs 155/
2021 2005 2010 Italy
1 2 3 4
PM; 5 Annual 35 25 15 10 5 10 25
24 h 75 50 37.5 25 15 25 -
PM1o Annual 70 50 30 20 15 20 40
24 h 150 100 75 50 45 50 50
03 Seasonal peak value | 100 70 - - 60 - -
24 h 160 120 - - 100 100 -
NO, Annual 40 30 20 - 10 40 40
24 h 120 50 - - 25 - -
SO, 24 h 125 50 - - 40 20 125
Cco 24 h 7mg/m® | - - - 4mg/m? - -

This systematic review shows that CO, levels are influenced
by work activity (i.e., the presence or absence of people) and
not by natural or mechanical ventilation.®>~6° This result was
confirmed in the study by Fromme et al.®® Furthermore, Liu
et al highlighted that indoor pollutant levels are closely
related to CO, levels. In fact, when CO, levels are reduced,
TVOC and PM levels are lowered.®” In 2023, the eighth report
by the Lancet Countdown, an international research project

PMo

that independently monitors the evolution of the health
impacts of climate change and the emerging health benefits
of climate action, brings together 114 scientists and health
professionals from 52 research institutes and United Nations
agencies around the world to provide the most comprehen-
sive assessment to be improved. The report notes that 1,337
tons of CO, are emitted globally every second and that every

Health effects 1. Hiperplasia of secretory
cells, ciliary alteration

and MUC5AC cells

3. T CELLS infiltrates

[
Munocm \% )

0 Neutrophil

Eosinophil ~ Basophil

Fig. 2 Main health effects and anatomical extent of the particulate.
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moment of delay in taking action increases the risks to
human health and survival.®®

TVOC particles are strongly influenced by the type of
activity conducted in dental practice, rather than by ventila-
tion and occupancy.®® In fact, they are associated with the
biomaterials used in certain dental procedures. In support of
this thesis, Liu et al found the highest levels of TVOC particles
674.56 ppb to 1,373.99 ppb of PM(; 5y and TVOC 674.56 ppb to
1,373.99 ppb of PM;, in the prosthetics department, where
resinous materials are used for the manufacture and relining
of temporary restorations. Dimethyl methacrylate, due to its
volatile properties, easily disperses into the air after the
material has been polymerized and completely hardened.®’
The second most contaminated department was periodon-
tology, as prosthetic work was being carried out on the days
of the measurements.®’ Santarsiero et al detected high levels
of TVOC released from materials such as formaldehyde,
acetaldehyde, propionaldehyde, and isovaleric aldehyde.70
The WHO has established an indoor air quality guideline for
short- and long-term exposure to formaldehyde (FA) of 0.1
mg/m> (0.08 ppm) for all continuous exposure periods of
30 minutes.”’ This guideline has been supported by studies
conducted from 2010 to 2013. Since 2013, new key studies
have been published and important cancer cohorts have been
updated, which we have evaluated and compared with the
WHO guideline. FA is genotoxic, causes the formation of DNA
adducts in human beings, and shows a clastogenic effect;
nasopharyngeal cancer and leukemia have been observed
inconsistently in different studies. New updates to the U.S.
National Cancer Institute (NCI) cohort confirmed that the
relative risk was not increased with average AF exposures
below 1ppm and peak exposures below 4 ppm. Hodgkin’s
lymphoma, which was not observed in the other studies
reviewed, is not considered to be AF-dependent; it increased
in the NCI cohort at average concentrations >0.6 mg/m> and
peak exposures >2.5 mg/m>, both above the WHO guideline.
Overall, the credibility of the WHO guideline has not been
challenged by the new studies.”? Helmis et al also suggested
that the timing of powder/liquid mixing of resinous materi-
als used in the prosthetics department should be extremely
accurate. They point out that even detergents commonly
used in dental practice disinfection release more TVOC
particles; in fact, the highest levels of 75ug/m> for PM, 5
and 138ug/m®> for PM;, were recorded during
working hours, when prosthetic procedures were being
performed, and at the end of the working day, when the
main cleaning of the rooms is normally carried out.? The
same authors recommend installing air purifiers in places
where particles are emitted, as natural/mechanical ventila-
tion is not sufficient to clean the environment.”? The pres-
ence of pollutants has also been detected in ventilation
filters.”* Helmis et al confirm the same result, namely, that
the prosthetics department, where procedures using resin-
ous materials (in particular PMMA used in the production of
posts and abutments) are performed, shows the highest
levels of TVOC and exceeds the limits set by Greek legislation.
Another solution suggested by the scientific literature is to
improve the composition of cleaning products used in



The Effects of Indoor Pollutants on Health Care Workers, Patients, and Caregivers in Dental Clinics

__®JAQ #3

Fig. 3 Positions of the IAQ sensors and the air purifiers in the clinic.’

Tete et al.

[T eIAQ #1

E=2 £-2

I 1 \{

(Q) Pediatric dentistry room

(b) Craniofacial orthodontic dentistry area

(€) Periodontal dentistry room

L

s e 00 00
€ O
[:] 00
C) 00 00 )

(d) General practice dentistry area

S T S
030 00

(e) Instrument washing room

(f) Patient waiting area

[e]

seatarea

counter

0C30 030

Fig. 4 Diagram of the six locations of the dental department.®’

dentistry, using natural ingredients that are harmless to
human health.”>

PM particles, on the other hand, are influenced by the
external environment, ventilation, and the number of people
circulating in the dental clinic.

Some studies have found associations between PM par-
ticles and fractional exhaled nitric oxide (FeNO), lung func-
tion, oxygen saturation, childhood asthma, and symptoms in
patients with chronic obstructive pulmonary disease
(COPD). High levels of VOCs have been associated with
asthma and upper respiratory tract symptoms and, in severe

cases, cancer. In the future, effective intervention studies for
PM may focus on human behavior, along with air purifiers
and increased ventilation, while interventions for VOCs may
focus more on building materials and household products,
along with cleaning and ventilation.”®

As shown in the results (=Fig. 1), PM particles have very
harmful effects on human health, particularly for those who
are exposed to them over the long term, such as healthcare
workers in dental practice.””

However, our article has several limitations: the articles
analyzed are the most comprehensive on the subject, but
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they lack important information from a legislative point of

view, such as whether they

regulations, whether there is environmental monitoring by
accredited institutions, or whether they follow international

follow regional or national

standards. There is a lack of information on the types of
pollutants and the long-term effects on the health of oper-
ators after 20 to 30 years of occupation. Furthermore, the
available data cannot be compared for a meta-analysis due to

7 7 / 77
00 /%7 7 %
~ / p /)
% "é —., :' \ //// / ré/ ‘\: Uu\ug.\ck Monitor ///;
¢ N /
| DustTrack|Monitor i '/;’ Dental 50 cm > X // /
l‘n'ﬂlmnn(\ \'».Q, Stundard saliva ,,{/ o @ Standard saliva ’ /
G L— 'ﬁ./... \\ be ’ \"'\\: ° S / /’}/ ///’ ‘\‘\/ \"_ \ﬁ% u /
(| ) \ -\? 77 \I[\ 7/
Y A 7 Py
3 (2R 7 ( V4 \ g // 7
72N v/ 7 2‘? . 'r":,_‘“,' . /}/2 ///,
o ™ 3 g— AN /
S n\I'-'\ 11 Y / \J g
. B x N 8 "\::'_ _J) KT\ / <
§ § \ )
2 —— )
2 \ // 3
1 ' 7
:/"
T7777 ~ 77, 7 % .
(a) (b)

Fig.8 Position of the DustTrak DRX Aerosol Monitor in the plan of the dental unit in which the dental services were performed: (A) 1 m from the

dental practitioner chair; (B) 50cm

from the standard saliva ejectors.®?

European Journal of Dentistry © 2026. The Author(s).



The Effects of Indoor Pollutants on Health Care Workers, Patients, and Caregivers in Dental Clinics

the above-mentioned limitations as well as geographical and
climatic differences that significantly influence the results
obtained. Finally, the ventilation used is not comparable, as
most of the studies analyzed use different and combined
types of natural and mechanical ventilation, as well as
environmental filters, while some of them use natural ven-
tilation exclusively.

Therefore, further clinical and laboratory studies are
needed, such as cohort studies on respiratory outcomes or
interventional trials with air-cleaning technologies, to test
the levels of major indoor pollutants and the new technolog-
ical tools recommended by scientific literature to address a
well-established and serious human health concern affecting
dental clinic healthcare workers.

Conclusion

In consideration of the limits of this systematic review, some
key points were identified that will be useful for further in
vivo studies, aimed at developing specific guidelines to
protect healthcare workers in dental facilities:

= Natural ventilation alone, or in combination with me-
chanical ventilation, is insufficient to ensure healthy
indoor air quality in dental clinics. Therefore, ad hoc air
purifiers and lamps must be used in areas where most of
the polluting particles are released.

- Materials used in the prosthetic sector must be modified
to incorporate eco-sustainable particles that are harmless
to human health. The composition of detergents must be
modified as well to prevent the release of particles
polluting the air and settling on furniture surfaces and
ventilation filters.

- Specific guidelines and international reference standards
for indoor pollution in dental practice need to be devel-
oped to limit the harmful health effects caused by long-
term exposure to indoor pollutants. The ultimate goal is
therefore to be fully eco-sustainable for both the environ-
ment and the population, in line with the WHO'’s 2030
goals.

Data Availability Statement

The datasets generated and/or analyzed during the pres-
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qcri.org, accessed on November 14, 2024).
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