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Abstract
Objectives Dental professionals are exposed to large amounts of dust particles during routine treatment and denture process-
ing. This article provides a narrative review to investigate the most prevalent dust-related respiratory diseases among dental 
professionals and to discuss the effects of dental dust on human respiratory health.
Materials and methods A literature search was performed in PubMed/Medline, Web of Science, and Embase for articles 
published between 1990 and 2022. Any articles on the occupational respiratory health effects of dental dust were included.
Results The characterization and toxicity evaluation of dental dust show a correlation between dust exposure and respiratory 
system injury, and the possible pathogenic mechanism of dust is to cause lung injury and abnormal repair processes. The 
combination use of personal protective equipment and particle removal devices can effectively reduce the adverse health 
effects of dust exposure.
Conclusions Dental dust should be considered an additional occupational hazard in dental practice. However, clinical data 
and scientific evidence on this topic are still scarce. Further research is required to quantify dust in the dental work environ-
ment and clarify its pathogenicity and potential toxicological pathways. Nonetheless, the prevention of dust exposure should 
become a consensus among dental practitioners.
Clinical relevance This review provides dental practitioners with a comprehensive understanding and preventive advice on 
respiratory health problems associated with dust exposure.

Keywords Dust · Dental staff · Respiratory tract diseases · Occupational exposure · Protective devices

Introduction

Dental professionals are constantly exposed to a variety 
of specific occupational hazards, including percutane-
ous exposure incidents (PEI), musculoskeletal disorders 
(MSD), contagious diseases, radiation, toxic effects associ-
ated with dental materials, respiratory diseases, and psy-
chological problems [1]. The risk of bacterial and viral 
infections among dental personnel has been the focus of 
relevant research, especially during the coronavirus disease 
2019 (COVID-19) outbreak [2, 3], and related guidelines 
have been developed to prevent occupational exposure [3]. 

However, dental dust, as a pervasive and potential health 
risk, has not attracted widespread attention.

Dust exposure is a well-known hazard to occupational 
health in industrial production. Pneumoconiosis, chronic 
bronchitis, emphysema, dust-related diffuse pulmonary 
fibrosis [4, 5], systemic connective tissue disease [6, 7], and 
even renal dysfunction [4, 5] have been linked to dust inha-
lation. In the daily dental work environment, we frequently 
observe visible dust particles floating around as dental mate-
rials and prostheses are being ground. Although numerous 
efforts have been made to improve the working environment, 
this phenomenon persists (Fig. 1). This inevitably raises con-
cerns about the detrimental effects of dental dust particles 
on practitioners’ health.

The Centers for Disease Control and Prevention (CDC) 
previously issued a report on a group of dental profession-
als, including one dental technician and eight dentists, who 
were diagnosed with idiopathic pulmonary fibrosis (IPF) 
[8]. The etiology of IPF in these dental workers is not fully 
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determined. In addition to viral infection and smoking, the 
authors suspected that occupational exposure to dust may 
be a causative factor. Some studies have shown the negative 
health effects of dental dust through in vitro characterization 
and toxicity tests [9, 10]. Generally, the toxicity of dental 
dust is correlated with the composition of dental materi-
als and the physicochemical characteristics of the particles. 
First, dental dust retains the cytotoxicity of the dental mate-
rial itself. For instance, the main components of porcelain 
dust were confirmed to be Si and O, whose cytotoxicity was 
similar to quartz and greater than that of Vitallium and poly-
methyl methacrylate (PMMA) resin dust [10]. Moreover, 
dimethacrylate monomers are known to be cytotoxic and 
may cause irritation, inflammation, and allergic reactions 
of the oral mucosa [11–13]. It has been shown that compos-
ite dust can continuously release residual monomers in the 
environment [14]. Second, the toxicity of dental dust can be 
caused directly by microparticles and nanoparticles. Their 
physicochemical characteristics, including particle diameter, 
shape, and surface area, are related to toxicity levels. Dust 
particles with small size and large surface area are more 
reactive and deposited deeper in the lungs, causing oxidative 
stress and inflammatory reactions [10].

The latest extensive review on the effects of dental dust 
evaluated the evidence from in vitro simulation and clinical 
studies [15] and indicated that composite dust should be con-
sidered an additional occupational hazard in dental practice. 
Nevertheless, the current research on dental dust is rare, and 
the possible health hazards, pathogenic mechanisms, and 
protective measures still lack detailed elaboration. The aim 
of this study is to perform a literature review to investigate 
the effects of dental dust on human respiratory health and to 
provide some references for dental practitioners.

Materials and methods

For this scoping review, a literature search was performed 
in PubMed/Medline, Web of Science, and Embase. The 
inclusion criteria encompassed articles published in the 

English language from 1990 up to 2022, focusing on the 
occupational health effects of dental dust on the respira-
tory system. The key search terms were divided into three 
parts: (i) Dust (MeSH), related: particles, particulate mat-
ter, dust particles; (ii) Dental Staff (MeSH), related: den-
tist, dental technician, dentistry, dental personnel, dental 
professional, dental assistant; and (iii) Respiratory Tract 
Diseases (MeSH), related: pneumoconiosis, respiratory 
tract neoplasms, respiratory symptoms, idiopathic pul-
monary fibrosis, respiratory disease. The full electronic 
searches are shown in Table 1.

The search strategy identified 574 records. After remov-
ing duplicates, 38 articles were screened based on titles and 
abstracts. Also, a hand search was performed on the refer-
ence lists of all primary sources and eligible studies of this 
integrative review for additional relevant publications. Spe-
cifically, the studies involved case reports and case cohorts 
of respiratory disease in dental personnel and a limited num-
ber of in vitro studies of dental dust. However, the patho-
genic mechanisms and prevention of dental dust are less well 
described. We believe that these two aspects are essential 
for a comprehensive understanding of the hazards of dental 
dust. Similar search procedures were then performed with 
the following search words “dust particles,” “pathogenic 
mechanism,” “health effect,” “personal protective equip-
ment,” and “protective devices.” An additional 37 relevant 
articles have been included. In light of the small number of 
studies on this topic and the heterogeneity among studies, we 
chose a narrative review approach rather than a systematic 
review and meta-analysis.

Based on current surveys and research, we have focused 
on the following four issues:

(1) Common dust-related respiratory diseases among den-
tal professionals.
(2) Dental dust characteristics in the workplace.
(3) Potential pathogenic mechanisms of dental dust on 
the respiratory system.
(4) Effective dust prevention and control methods in the 
dental practice setting.

Fig.1  A large amount of visible 
dust produced by the grind-
ing of dental materials (a). In 
the presence of a high-volume 
evacuator, lots of dust particles 
remain on gloves after grinding 
(b)



1817Clinical Oral Investigations (2023) 27:1815–1829 

1 3

Dust‑related respiratory diseases of dental 
professionals

Dental technicians and dentists are exposed to composite 
dust and droplets every day of their careers. The risks asso-
ciated with a dust-exposed environment, including a num-
ber of irritants, allergens, and potential carcinogens, should 
not be ignored. These airborne hazardous substances may 
contribute to the development of a variety of respiratory 
diseases.

Pneumoconiosis

Pneumoconiosis is the most commonly reported dust-related 
respiratory disease, and it was also the first occupational 
disease identified among dental professionals in 1939 
[16]. Occupational pneumoconiosis is characterized by 

inflammation and fibrosis, and the most common symptoms 
are coughing, shortness of breath, and chest tightness [17]. It 
has been indicated that inhalation of dust containing heavy 
metals (particularly cobalt, chromium, and molybdenum), 
silica, gypsum, methyl methacrylate, and dental alginate 
may contribute to the development of pneumoconiosis in 
dental professionals [18, 19]. Several epidemiological stud-
ies reported a high incidence of pneumoconiosis among den-
tal professionals, ranging from 4.5 to 47% after an average 
exposure time of 12.8 to 28.4 years (Table 2) [20–28].

A Turkey study found that the prevalence of pneumo-
coniosis was 10.1% among 893 dental technicians, and it 
was higher among men and those exposed to sandblasting 
[28]. Another study in Turkey also showed that a high 
proportion of pneumoconiosis patients were dental tech-
nologists. Among 60 patients diagnosed with pneumoco-
niosis between 2013 and 2015, 24 were dental technolo-
gists, comparable to ceramic workers (24 cases) and much 

Table 1  Database search strategy

Database Search Results

PubMed (dust[MeSH Terms] OR dust OR particles OR particulate matter OR dust particles) AND (dental staff[MeSH Terms] 
OR dentist OR dental personnel OR dental technician OR dentistry OR dental professional OR dental assistant) 
AND (Respiratory Tract Diseases[MeSH Terms] OR pneumoconiosis OR respiratory tract neoplasms OR respira-
tory symptoms OR idiopathic pulmonary fibrosis OR Respiratory Diseases)

Filters: English, from 1990 – 2022

332

Web of Science (TS = (dust) OR TS = (particles) OR TS = (particulate matter) OR TS = (dust particles)) AND (TS = (dental staff) 
OR TS = (dentist) OR TS = (dental technician) OR TS = (dentistry) OR TS = (dental professional) OR TS = (dental 
assistant) OR TS = (dental personnel)) AND (TS = (Respiratory Tract Diseases) OR TS = (pneumoconiosis) OR 
TS = (respiratory tract neoplasms) OR TS = (respiratory symptoms) OR TS = (idiopathic pulmonary fibrosis) OR 
TS = (Respiratory Diseases) OR TS = ( respiratory illness)) and English (Languages) and 1990–2022(Publication 
Years)

124

Embase (‘dust’/exp OR ‘dust exposure’/exp OR ‘respirable particulate matter’/exp) AND (‘dental personnel’/exp OR ‘dental 
staff’/exp OR (‘dentistry’/exp OR dentistry) OR (dental AND technician) OR (dental AND assistant)) AND 
(‘respiratory tract disease’/exp OR pneumoconiosis OR ‘respiratory tract tumor’ OR ‘respiratory symptoms’ OR 
‘fibrosing alveolitis’)

118

Table 2  Incidence of 
pneumoconiosis among dental 
professionals [20–28]

Abbreviations: NA, not available

Reference Dataset Size Gender Age (years) Prevalence (%) Work-
ing time 
(years)Female Male

Rom 1984 [20] 178 146 32 35.9 4.5 12.8
Sherson 1988 [21] 31 18 13 42.1 19.4 NA
Choudat 1993 [22] 105 NA NA 47.2 11.8 28.4
Selden 1995 [23] 37 34 3 43 16 NA
Froudarakis 1999 [24] 51 45 6 38.5 ± 10.4 9.8 18.6
Radi 2002 [25] 134 92 42 36.6 12.3 16.5
Cimrin 2009 [26] 140 NA NA 28.1 ± 8.3 23.6 12.1 ± 9
Doğan 2005 [27] 36 NA NA 29.3 ± 7.7 13.8 14
Doğan 2013 [27] 19 19 0 36.5 47 20.4
Ergün 2014 [28] 893 726 167 34.7 ± 8.5 10.1 NA
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higher than miners (3 cases) and marble cutters (3 cases) 
[29]. This indicates that dental technicians are at high risk 
of developing pneumoconiosis. Additionally, Dogan et al. 
performed a longitudinal study and found that the preva-
lence of pneumoconiosis increased from 13.8% (5/36) to 
47.0% (9/19) among 36 dental technicians at the end of a 
7-year follow-up [27]. However, 17 patients were lost dur-
ing the follow-up period, and there was no control group in 
this cohort study. Thus, the large increase in prevalence in 
the study over 7 years needs to be interpreted with caution.

The disparities in the incidence of pneumoconiosis 
observed in the current studies may be attributable to the 
differences in occupational exposure duration and pneu-
moconiosis diagnostic criteria. In addition, the ventila-
tion of the working environment and the level of personal 
protection awareness of dental professionals vary among 
different countries and dental offices. In general, pneumo-
coniosis is a significant occupational disease among dental 
professionals that requires attention.

Respiratory symptoms

Long-term exposure to dental dust is likely to trigger a 
variety of respiratory symptoms, including cough, nasal 
symptoms (runny nose or blocked or sneezing), pharyn-
gitis, dyspnea, and hoarseness. Stoeva et al. conducted 
cross-sectional research among 4,675 dentists and found 
a 20.7% prevalence of work-related respiratory symptoms, 
which were associated with a lengthy period of employ-
ment, a history of atopic illness, and the female gender 
[30]. And a Finnish study reported that the prevalence 
of occupational-related respiratory symptoms among 
orthodontists (n = 141) and general dental practitioners 
(n = 208) was 28% and 18%, respectively [31]. The higher 
prevalence among orthodontists may be due to their fre-
quent exposure to inhalable particles during orthodontic 
bracket debonding.

Additionally, it is reported that dental practitioners have 
a high rate of occupational respiratory allergies. They are 
constantly exposed to various airborne allergens and irritants 
in the workplace, such as disinfectants, methacrylates, and 
natural rubber latex (NRL) proteins [32]. Piirilä et al. and 
Lindström et al. reported occupational respiratory hyper-
sensitivity caused by methacrylates among dental person-
nel [33, 34]. Common symptoms observed in these cases 
included occupational asthma, rhinitis, conjunctivitis, and 
laryngitis. Boudinar et al. assessed the occupation-related 
allergies of 584 French dentists through a self-administered 
questionnaire and found that 50.3% of the participants had 
allergies and 13.4% had occupational allergies [35]. Unfor-
tunately, dental professionals are often unaware of the aller-
genic potential of dental materials and lack vigilance.

Respiratory cancer

The grinding of metal restorations produces a certain 
amount of heavy metal dust, in which beryllium and nickel 
compounds are classified as group 1 (carcinogenic), while 
metallic nickel, cobalt, and chromium [iii] are classified 
as group 2B (possibly carcinogenic) by the IARC [36]. In 
addition, exposure to asbestos fibers (commonly used as 
periodontal dressing binders) is assumed to be a risk fac-
tor for developing malignant mesothelioma. Reid et al. [37] 
reported the first case of asbestos-related malignant pleu-
ral mesothelioma in a dental clinic in 1991. Another recent 
study documented two more cases of mesothelioma in dental 
practitioners, which may be associated with occupational 
asbestos exposure [38].

Currently, the association between dental dust exposure 
and respiratory cancer remains controversial. A compre-
hensive review in 2021 [39] assessed the risk of asbestos 
exposure in dentistry and concluded that the use of asbestos-
containing casting ring liners and/or periodontal dressing 
powder was not anticipated to increase asbestos-related 
disease risk. A Swedish study [40] discovered that the risk 
of lung cancer among dentists was comparable to that of 
the general population. This is consistent with the findings 
of another retrospective cohort study [41] that showed no 
statistically significant increase in the risk of lung cancer 
among Japanese male dentists. One possible explanation for 
this result is that dentists are exposed to relatively low levels 
of these carcinogens.

In order to define the role of dust exposure in the develop-
ment of respiratory diseases, it is necessary to quantify the 
dust in the dental environment and explore its characteris-
tics, pathogenicity, and potential pathogenic mechanisms.

Characteristics of dental dust

Dust is typically defined as airborne solid particles in a size 
range of 1 to 100 μm [42]. In the dental practice environ-
ment, dust is continuously generated during the processes 
of removing old restorations, grinding and polishing den-
tal materials, and orthodontic bracket debonding [15]. The 
pathogenicity of dental dust in the respiratory system may be 
affected by its physicochemical characteristics, such as par-
ticle size, shape, concentration, and the presence or absence 
of nanoparticle release.

Size and shape

Particle size distribution and shape are critical parameters 
for evaluating the hazard of dental dust because they directly 
affect particle deposition in the respiratory tract. In occupa-
tional hygiene, aerodynamic diameter is typically used to 
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describe particle size. And only dust particles with a smaller 
diameter can float in the air for an extended period, posing a 
significant risk to the respiratory system when continuously 
inhaled. Generally, particles with an aerodynamic diameter 
of 10 μm or less are inhalable and deposited in the upper 
respiratory tract. Those with aerodynamic diameters of less 
than 5 μm are considered respirable dust because they can 
reach the deep regions of the lungs [43].

A certain amount of evidence showed the generation of 
respirable dust during dental restorative procedures. Ilic 
et al. [44] used two different methodologies (laser diffrac-
tion and image analysis based on scanning electron micros-
copy) to characterize particles in dental laboratories. The 
measured particle size distribution indicated that almost 
all particles were respirable, with aerodynamic diameters 
ranging from 0.4–2 μm. Van Landuyt et al. [45] obtained 
comparable results in the laboratory by grinding composite 
blocks or rods to simulate routine prosthodontic practice and 
found that all composites produced respirable dust (< 5 μm) 
in vitro. Camassa et al. [9] characterized the collected grind-
ing dust particles with scanning electron microscopy (SEM) 
and found that more than 80% of the particles had a mini-
mum Feret diameter of less than 1 μm, which also meant that 
dental professionals were exposed to a substantial amount 
of respirable dust.

In addition to restorative dentistry, orthodontic treatment 
can generate inhalable dust. Brackets are bonded to the 
teeth using an orthodontic composite material and removed 
at the end of treatment. According to a number of studies 
[46–50], composite dust is typically produced during the 
enamel cleaning phase of orthodontic bracket debonding. 
These studies analyzed the effects of different speeds of the 
handpiece, cooling methods, curing procedures, and types of 
orthodontic brackets on particle production. Johnston et al. 
[49] found that using a high-speed handpiece with water 
cooling produced a higher particle concentration than using 
a slow-speed handpiece without water cooling. And these 
particles were all fully inhalable or respirable, with aerody-
namic diameters of 4.24–10.5 μm. Gioka et al. [48] demon-
strated that the size of particles produced by grinding chemi-
cally cured non-mixed orthodontic resin was much larger 
than that produced by light-cured adhesive resin. And Vig 
et al. [50] found no obvious difference in particle concentra-
tions between conventional ceramic brackets and flash-free 
adhesive-coated brackets.

The shape of the particles can also affect their deposition 
in the respiratory tract. It was found that the total deposition 
amount of non-spherical particles, including micron-sized 
fibers and submicron-sized oblate disks, was appreciably 
higher than that of ideal spherical-shaped particles [51]. This 
is probably because spherical particles have less resistance 
in the air and settle faster, whereas non-spherical particles 
settle more slowly and have a longer suspension time. Wang 

et al. [10] observed the surface morphologies of three dental 
restorative materials before and after fine grinding (Fig. 2). 
The results suggested that the size and shape of PMMA 
grinding particles varied substantially. Particles from the 
porcelain group were cube-shaped with sharp edges, while 
those from the Vitallium group were sheet-like with irregu-
lar edges. Another study analyzed the elongation, roundness, 
and convexity of dental respirable dust [44], and indicated 
that smaller particles were more regular in shape than bigger 
particles. So far, there has been little discussion about the 
shape of dental composite dust, as shape remains one of the 
most difficult attributes to characterize and quantify.

Release of nanoparticles

Dentistry is one of the most widely used fields of nano-
technology. And nanoscience research involves material 
scales ranging from 1 to 100 nm [52]. Due to their unique 
physical and chemical properties, nanoparticles are utilized 
in a wide range of dental materials, including dental com-
posites, orthodontic adhesives, and root canal sealants. The 
incorporation of nanofillers into these materials enhances 
their physical, mechanical, and esthetic properties. For 
instance, dentures made of nanoceramic materials exhibit 
high hardness and strength, excellent corrosion resistance, 
and translucency [53]. Additionally, nanofillers can be added 
to polymethyl methacrylate (PMMA) in prosthodontics to 
significantly improve the transverse strength, surface hard-
ness, and biological compatibility of the material and reduce 
its water sorption and solubility [54]. Furthermore, some 
nanofillers, such as  TiO2 nanoparticles, can improve anti-
bacterial properties without affecting the physical properties 
of the materials [55].

Despite the numerous benefits of nanocomposites, the 
release of nanoparticles during material grinding cannot 
be ignored, as nanoparticles are more hazardous to human 
health than larger particulate matter [56]. On the one hand, 
the small size of the nanoparticles enables them to be more 
efficiently deposited in the lungs, resulting in higher bio-
persistence [57]. The surface area of inhaled nanoparti-
cles, on the other hand, stimulates the generation of free 
radicals, which leads to oxidative stress and inflammatory 
reactions [58]. In addition, there is evidence that nano-
particles can translocate into the bloodstream or get into 
the brain through the olfactory epithelium [56, 59, 60]. 
Several studies have monitored the release of nanoparticles 
from dental nanocomposites, but the conclusions regard-
ing the origin of the nanoparticles are inconsistent [9, 
45, 61, 62]. Van Landuyt et al. first confirmed the release 
of nanoparticles during the polishing of dental compos-
ites and hypothesized that they originated from single 
nanofiller particles [45, 61]. Bradna et al. held different 
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opinions on the source of nanoparticles [62]. They dis-
covered that the size and content of filler particles had no 
effect on nanoparticle release but that diamond grain size 
and drilling speed did. The released nanoparticles might 
be the result of the thermal decomposition of the compos-
ite polymer matrix under the action of friction heat rather 
than of the filler nanoparticles. Camassa et al. [9] also 
believed that nanoparticles were produced by the thermal 
decomposition of the matrix and found that the concen-
tration of ultra-fine particles produced by coarse and fine 
diamond drills operating at the same speed was identical, 
suggesting that the grinding speed may be an influencing 
factor. As the grinding speed increases, the process will 
generate more heat and thus release more nanoparticles. 
Based on the current viewpoint, it has been proposed that 
water cooling during grinding operations may trap nano-
particles within larger water droplets, thereby reducing the 
hazard by increasing particle size [45]. However, it should 
be taken into account that water cooling produces signifi-
cant aerosols in the dental environment, which raises the 
risk of pathogen transmission.

Particle concentrations

High concentrations of dust particles released by dental clin-
ics have a detrimental effect on indoor air quality, which 
may impair the respiratory function of patients and medical 
personnel and influence the occurrence and progression of 
dust-related diseases [63]. Researchers measured the daily 
PM10 (particulate matter < 10 μm) concentrations in several 
dental clinics and discovered that on the majority of days, 
the concentration values exceeded the Directive 1999/30/EC 
recommended limit of 50 μg/m3 [64]. And the increased con-
centration of particles is closely related to dental operations 
[65–67]. During working hours, the nanoparticle concentra-
tions in dental laboratories and offices were significantly 
greater than during non-working hours [68]. Bernard et al. 
[65] discovered that a substantial number of sub-micrometer 
and super-micrometer PM particles were generated during 
dental treatment, and their average mass concentrations were 
3.8 and 6.5 times higher than those during the unoccupied 
period, respectively. Sotiriou et al. [66] demonstrated that 
dental drilling treatments increased particle concentrations, 
with the majority of particles being less than 0.5 μm in size. 

Fig.2  Surface morphologies of dental dust. Scanning electron 
microscopy images of dental prosthesis grinding dust: PMMA (a), 
finely ground PMMA (b), Vitallium (c), finely ground Vitallium 

(d), porcelain (e), finely ground porcelain (f), and their composition: 
PMMA (g). Vitallium (h), porcelain (i). Reprinted with permission 
from ref. 10. Copyright (2020) Springer Nature
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And in the worst-case scenario of continuous high-speed 
drilling in a closed office without a protective device, it takes 
95 min for the concentration of particles smaller than 0.5 μm 
to revert to background levels [67]. It can be speculated that 
dentists are exposed to excessive amounts of submicron par-
ticles and nanoparticles for extended periods.

The concentration of dust particles is not only a reflection 
of indoor air quality but also closely related to pathogenic-
ity. Recent in vitro studies found that dental composite dust 
was toxic to cells and that the toxicity was concentration-
dependent. Cokic et al. [69] evaluated the toxicity of whole 
composite dust fractions on human bronchial epithelial 
cells and found that non-specific biological effects such as 

decreased metabolic activity and pro-inflammatory IL-6 
generation were observed only at sufficiently high concen-
trations of composite dust. In their follow-up study [70], the 
respirable fraction of the composite dust was collected and 
showed cytotoxic effects at the highest concentrations and 
mild genotoxicity at subtoxic concentrations (Fig. 3). Addi-
tionally, some researchers discovered that dental composite 
dust induced toxic effects on human bronchial epithelial 
cells HBEC-3KT in vitro after high doses and long-term 
exposures [9]. Wang et al. discovered that denture grind-
ing dust was cytotoxic to RAW264.7 macrophages, and the 
release of reactive oxygen species and lactate dehydrogenase 
increased with time and concentration [10].

Fig.3  Cytotoxic effect of the respirable fraction of composite dust 
on human bronchial epithelial cells. Effects on the metabolic activity 
were analyzed by the WST-1 assay after 24 h (a) and 72 h (b) expo-

sure, and effects on cell membrane integrity were determined by the 
LDH assay after 24  h (c) and 72  h (d). Reprinted with permission 
from ref. 70. Copyright (2020) Elsevier
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It is essential to note that the simulated concentrations of 
dental dust in these studies do not accurately reflect actual 
exposure levels. The composition of the measured particles 
may be biased, especially in dental procedures combining 
water sprays and compressed air. Emitted water droplets, 
aerosolized saliva, and blood may be measured as solid par-
ticles in the air, which can affect the accuracy of the results. 
Therefore, dust concentration measurements in dental 
offices require further improvements, which are critical for 
determining the health risks associated with airborne dust, 
developing new dust prevention and control technologies, 
and evaluating the effectiveness of existing dust control 
measures.

Pathogenic mechanisms of dental dust

Inhalation is the primary route for the respiratory system to 
contact dust particles. To clarify the pathogenesis of dust-
related respiratory diseases, it is important to understand the 
deposition and subsequent fate of dust particles, which are 
associated with the size and shape of the particles, as previ-
ously discussed in this study. Respirable dust, as well as nan-
oparticles, is deposited deeper in the respiratory system due 
to their small size. When dust particles settle in the alveolar 
area, they may cause chronic inflammation, epithelial dam-
age, and further pulmonary fibrosis. According to the current 
literature, the pathogenic mechanisms of dust in the alveolar 
region can be reflected in two ways: causing lung injury and 
interfering with the normal repair process (Fig. 4).

Lung injury

Inhalation and deposition of dust particles cause oxidative 
stress and inflammatory reactions in affected areas, lead-
ing to lung injury [71]. Many researchers have established 
a link between oxidative stress and the pathogenesis of res-
piratory diseases, including COPD, asthma, and pulmonary 
fibrosis [72, 73]. When dust particles are deposited in the 
lung, reactive oxygen species (ROS), including superoxide 
anions, hydroxyl radicals, and hydrogen peroxide, among 
others, can be generated at the surface of the dust particles 
or by phagocytic cells [74]. These extremely reactive radi-
cals react rapidly with biological macromolecules such as 
lipids, proteins, and DNA, causing structural and functional 
damage to the cell. When alveolar macrophages phagocy-
tose dust particles, the induced oxidative stress will ulti-
mately lead to the disintegration and death of the cells, and 
the particles released are then phagocytosed by other mac-
rophages, forming a vicious cycle of continuous exposure 
to dust particles. Meanwhile, dust particles can activate spe-
cific molecular signals linked with oxidative stress, such as 
nuclear factor κB (NF-κB), nuclear factor erythroid 2 related 

factor 2 (Nrf2), mitogen-activated protein kinase (MAPK), 
and activator protein-1 (AP-1) [75]. During oxidative stress, 
NF-κB is activated in inflammatory cells and epithelial cells, 
resulting in the expression of numerous pro-inflammatory 
genes. A number of inflammatory and immunological genes 
are regulated by AP-1 in oxidant-mediated illnesses, and the 
MAPK family can also be susceptible to direct or indirect 
alterations by redox changes [76]. Nrf2 is an important tran-
scription factor that regulates the cellular oxidative stress 
response. It has been demonstrated that PM10 induces oxi-
dative damage due to the inhibition of the Nrf2-antioxidant 
signaling pathway [77].

Dust particles also stimulate macrophages and epithelial 
cells to release large amounts of pro-inflammatory cytokines, 
such as interleukin (IL)-1, IL-6, IL-8, tumor necrosis factor 
(TNF)-α, monocyte chemotactic protein (MCP)-1, and gran-
ulocyte–macrophage colony-stimulating factor (GM-CSF) 
[78]. These cytokines can induce the obvious recruitment 
of inflammatory cells to the alveolar wall and epithelium. 
Toxic mediators and hydrolases released by inflammatory 
cells compromise the integrity of the epithelium and con-
tribute to tissue injury.

In addition to causing direct injury, dust particles may 
also lead to a reduction in mucociliary clearance. Yu et al. 
demonstrated that silica particles impaired mucociliary 
clearance by causing ultrastructural defects in airway cilia, 
overproduction of mucus, and alteration of MUC5B expres-
sion in the trachea [79]. As a result, toxic particles cannot 
be removed from the lungs by phagocytosis or mucociliary 
clearance, leading to continuous exposure to dust particles.

Abnormal injury/repair process

In response to lung injury induced by chronic inflammation 
and oxidative stress, epithelial cells initiate injury/repair 
processes that include mesenchymal cell recruitment and 
activation, myofibroblast secretion of extracellular matrix, 
re-epithelialization, and restoration of normal lung structure. 
All of these processes are tightly regulated by the interac-
tions of various signaling pathways in the cells.

Continuous dust exposure activates cytokine/growth 
factor cascades, resulting in epithelial cell dysfunction and 
abnormal injury/repair processes [80]. Recent research 
showed that dust particle exposure induced macrophages and 
epithelial cells to secrete a large number of fibrogenic factors 
[81, 82]. Transforming growth factor (TGF-β1), a critical 
cytokine in the pathogenesis of pulmonary fibrosis, not only 
promotes epithelial-mesenchymal transformation but also 
signals to fibroblasts from the alveolar septum, converting 
them to myofibroblasts [83]. The myofibroblast is described 
as the classic pathological fibroblast phenotype in IPF lungs 
due to its ability to secrete an excessive amount of extracel-
lular matrix [84]. Another cytokine produced by epithelial 
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cells is platelet-derived growth factor (PDGF), which pro-
motes fibroblast proliferation and ultimately results in lung 
fibrosis [85]. Simultaneously, dust particles can induce the 
release of interleukin-1 (IL-1) and tumor necrosis factor 
(TNF-α) by macrophages and epithelial cells, thereby pro-
moting the expression of pro-fibrotic growth factors and their 
receptors [86]. TNF-α stimulates the production of TGF-
β1, and IL-1β increases the expression of PDGF-AA and 
its receptor, PDGF receptor-α (PDGFR-α) [87, 88]. Activa-
tion of these pro-fibrosis factors results in abnormal injury/
repair processes, such as alveolar epithelial-mesenchymal 

cell transformation, pathological fibroblast differentiation, 
and abnormal extracellular matrix deposition, which all con-
tribute to the progression of pulmonary fibrosis.

Dust control

Dental dust particles should be considered an occupational 
hazard due to their potential pathogenicity after inhala-
tion into the respiratory system. Dental professionals must 
strengthen the prevention consciousness of dust exposure 
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and take effective protective measures to reduce the hazards 
of dental dust. This paper recommends the use of personal 
protective equipment and dust particle removal devices to 
protect dental professionals from the adverse effects of dust 
exposure.

Personal protective equipment (PPE)

Personal protective equipment, such as masks, face shields, 
gloves, and goggles, is one of the most basic precautions for 
dental professionals. These physical barriers can help limit 
direct exposure to dust particles.

Masks, the most common type of PPE, are classified into 
two categories: surgical masks and respiratory masks. The 
effectiveness of these masks is determined by their filtering 
capacity and structure [89]. A surgical mask is a disposable, 
loose-fitting mask that filters out approximately 80% of par-
ticles. An N95/FFP2 respirator is designed to fit tightly to 
the face and has a multi-layer polypropylene structure and 
electrostatic charges, providing a 95% filtering capacity for 
particles with a diameter of 0.3 μm [90]. Thus, respiratory 
masks offer superior protection to surgical masks in terms of 
material filtration and facial fit and are recommended for use 
when exposed to dust. Additionally, it is critical to ensure a 
proper fit and seal with the skin when wearing the mask and 
to avoid direct contact with the exterior of the mask when 
removing it.

Gloves are recognized as the second most common type 
of PPE [91]. They protect the dentists’ skin from potentially 
harmful substances and prevent cross-contamination dur-
ing dental treatment, and the protective effect depends on 
the material of the gloves. Latex gloves have been routinely 
used in the dental profession, but they may cause allergic 
reactions, and a patch test is recommended prior to use. In 
contrast, nitrile and synthetic rubber gloves are safer and 
more durable and have been reported to provide the longest 
protection against methacrylate monomers [92]. In addi-
tion, goggles can be used to protect users from exposure to 
small-sized particles via the ocular pathways [93]. And the 
face shield is recommended to be used only as an accessory 
to other personal protective equipment [94]. Although the 
Centers for Disease Control and Prevention (CDC) recom-
mends that dental workers wear face shields, there are also 
studies indicate that face shields are ineffective at preventing 
dental aerosol exposure [95].

Particle removal devices

A high-volume evacuator (HVE) is one type of suction 
device that draws a large volume of air over a period of time 
and reduces the exposure of patients and dental workers to 
airborne particles [96]. The use of HVE has been shown to 
eliminate the turbulent vortex in highly polluted areas near 

the mask and respiratory areas of dental professionals [97]. 
However, during restorative dentistry, HVE usually needs 
assistant cooperation and may obstruct the vision field of 
the operator.

Extraoral suction units (ESU) are high-airflow vacuum 
systems that can effectively reduce the concentration of par-
ticles between the patient’s mouth and the dentist’s eye level 
during dental treatment [98, 99]. Chavis et al. detected less 
spatter when the ESU was set to level 10 and placed 4 inches 
from the simulated patient’s mouth [98]. The advantage of 
ESU over HVE is that it does not require the cooperation of 
an assistant. In practical applications, the combination of 
HVE and ESU has proven to be more effective than HVE 
alone [95]. This is consistent with the finding of another 
study that HVE combined with ESU was superior to a saliva 
ejector alone or a combination of a saliva ejector and HVE 
for reducing aerosols and water droplets [100]. However, 
the use of these filtration devices inevitably presents some 
noise issues [101].

Ultraviolet (UV) treatment in the ventilation system and 
high-efficiency particulate air filters (HEPA) can effectively 
reduce the particles in the air [96]. HEPA can theoretically 
remove at least 99.97% of the airborne particles with a size 
of 0.3 μm, while the use of UV chambers in the ventila-
tion system improves air quality and reduces irritants in 
the air. Nonetheless, these devices have some limitations. 
On the one hand, they are only effective if the particles are 
already present in the room’s air, and the removal procedure 
is time-consuming. On the other hand, the installation of 
these devices in the ventilation system requires engineer-
ing modifications, which are too expensive for most dental 
clinics.

Additionally, protective devices such as chairside acrylic 
adjustment cabinets and the X-Dent Box are available for 
specific needs such as extra-oral trimming and polishing 
dental prostheses [102, 103]. The chairside acrylic adjust-
ment cabinet can collect acrylic fragments during prosthetic 
adjustment and shorten the time for aerosol to return to base-
line levels [102], while the X-dent Box collects 65–90% of 
dust particles smaller than 5 μm [103].

It should be emphasized that no single piece of equipment 
or device can completely eliminate the risk of dust particles, 
and practitioners cannot rely solely on a single preventative 
measure. Consequently, it is strongly recommended that dental 
professionals wear PPE and cooperate with the use of ESUs 
and HVEs during procedures. In the case of extra-oral grinding 
and polishing dentures, the X-Dent Box and chairside acrylic 
adjustment cabinet can be used to collect additional harm-
ful particles. If conditions permit, the use of HEPA and UV 
chambers in the ventilation system is encouraged. And it is 
necessary to strengthen the prevention awareness of practi-
tioners. Dental professionals always ignore the adverse effects 
of dust because dust-related diseases tend to develop slowly 
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[104]. They should be informed of the potential health haz-
ards of dental dust in their daily work and the importance of 
prevention, and regular occupational health examinations 
should be conducted to facilitate early diagnosis and effective 
intervention.

Protective measures under the COVID‑19 pandemic

As the COVID-19 pandemic has brought us to a new normal in 
dental practice, the need to comply with rigorous public health 
measures is more urgent than ever. Due to the nature of dental 
work and face-to-face interactions, dentists are considered to 
be at the highest risk of contracting COVID-19, much higher 
than nurses and general physicians [105]. During dental pro-
cedures, viruses can be transmitted via droplets or aerosols, 
and they can remain infectious on hands, objects, and surfaces 
for an extended period of time [106]. Therefore, protection for 
dental personnel is of utmost importance, and experts have 
come up with many practical guidelines for COVID-19 pre-
vention [2, 3]. The recommended PPE consists of N95/FFP2 
respirators, eye protection (goggles or procedure masks with 
a face shield), gowns, and gloves. In addition, the CDC rec-
ommends that engineering controls should be considered to 
properly maintain the ventilation system [3]. HEPA air filtra-
tion is recommended to improve ventilation and air cleaning, 
and ultraviolet germicidal irradiation (UVGI) in upper rooms 
is applied as a supplement to enhance air sterilization. These 
recommended PPE and engineering controls are also effec-
tive measures we have mentioned above for reducing dental 
dust exposure, indicating that these higher levels of protective 
measures have general applicability for reducing dental related 
occupational exposures. When dental practitioners take these 
protective measures against COVID-19, their exposure risk to 
dental dust is consequently reduced.

Given the shortage of resources in the world today, it 
has been suggested that the use of higher levels of protec-
tion should be contingent on the spread of COVID-19 in the 
community [107]. When transmission rates are low or pan-
demics are mitigated, these measures would be a waste of 
resources and place an additional burden on resource-limited 
countries. Nevertheless, we insist that dental staff should 
be fully outfitted with basic PPE, including high-standard 
N95/FFP2 respirators, eye protection, robes, and gloves. 
Dental professionals should remain vigilant at all times and 
adequately protect against the risks of occupational exposure 
in the dental setting.

Limitations

The health effect of dental dust has not caused extensive 
concern. Due to the limited number of current studies and 
the heterogeneity among them, we did not apply appraisal 

tools to evaluate the quality of the included evidence, and 
only performed a qualitative analysis of dust hazards in this 
narrative review. There is still some important work to be 
done on dental dust in the further.

The first is to quantify the actual dust exposure of dental 
personnel. Not all of the dust particles that enter the respira-
tory tract are deposited in the lungs, and some of them are 
exhaled. The amount of dental dust in the environment may 
not reflect the actual level of exposure and cumulation. In 
order to determine the true exposure dose, comprehensive 
studies are needed to investigate the relationship between 
dental dust characterization and respiratory deposition. In 
addition, future research should include routine real-time 
monitoring of dental dust, which will provide valuable infor-
mation to clarify the association between dental dust and the 
development of respiratory tract diseases in dental profes-
sionals. Current dust monitoring equipment only analyzes 
the overall concentration of particulate matter and cannot 
describe the dust components and their respective propor-
tions. Consequently, the development of new instruments 
and devices to quantify dust concentration and composition 
will be key to evaluating dental dust exposure.

The second is to conduct dust toxicology research at the 
level of tissues, organs, and living animals. Current stud-
ies on the toxicity of dental dust are restricted to in vitro 
cellular studies. To examine the effect of dental dust at the 
organ level, the lung-on-a-chip model can be used [108]. The 
device can predict the absorption of dental dust and gauge 
potential changes in lung function by measuring surfactant 
production and the permeability of the alveolar barrier. Also, 
it is necessary to establish a unified animal model for sys-
tematic qualitative and quantitative analysis, so as to provide 
a theoretical basis for further research on the pathogenic 
mechanisms of dental dust and clinical dust prevention.

Conclusion

Within the limitations of the present review, dust exposure is 
a potential risk factor for respiratory disease in dental profes-
sionals. Nevertheless, the scientific evidence from the eligi-
ble studies is not enough to draw a clear conclusion. More 
well-designed studies are needed in the future to carefully 
elucidate the hazards of dental dust and identify effective 
strategies for reducing dust exposure. Furthermore, dental 
personnel should keep alert for occupational dust hazards 
and strengthen awareness of prevention in daily work.
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