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Objective. The project aims to evaluate whether inhalation of particles released upon grinding

of  dental composites may pose a health hazard to dentists. The main objective of the study

was to characterize the dust from polymer-based dental composites ground with different

grain sized burs and investigate particle uptake and the potential cytotoxic effects in human

bronchial cells.

Methods. Polymerized blocks of two dental composites, FiltekTM Z250 and FiltekTM Z500 from

3MTM ESPE, were ground with super coarse (black) and fine (red) burs inside a glass chamber.

Ultrafine airborne dust concentration and particle size distribution was measured real-

time during grinding with a scanning mobility particle sizer (SMPS). Filter-collected airborne

particles were characterized with dynamic light scattering (DLS) and scanning electron

microscopy (SEM).

Human bronchial epithelial cells (HBEC-3KT) were exposed to the dusts in dose-effect

experiments. Toxicity was measured with lactate dehydrogenase (LDH) assay and cell count-

ing kit-8 (CCK8). Cellular uptake was observed with transmission electron microscopy (TEM).

Results. Airborne ultrafine particles showed that most particles were in the size range 15−35

nm (SMPS). SEM analysis proved that more than 80% of the particles have a minimum Feret

diameter less than 1 �m. In solution (DLS), the particles have larger diameters and tend to
agglomerate. Cell toxicity (LDH, CCK8) is shown after 48 h and 72 h exposure times and at
the  highest doses. TEM sh
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1.  Introduction

Polymer based dental composites are now the most widely
used material in restorative dentistry. They consist of inor-
ganic filler particles, organic polymer matrix made of different
methacrylate resins and a coupling agent binding the inor-
ganic filler to the polymer matrix [1]. In the drive to develop
superior dental composite materials, the unique properties
of nanomaterials is certainly attractive. Dental composite
materials contain a mixture of micro- and nanosized par-
ticles [2]. Nanoparticles are added mainly to increase filler
load and thereby increase mechanical strength, diminish wear
and reduce polymerization shrinkage of the composite [3].
Nanoparticles can also provide desired aesthetic properties to
the material [4–6]. Hence, the use of nanoparticles in these
materials have increased in the last decade. In addition to
high levels of nanosized silica fillers, dental composites con-
tain mixtures of other elements that increase radiopacity such
as barium and aluminium [3,7].

As the use of dental composites in dentistry is increasing,
there is a concern that dentists and other dental health work-
ers may be exposed to nanoparticles released from materials,
as well as nanoparticles generated during removal of fillings
with burs and during polishing. The health risks associated
with such exposure in the dental setting is not fully elucidated.

Studies have reported that particles of various sizes,
including nanoparticles, are generated in high number con-
centrations, >106 cm3, during procedures such as high speed
grinding of dental composites [8,9]. Whether nanofillers are
released upon the grinding of dental composites is, however,
still unclear [10].

Van Landuyt et al. [8,9] identified the release of single
nanofiller particles, while Bogdan et al. [11] mostly observed
organic nanoparticles originating from thermal decomposi-
tion of the resin matrix. In a study by Bradna Pavel et al., the
bur coarseness and the bur speed was varied. No increase in
particle concentration above background levels were observed
when a fine diamond bur was used at 15 000 rpm compared
to coarser burs used at higher speed (100 000 rpm) [12].

Knowledge regarding indoor air quality in dental clin-
ics from a chemical perspective are still scares. It has been
shown that dental drilling procedures may cause an increase
in particle concentrations in the dental office, and that the
concentration was highest for particles under 0.5 �m [13]. A
study from Helmis et al. performed in several university clin-
ics found that on most days, the daily concentration values of
particulate matter <10 �m (PM10) exceeded the limit of 50 �g
m−3 described by the Directive 1999/30/EC [14–17]. Factors that
influence the particle concentrations during different clinical
procedures are the use of water spray and ventilation in the
room [18].

Dental health workers can potentially be exposed to haz-
ardous dust or particles [19] and methacrylate resin vapour
[20,21] where inhalation and skin exposure to some of these
materials might increase the risk of work-related illness and
occupational diseases [22–24]. An extensive literature review

on occupational health problems in modern dentistry from
Australia, suggests that a variety of health hazards as percuta-
neous exposure incidents (PEI), exposure to infectious agents,
 ( 2 0 2 1 ) 1121–1133

including bioareosol, respiratory hypersensivity, are found in
dental practises [25].

The characteristics of particles including size and chem-
ical composition may affect their toxicity. It is known that
the smallest particles (i.e. nanoparticles) are accumulated in
deeper parts of the respiratory system. Depending on parti-
cle size, most of the nanoparticles (<100 nm)  are found in the
alveolar region of the lungs [26]. Once in the alveolar region
they may cause local pulmonary inflammatory reactions or
translocate into circulation [27–29]. An in vitro study from
Ansteinsson et al., showed that commonly used inorganic
filler particles in dental composites released during dental
restoration, could potentially trigger and maintain inflamma-
tory reactions mediated by pro-inflammatory interleukin IL-6
and chemoattractant IL-8 [29].

The main objective of this study was to perform an in-depth
characterization of the dust with regards to size distribution
and morphology of particles generated from two  polymerized
composites upon grinding with burs with different grain sizes,
and while keeping the speed of the bur constant. The collected
particles was used further to investigate the particle uptake
and the potential cytotoxic effects on human bronchial cells.

2.  Materials  and  methods

2.1.  Dental  composites

Two commercially available and commonly used dental com-
posites were used in this study and are described by the
manufacturer as follows: FiltekTM Z250 and Filtek Z500TM by
3 MTM ESPETM. The FiltekTM Z250 is a microhybrid contain-
ing zirconia/silica fillers (0.01–3.5 �m diameter) loaded to 60
vol.%. FiltekTM Z250 restorative contains BIS-GMA, UDMA,
and BIS-EMA resins. FiltekTM Z500 is a nanohybrid contain-
ing a combination of aggregated 5−20 nm zirconia/silica fillers
(so-called nanoclusters with average diameter 0.6–1.4 �m)  and
non-aggregated 20 nm silica filler (Fig. 1). The inorganic filler
loading is about 78.5% by wt (59.5% by volume). FiltekTM Z500
restorative contains bis-GMA, UDMA, TEGDMA, and bis-EMA
resins. More  information on the dental material can be found
in the technical profile of 3 MTM ESPETM FiltekTM Z250 and
Z500TM Universal Restorative materials (3 M ESPE FiltekTM

Z250 and Z500 Universal restorative).

2.2.  Dental  composites  dust  preparation  and  collection

For each composite, specimens of 2 mm × 2 mm × 25 mm
were prepared in molds of stainless steel and light cured for
three times 20 s on two side using Bluephase 20i (Ivoclar
Vivadent) with and irradiance claimed by the manufacturer of
1200 mW/cm2. The weight of each block was approximately
0.2 g and the blocks were weighed before and after grind-
ing to determine the amount of material ground. The blocks
were ground inside of a chamber with hands aperture with
black (super coarse, grain size 181 �m)  and red (fine grain

size 40 �m)  diamond burs (40 000 rounds per minute) to cre-
ate four different dental dust samples: FiltekTM Z250 red and
black, and Z500TM red and black, respectively. The dental dust
was collected using a GSP conical inhalation sampler (GSA

https://doi.org/10.1016/j.dental.2021.03.011
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 dental composites considered in the study.
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Fig. 2 – Sketch showing the minimum and maximum Feret
Fig. 1 – Schematic illustration of the two

essgerätebau GMbH, Ratingen, GermanyCSI) with a cone
iameter of 10 mm connected to a sampling pump with air-
ow approximately of 10 l/min. The GSP sampler contained a
assette with a filter with pore size of 5 �m (Millipore). Approx-
mately the same amount of composite was ground for each
lock. The collected dental particles came from three differ-
nt sampling campaigns and were, eventually, mixed to one
ooled sample which was further used in the toxicity experi-
ents.

.3.  Scanning  electron  microscopy  (SEM)

he size distribution of all three batches as well as the pooled
ample was investigated by SEM-EDX. The sample procedure
or the dry collected sample was as follows: a small part of
ollected sample was drawn through a nozzle and impacted
n a polycarbonate (PC) filter with pore size 0.2 �m in an anti-
tatic sampler. The filter was precoated with approximately 10
m platinum (Pt) in a Cressington 208 h sputter coater (Cress-

ngton Scientific Instruments Ltd., Watford, United Kingdom.
pproximately 1 cm2 piece of the filter was cut out, fixed on

 10 mm aluminium stub covered with double-sided carbon
dhesive. Spots of carbon cement (Leit-C) were added to the
ides of the stub to assure a good conductivity between filter
nd stub. In addition, the pooled sample was suspended in dis-
ersion medium and sonicated (same as for DLS procedure).
or the suspended particles, the dental composite particles
ere filtered through a PC filter with pore size 15 nm.  A piece
f approximately 8 × 8 mm piece of the filter was cut out, fixed
n a 10 mm aluminium stub covered with double-sided car-
on adhesive discs and spots of carbon cement (Leit-C, Agar
cientific Ltd.) were added to the sides of the stub to assure a
ood conductivity between filter and stub. The samples were
oated with a 10 nm Pt layer. The specimens were analysed

ith a field emission scanning electron microscope SU6600

ESEM (Hitachi, Tokyo, Japan) operated with an acceleration
oltage of 15 keV, analytical working distance of 10 mm,  elec-
ron probe current 7−8 nA and backscatter imaging (BEI) mode
diameters.

using a solid-state detector. Automated analysis on the shape
and size of particles was performed using the feature mod-
ule of the esprit software (Bruker-AXS Microanalysis GmbH,
Berlin, Germany). As a first step in the automatic particle anal-
ysis, high contrast (BE) images were acquired from the SEM at
a magnification of 2000× at a resolution of 1800 × 1350 pix-
els (pixel size = 0.03 �m).  The size of at least 2000 particles
from each sample was obtained from the automatic analysis.
The minimum Feret distance is equal to the smallest distance
between two parallel tangents to the particle border and was
chosen to represent the particle size (Fig. 2).

2.4.  Dust  dispersion  protocol  and  measurement  by
dynamic  light  scattering  (DLS)

The pooled dental dust sample was used for the cell expo-
TM TM
sures after sonication. Filtek Z250 red and black and Filtek

Z500 red and black were suspended in a dispersion medium
(0.05%BSA and MilliQ water) to a final concentration of 2.56
mg/ml. Dispersion methodology and stock concentration were

https://doi.org/10.1016/j.dental.2021.03.011
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chosen in accordance with the Nanogenotox protocols [30].
The solution with particles was sonicated using a 400 W
Branson Sonifier S-450D (Branson Ultrasonis Corp., Danbury,
CT, USA) equipped with a standard 13 mm disruptor horn
(Model number: 101-147-037). Sonication was run for 15 min
at 400 W and 10% amplitude. After sonication all samples
were analysed with DLS and the hydrodynamic diameter
measurements were conducted in dispersion medium. The
measurements were done by a ZetaSizer (ZetaSizer Nano ZS,
Malvern Instruments Ltd., Malvern, UK) using refractive index
for a c̈ompositeöf 1.59. The analysis was conducted on three
independent dispersed batches of pooled dental dust samples.
Z-Average (Z-Ave) and polydispersity index (PdI) was mea-
sured. Z-Average gives the mean value of the hydrodynamic
diameter of the particle and PdI measures the width of the
particle size distribution.

2.5.  Scanning  mobility  particle  sizer  (SMPS)
measurements

Particle number concentrations were measured inside of the
chamber during grinding using an SMPS (model 3938, TSI Inc.,
Shoreview, MN, USA). The SMPS consisted of the following TSI
components: 3082 Electrostatic Classifier, 3756 Ultrafine Con-
densation Particle Counter (CPC, a long differential mobility
analyzer (3081 DMA) and a 0.0457 cm diameter orifice aerosol
inlet impactor. With the SMPS-parameters used in this study,
particles in the range of 9−160 nm electrical mobility diameter
were measured during grinding. A scan time of 30 s was used
and was started simultaneously with the grinding. An anti-
static tube of length 20 cm was connected to the impactor inlet
of the Electrostatic Classifier and fixed inside the chamber.
The tube creates a delay in the measurements and two scans
passed before higher concentrations of nanoparticles were
measured. Background levels were reached before starting a
new grinding procedure. Two measurements were performed
for each material and bur.

2.6.  Exposure  of  human  bronchial  epithelial  cells
(HBEC-3KT),  cell  culture  conditions  and  exposure  doses

Human bronchial epithelial cell line HBEC-3KT, immortalised
with CDK4 and hTERT, were used in all experiments. HBCE-
3KT were maintained under standard growth conditions of 5
% of CO2 and 37 ◦C [31,32]. Cell medium was a 1:1 mixture
of LCH-9 (Gibco) and RPMI (Fisher) medium. Plates were pre-
coated with 0.01 % collagen (Type I, PureCol® from Advanced
BioMatrix). For each assay, one day prior to the experiment,
HBEC-3KT cells were seeded at different densities depending
on the length of exposure time and the growth area of the plate
used: 2.5 × 104 cells/cm2 for 24 h, 1.25 × 104 cells/cm2 for 48
h and at 8.3 × 103 cells/cm2 for 72 h. The exposure took place
the following day. At the end of each exposure, the confluency
of the cells was comparable. HBEC-3KT cells were exposed
to FiltekTM Z250 (red and black) and FiltekTM Z500 (red and

black) in the following concentrations; 0, 5, 10, 20, 40 and 80
�g/cm2. The time of exposure was 24 h, 48 h and 72 h. Doses
and time points were chosen because of their relevance for
occupational exposure situations. Number of biological repli-
 ( 2 0 2 1 ) 1121–1133

cates for each condition inside of the experiment is three and
each experiment is repeated three times.

2.7.  Cellular  toxicity  of  filler  materials

After each time of exposure, HBEC-3KT cells were tested for
cell viability and cell toxicity using a cell counting kit-8 (CCK8)
(Sigma-Aldrich) and lactate dehydrogenase (LDH) cytotoxicity
assay (LDH–kit) (CyQUANTTM, TermoFisher). CCK-8 and LDH
assays are colorimetric tests based on two different metabolic
reactions. They are measuring the amount of activity of living
cells dehydrogenase (CCK8) and the activity of LDH dehydro-
genase typical of damaged cells. The colorimetric assays are
based on the conversion of the tetrazolium salt (INT) dye into
a red formazan by electrons reduction, which can be quanti-
fied spectrophotometrically. The two assays combined give us
more  information on cell integrity and toxicity. Additionally,
the convenience is that it is possible to use the same sample
for both of the assays.

CCK8 absorbance was measured at 450 nm and this value
is directly proportional to the number of living cells. LDH
absorbance was measured at 490 nm and released values in
percentage were obtained using the following formula:

%LDH released (cytotoxicity)

= Compound-treated LDH activity − Spontaneous LDH activity
Maximum LDH activity − Spontaneous LDH activity

× 100

The background signal was measured at 680 nm and sub-
tracted from the 490 nm absorbance value. The absorbance
were measured using a Spectramax-i3 and a Soft Max®Pro
microplate data acquisition and analysis software (Molecular
Devices).

2.8.  Cellular  uptake  experiments  with  transmission
electron  microscopy

HBEC-3KT cells were exposed to the particles for 24 h and 72 h.
At day one, the cells are exposed to FiltekTM Z500 black dental
composites at the concentration of: 5 �g/cm2 and 40 �g/cm2.
After the exposure, the cells were fixed with a solution of 2,5%
Glutaraldehyde (Fluka) in phosphate buffer saline (PBS) solu-
tion. The cells were washed three times in PBS and post-fixed
for 20 min  with a solution of 1%OsO4 (Fluka). The cells were
then gentle scraped and centrifuged for 5 min  at the 13 000
rpm. The temperature was kept constant to not disturb the
cells morphology. Porcine skin A gelatine (Electron Microscope
ScienceTM) was prepared and cool down at 37 ◦C and add to
the cell pellet to create gelatine blocks. The gelatine blocks
were embedded in durcupan mix  (ACM-Fluka) and processed
for the electron microscopy analysis.

Ultraphin sections were cut at 70−80 nm using a Leica
Reichert Ultracut Ultratome and Diatome knife. Sections were
contrasted with 2% uranyl acetate for 4 min  and rinsed in MillQ

water, contrast in lead citrate was avoid to not create deposi-
tion and interference during the observation. Sections were
examined with a Tecnai-12 transmission electron microscope
at 60 kV.

https://doi.org/10.1016/j.dental.2021.03.011
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Fig. 3 – Particle number size distribution measured during grinding for A. Z250 black bur; B. Z250 red bur; C. Z500 black bur;
D. Z500 red bur. Bars represent measured data and line represent the calculated lognormal fit.
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.9.  Statistical  methods

EM analysis is Kernel density non parametric distribution of
inimum Feret diameter. DLS and CCK8 analysis are multiple

omparisons.
To understand the changes in LDH released at differ-

nt doses and to measure the amount of variability in LDH
eleased between wells, we  fitted linear mixed effects models
ith random effects at the well level. In particular, we consid-

red two-way interaction terms involving time (24 h, 48 h and
2 h) and dose amounts. This helped in explaining the changes
n LDH release within each dose amount from one time point
o the other. Furthermore, we were able to present and explain
he differences in LDH released between dose amounts at each
ime point using the time–dose interaction term. We  also used

argin plots to aid in understanding and interpreting of the
nteraction terms. However, the analyses showed no signifi-
ant variability in LDH released between wells. All analyses
ere performed in StataSE 16 and the significance level was

et at  ̨ = 0.05.

.  Results

.1.  Size  distribution  of  particles  generated  during
rinding  measured  with  SMPS

he size distribution and number concentration of particles

n the range 9−160 nm,  measured inside the chamber dur-
ng grinding of the different composite materials with burs

ith different grain size, showed air values in the range of 0.5
 105–1.5 × 105 cm−3 (Fig. 3A–D). The majority of measured
particles were in the size range 15−30 nm and no signifi-
cant differences between the materials were observed. As the
grinding is made manually, curves are expected to fluctuate.
However, the curves are still observed to have a lognormal
distribution (Fig. 3).

3.2.  Size  distribution  of  collected  particles  -  SEM

SEM was used to measure the size distribution and to charac-
terize the morphology of generated particles with diameters
from 50 nm and up to 8 �m.  Kernel density plot of the
minimum Feret diameter for the different pooled dental com-
posites dust collected, showed no significant differences in
particle size distributions for the four dental dust materials
(Fig. 4A). The size distributions between the three individ-
ual collected dust samples and the pooled samples were also
compared (Supplementary Fig. 1A–D). A high fraction (>80%)
of the collected particles were in the sub-micron range and
most particles have a minimum Feret diameter of 0.2 �m.  This
applied to all the individual collected dust samples as well as
the pooled samples. Mean minimum Feret diameters for dry
particles were in the range 0.44–0.54 �m (Fig. 5). For the parti-
cles in solution (denoted wet), a minimum Feret diameter of
0.2 �m was also observed for most particles (Fig. 4B). However,
larger variations compared to the dry particles was observed,
with mean Feret diameters in the range 0.38−0.59 �m (Fig. 5).

In SEM, both larger inorganic filler particles in Z250 and

nanoclusters in Z500 were often observed (Supplementary Fig.
2A and B). Often remnants of the polymerized organic matrix
surrounded the particles (Fig. 6A). SEM images of a single filler
particle from Z250 and a single nanocluster from Z500, both

https://doi.org/10.1016/j.dental.2021.03.011
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Fig. 4 – Kernel density plot of minimum Feret diameter for
the pooled/mixed materials for A. the dry material (as
collected at the time of grinding) and B. wet material
(sonicated after dissolution in dispersion medium).

Table 1 – Hydrodynamic diameters (Z-Ave) and
polydispersity indices (PdI) of the composites.

FiltekTM dental composites Z-Ave (nm) (SE) PdI (SE)

Z250 Red 976.00 (113.15) 0.41 (0.05)
Z250 Black 1130.77 (167.49) 0.59 (0.04)

Fig. 5 – Mean Feret diameter for the pooled/mixed samples.
Blue bars show the particles filtered from soultion and red

2

Z500 Red 1318.00 (107.33) 0.47 (0.01)
Z500 Black 1357.80 (201.20) 0.51 (0.05)

ground with black bur, show that the nanoclusters and the
filler particles appeared spherical (Fig. 6B, D). However, when
magnified images are investigated it is possible to see the
individual nanoparticles in the Z500 composites, whereas the
surface of a filler particle in Z250 appeared smooth also at
high magnification. Similar images were observed for materi-
als ground with the red bur (pictures not shown).

3.3.  Hydrophobic  size  of  particles  —  DLS

The hydrodynamic size distribution of the particles (Fig. 7),
shows that amorphous particles from Z250 (red and black) and
Z500 red in dispersion medium have mainly three peaks of var-
ious nm-size range: peak 1 (201−250 nm), peak 2 (1001−2500
nm)  and peak 3 (4000 nm). Z500 black do not show the peak
at (201−250 nm), but a peak at (251−1000 nm). The values of

Z-average (Z-Ave), polydispersity indexes (PdI) and standard
error (SE) are shown in Table 1. DLS analysis of dental parti-
cles in dispersion medium showed increased hydrodynamic
the dry particles.

diameters and high polydispersity indices indicating that the
particles tend to aggregate and agglomerate.

3.4.  Cell  toxicity  and  cell  viability

Showed in Fig. 8 the cell toxicity response after exposure with
Z250 and Z500 ground with red bur (A, C) and black bur (B, D).

After 24 h of exposure with Z250 red bur and black bur
(Fig. 8A, B), no cell toxicity is observed at low doses com-
pared to the unexposed group (control). A significant toxicity is
observed at the maximal doses. At 48 h and 72 h exposure time,
cell toxicity is observed at the concentration of 20 �g/cm2, 40
�g/cm2 and 80 �g/cm2 (Fig. 8A, B; Supplementary Table 1).

Similar dose-effect responses were observed for Z500
ground with red and black bur (Fig. 8C, D; Supplementary Table
1). After 24 h of exposure with Z500 red bur (Fig. 8C), no cell tox-
icity is observed by low or high doses compared to the control.
After 48 h and 72 h, cell toxicity is observed at the doses of 40
�g/cm2 and 80 �g/cm2 (Supplementary Table 1). At these expo-
sure times and low doses (5, 10, 20 �g/cm2), we  observed that %
LDH released is negative compared to the control. This effect
shows that spontaneous LDH released values of not exposed
cells are slightly higher than the LDH released values of cells
exposed to low doses. Cells exposed with Z500 ground with
black bur (Fig. 8D) showed significant (p < 0.01) effect of toxi-
city compared to the control at all concentrations after 24 h.
However, this effect is not measurable for 5 �g/cm2 at the 48
h and 72 h. A significant toxicity (p < 0.01) is observed at the
doses of 20 �g/cm2, 40 �g/cm2 and 80 �g/cm2.

After 24 h and 72 h, the HBEC-3KT cells were also tested
for viability using the CCK-8 assay (Fig. 9). Low doses of Z250
and Z500 (both red bur and black bur) did not show a signifi-
cant effect on the cell viability when compared to the control
(Fig. 9A–D). After 72 h, cell viability is affected at the high doses
for all the dental composites. In referral to the control, black
particles (Fig. 9B and D) are affecting the cell viability already
at 20 �g/cm2.

At each times of exposure, control cells and cells treated

with 80 �g/cm of particles, were observed under a micro-
scope and pictures were taken. No considerable changes in
cell morphology were detected (data not shown).

https://doi.org/10.1016/j.dental.2021.03.011
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Fig. 6 – A. SEM image of a mixed  particle, containing resin and filler particles of various size for Z250 ground with the black
bur. B. Magnified SEM-image of a spherical shaped filler particle (Z250). C. Magnified image of the surface (Z250). D.
Magnified SEM-image of a spherical shaped nanocluster (Z500). E. Magnified image of the surface (Z500). Similar particles
were  found when these materials were  ground with red bur (data not shown).
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.5.  Uptake  of  particles  by  HBEC-3KT  cells

o investigate uptake and intracellular localization of parti-

les, HBECK-3KT cells were exposed to particles (Z500 black)
t a concentration of 5 �g/cm2 and 40 �g/cm2 for 24 h and 72
. Enlarged membrane structured like-vacuoles surrounding

he particles were identified after 24 h for both concentrations
of particles. In the unexposed group (control), no particles
were observed in smaller vacuoles (Fig. 10A, B). After 72 h
exposure, particles were identified in smaller vacuoles com-
pared to 24 h exposure for both concentrations (Fig. 10D, F).

No particles were observed inside the nuclei in any of the
samples.

https://doi.org/10.1016/j.dental.2021.03.011
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Fig. 7 – % Hydrodynamic particles distribution. The dots in
the graph are representing the mean of three independent
measurements. Error bars represent standard error (+− SE).

Fig. 8 – % LDH released from HBEC-3KT cells after exposure to fo
black bur. C.Z500 red bur and D. Z500 black bur (left). HBEC-3KT c
80 �g/cm2) of each dental composites for 24 h 48 h and 72 h. Dot
indicates +− � (95% CI). *Significant values compared to the cont
 ( 2 0 2 1 ) 1121–1133

4.  Discussion

Previous investigations have showed size distribution curves
at the end of grinding when the aerosol stabilizes [8,12]. How-
ever, nanoparticles agglomerate with time and the particle
size distribution might therefore shift towards larger parti-
cle sizes. The majority of particles had diameters in the size
range of 15−30 nm for both composite materials which are
in the range of the silica nanofillers reported by the manu-
facturer to exist as individual 20 nm nanoparticles in FiltekTM

Z500. FiltekTMZ250 is a microhybrid and consists of nano- and
micrometer sized fillers and is therefore expected to have a
broader size distribution if filler particles were the origin of
nanoparticles. However, the size distribution curves have sim-
ilar shapes and identical median diameters (20−25 nm)  for the
four SMPS experiments (Fig. 3). This might indicate that the
ultrafine particles detected are not released nanofillers. Bog-

dan et al. observed no differences in abrasion of samples with
and without filler particles and argued that the nanoparticles
measured are a condensation aerosol with particles created
from the evaporation of resin matrix rather than released

ur different dental composites. A. Z250 red bur and B. Z250
ells were  exposed to five different doses (5, 10, 20, 40 and
s represent the mean of % LDH released, error bars
rol (p-value = p < 0.05).

https://doi.org/10.1016/j.dental.2021.03.011
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Fig. 9 – % Cell viability after exposure to four different dental composites. HBECK-3KT were  exposed for 24 h and 72 h to A.
Z250 red bur and B. Z250 black bur and C. Z500 red bur and D. Z500 black bur. Dots represent the mean of absorbance at the
d icate

n
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d
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p

c
w
o

ose in percentage normalized to the control, error bars ind

anofillers [11]. In addition, lubricant from the dental drill
enerated an oil aerosol in the nanosize range, which also
ffected their measurements. No individual nanofiller parti-
les with sizes ∼20 nm were observed in TEM in their study.
he same remark on thermal decomposition of the matrix was
ade by Bradna Pavel et al., which found that the nanoparti-

le release was not depending on the filler particles size and
ontent [12]. The nanoparticle release was instead depend-
ng on the diamond grain size and bur speed. In the present
tudy, both coarse and fine diamond bur running at the same
peed generated approximately the same concentration of
ltrafine particles (Fig. 3) indicating that the speed might be
ore  important.
Larger filler particles in Z250 and the so-called nanoclus-

er/nanostructures in Z500 were easily recognized when the
round materials were investigated in SEM. Both the nanoclus-
ers and the filler particles appeared spheroidal with smooth
urfaces. With higher magnification, the surface of Z500 was
een to be irregular with small (∼20 nm)  particles visible
Fig. 6E). With the use of SEM no single nanofiller particles were
etected. Nevertheless, the existence of such particles cannot
e excluded and a further TEM study could better identify the
resence of nanofiller particles.

The particle size distribution measured by SEM for the Z500

orresponds well to the size distribution that was measured
ith ImageJ from high-resolution photomicrographs in TEM
n FiltekTM supreme upon grinding by Van Landuyt et al. [9].
s +− SE.

The high fraction of sub-micron particles (>80%) indicates that
there is a high fraction of respirable particles that can pene-
trate down to the alveoli region of the lung. The red bur has a
finer grit-size than the black bur and could therefore decrease
the particle size released during grinding. A decrease in mean
diameter is seen for the red bur compared to the black bur
(Fig. 5), however this significance was not observed for Z250
dry samples.

One would also expect the particles in solution to have an
increased mean size due to agglomeration, however this was
not the case for Z250 red and Z500 red (Fig. 5), and the exact
reason for this is not known. For the Z250 black and Z500 black,
the mean particle diameter of the wet samples is larger. The
filter might influence these analyses, as these are different for
the dry and the wet particles. The pores (50 nm)  are not visible
in the filter substrate used for the particles in solution and it is
therefore easier to adjust the contrast for the automatic analy-
sis. A higher number of the smallest particles might therefore
be visible.

There are other limitations of the SEM automatic analy-
sis. There are pores with size 0.2 �m on the filter collecting
the dry particles. The contrast was adjusted so that these are
not visible in the BE-image. However, the contrast adjustment
might cause small particles to disappear. At the magnifica-

tion of 2000x, the pixel size is on the order of 0.03 to 0.05 �m
depending on the resolution of the image. The mixed parti-
cles might cause problems for the automatic analysis since

https://doi.org/10.1016/j.dental.2021.03.011


1130  d e n t a l m a t e r i a l s 3 7 ( 2 0 2 1 ) 1121–1133

Fig. 10 – Electron micrographs of HBEC-3KT cells engulfing Z500 Black bur. Electron micrographs of HBEC-3KT after 24 h (A,
C, E) and 72 h (B, D, F) exposure to 5 �g/cm2 (C, D) and 40 �g/cm2 (E, F) of Z500 black show enlarged membrane invagination
(arrows) engulfing the dental composites. In the control, no particles are found. N, nuclei; m,  cellular membrane; arrows,

vacuoles Scale bar: 2 �m.

the resin matrix and the filler particles contain elements with
significant deviation in atomic number. The topography of rel-
atively large mixed particles can probably also contribute to

errors since topography variations also affect brightness. The
consequence from the issues listed up above might be that
individual nanoparticles below the pixel size are not mea-
sured. Additionally, there might be an underestimation of
large particles due to brightness variations.

Dynamic light scattering was used to determine the size

and agglomeration state of particles in suspension. Due to the
amorphous shape and to sonication in dispersion medium,
all four kinds of dental dust from composites Z250 and Z500

https://doi.org/10.1016/j.dental.2021.03.011
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ere found to agglomerate in larger units by weak physical
nteractions. From the DLS analysis, three main agglomerate
eaks are visible. However, agglomerates are not fixed units
nd they can change their size and shape [33]. The geometric
iameter measured in SEM and the hydrodynamic diameter
easured using DLS will deviate as the methods are based

n different principles. The size measured by DLS is usually
reater than what is measured by other techniques [34], espe-
ially for realistic poly-dispersed and aggregated samples of
arious size ranges. DLS has been reported to yield more  than
0% larger number-weighed medians than SEM – independent
f size-range [35]. This can explain the differences seen when
he DLS and SEM results are compared.

To determine if dental composites dust have possible toxic
ffects on the respiratory system, we  have used a human
ronchial epithelial cell line HBEC-3KT for our study to serve
he purpose as an in vitro model to mimic  the lung epithelium.
ur model focused on the toxic cellular effects measured after

hree exposure time intervals of 24 h, 48 h and 72 h. These
ime intervals were chosen because dentists are occupation-
lly exposed to dental composites particulates occurring on

 daily basis during dental restoration procedures [15]. The
xposure is primarily due to inhalation.

It has previously been demonstrated that inorganic filler
articles of dental composites could induce an inflammatory
esponse [29]. We have measured the toxicity effect of dental
omposites dust using LDH assay. To assess what the expo-
ure levels are for dental health professionals and whether
hese levels can potentially lead to undesirable health effects
e used a wide range between low and high doses. The same
oses (5, 10, 20, 40 and 80 �g/cm2) were used in Ansteinsson
t al. [29]. Our results indicate that low doses do not show to
ave a toxicity effect on human bronchial epithelial cells. At

he dose of 5 �g/cm2, we  observed negative values of mean %
DH released. Mathisen et al. demonstrated that low doses of
ller particles and methacrylate monomer triethyleneglycol
imethacrylate (TEGDMA) can induce an additively attenu-
te effect in the inflammatory responses [36]. The negative
ffect may also suggest that cells could adapt metabolically
o the dental composites at low doses possibly through a

echanism known as hormetic-like (biphasic) dose-response
37].

It has been demonstrated that surface chemistry and size
f the particles have different ability to access the cell surface
r become internalized within the intracellular space [38]. It
ould be possible that particles in longer times of exposure are
odified or discharged by the cells in different ways [39,40].
All four of the dental composite dusts showed similar tox-

city results when compared to the unexposed group. Higher
oncentrations (40 and 80 �g/cm2) of the dental composites
usts are possibly provoking more  cell membrane damage. In
ddition to that, dust from use of black diamond bur (which
as a super-coarse grinding), creates more  cell membrane
amage and affecting the cell viability than use of the red dia-
ond bur (typically used in dentist clinics for finishing dental

omposites) already after 24 h of exposure at lower concentra-

ions. The length of the exposure time seems to play a role in
ncreasing the cell toxicity in the higher concentrations tested.
egarding cell viability, after 72 h of exposure to low doses, we
id not observe major changes in cell viability.
 0 2 1 ) 1121–1133 1131

Electron micrographs of HBEC-3KT cells exposed at a con-
centration of 5 �g/cm2 and 40 �g/cm2 of Z500 black for 24 h and
72 h demonstrated that the human bronchial epithelial cells
are taking up the dental dust of composites. Already after 24 h
the dental dust composites are engulfed in membrane invagi-
nations close to the nuclei. The particles are possibly engulfed
through endocytosis mechanisms [41]. After 72 h of exposure,
the composites particles appear to be observed inside smaller
membrane vesicles as if they were processed or discharged by
the cells. At the low dose of 5 �g/cm2, the cells seem not to be
affected or damaged by the engulfed particles. Future studies
could focus on identifying the type of endocytic mechanisms
and the pathway involved in the process. No dental compos-
ite particles are found inside the nuclei in any sample, even
though these membrane invaginations are localized close to
them.

5.  Conclusion

The two types of dental resin composite materials grinded
with fine and coarse burs generated ultrafine particles in num-
ber concentrations of ∼105 cm−3. The results did not depend
on the bur coarseness or on the type of resin composite and
suggest that thermal decomposition of the matrix is a possible
source of the ultrafine particles. However, additional inves-
tigations focusing on the source of the ultrafine particles is
necessary. In addition, SEM investigations showed that more
than 80% of the particles was smaller than 1 �m,  which means
dentists are exposed to a high fraction of respirable dusts. The
grinding took place inside of a chamber, which is not compara-
ble to exposure during real work procedures. Further research
using personal samplers in dental clinics are needed for a
thorough exposure assessment. Nevertheless, the data adds
important information on size distributions and particle mor-
phologies generated when working with different composite
materials and burs.

Our results suggest that dental composites dusts can
induce a toxicity response on human bronchial epithelial cells
HBEC-3KT in vitro. The results showed that the toxic effect
develops at high doses and after longer than 24 h time of
exposure. Moreover dusts generate by a super course diamond
bur appears to affect the integrity and cell viability more  than
dusts from a fine diamond bur. However, it is important to
note that this work is based on a cellular in vitro study and
that further in vivo and epidemiological research will be nec-
essary to determine possible harmful health effects of dental
composites.
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