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Cell viability of fine powders in hybrid resins and ceramic materials for CAD/
CAM
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Resin blocks and ceramic blocks for CAD/CAM crowns were cut into powders and separated into three particle size groups. Oxidative
stress and cell viability were measured in 3T3 and FRSK cells. The results of cytotoxicity tended to be slightly higher for resin
than for ceramics. The values also increased as the particle size decreased in the powders. In addition, incorporation into cells
was frequently observed under SEM, suggesting that the particle size of easily incorporated dust is different among cell types.
Fluorescence-activated cell sorter (FACS) showed an increase in apoptosis and a decrease in cell viability in most of the sample
groups compared to the control group. Hematoxylin and eosin staining of the cells showed deep staining of the nuclei in the sample
groups. It was found that oxidative stress cell viability and apoptosis appeared differently depending on the size of the particles and

the type of cells.
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INTRODUCTION

The use of resin and ceramic materials for CAD/CAM
crowns has rapidly increased in Japan due to an increase
in esthetic demand from patients, in metal prices, and
in metal-free repair to deal with metal allergy". The
resistance to wear and discoloration of resin materials
for CAD/CAM crowns are excellent compared with those
of conventional dental composite resins since prostheses
using these are prepared by cutting a hardening body
with a high rate of polymerization. In addition, UDMA
and TEGDMA are used for the resin matrix in many
cases, so that almost no unpolymerized layer is present
and the structure is a 3-dimensional network structure,
leading to excellent strength?. On the other hand,
ceramic materials have color and transparency similar
to those of natural teeth and are superior in hardness,
wear resistance, chemical stability, and biocompatibility.
Discoloration is also small; however, the impact resistance
is slightly inferior. Ceramic materials are classified
into those using silica and those using aluminum and
zirconium as the principal ingredient?®.

Physical evaluation of block materials for CAD/
CAM has been frequently performed*”. Adjustment
by a dentist is necessary for attachment of CAD/CAM
crowns in approximately 20% of cases®?. Fine powders
containing nano- or submicron-sized particles may be
produced during grinding and cutting. The production
of dust during dental practice and grinding dental
materials, in addition to those for CAD/CAM crowns
has been considered problematic!®*!?, The influence of
inhalation and adhesion to the body surface of dust is of
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concern'>. Moreover, the repair material may wear with
time in the oral cavity after prosthesis attachment!®19,
The presence of microparticles released from a nano-
filler-containing dental crown repair material due to
wear of the material has been reported in literature'”.

There are various methods for biological safety
evaluation of dental materials, and they are specified
by the international standards ISO 1993, ISO 7405,
and JIS T 6001. Regarding cytotoxicity tests, there
are various experimental methods for in vitro testing.
Biosafety tests of materials for CAD/CAM, such as the
direct contact test and extraction test, are performed
using a block, and it has been reported that both resin
and ceramic materials may have almost no or only a
slight influence on cells in the conventional cytotoxicity
test’®29, In addition to focusing on the effects on
epithelial cells in the case of adhesion to the body
surface, it is also necessary to consider the effects on
connective tissues. This is because fine particles may
enter connective tissues when adhering to wounded
skin or mucous membranes. However, there have been
no reports on these in a form other than block, such as
fine powder. A difference in cytotoxicity in nano-and
submicron samples compared with that observed in the
conventional cytotoxicity test has been reported in the
past?>??, Furthermore, differences in cytotoxicity due to
differences in particle shape and among the cell types
tested have been reported?29. The oral cavity tissue is
composed of mesoderm-derived connective tissue and
ectoderm-derived epithelial tissue, suggesting that the
result may be different between connective tissue cells
and epithelial cells, even though the material is the
same.

We tried evaluation using 2 types of rodent-derived
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cells. Fine powders of resin and ceramic materials for
CAD/CAM crowns were prepared by cutting and were
exposed to the two types of cells. Phagocytosis by the
cells was observed, and the influence of the particle size
of fine powder on oxidative stress, cell viability, and
apoptosis was investigated accordingly.

MATERIALS AND METHODS

Materials

Three types of resin blocks and two types of ceramic
blocks for CAD/CAM crowns generally sold in Japan
were used in this study (Table 1).

Preparation and analysis of powder samples

An autoclaved diamond disc for dental (Diamantscheibe
Ultraflex, NTI-Kahla, Kahla, Germany) purpose was
attached to a micro motor handpiece, and each block
fixed to the sample table was cut into powder. The
powder was collected on sterilized aluminum foil, washed
sufficiently, and sterilized with EOG gas.

Since the composition of the contained monomer and
detailed information on the content of the three types
of resin material were not disclosed, whether there was
a large difference among the three types was analyzed
using Fourier transform infrared spectroscopy (FT-IR;
IRAffinity-1S, Shimadzu, Kyoto, Japan) and the quest
single reflection ATR accessory (Shimadzu). In addition,
powder samples were observed using a scanning
electron microscope (SEM; S-4800, Hitachi High-Tech,
Tokyo, Japan). The particles in the field of view were
counted repeatedly, and 420-500 particles were finally
recorded. Furthermore, the particle size distribution
was determined from the SEM images using the image
analysis software Image J (National Institutes of Health,
Bethesda, MA, USA).

Cell culture

Mouse-derived fibroblast-like cells, Balb/c 3T3 cells
(Fig.1a), and fetal rat skin-derived keratinocytes, FRSK
cells (Fig. 1b), were used in this study. 3T3 cells were
obtained from the Riken BioResource Research Center
(Ibaraki, Japan), and FRSK cells were obtained from

JCRB cell bank (Osaka, Japan). D-MEM (FUJIFILM
Wako Pure Chemical, Osaka, Japan) supplemented with
fetal bovine serum Hyclone™ (USDA Tested, processed
in USA, lot. AD16384277, Cytiva, Tokyo, Japan) was
used at a volume ratio of 10%.

Preparation of test solutions and exposure of cells
Each powder sample was added to the assay medium at
a concentration of 1 mg/mL. After strong stirring using

Fig. 1 Inverted phase contrast microscopy image of each
cell cultured in DMEM supplemented with 10%
FBS.
a: Balb ¢/3T3 cells, b: FRSK cells

Table 1 Materials used
Brand Manufacturers Code Shade Lot.No

KATANA® AVENCIA® Block* Kuraray Noritake Dental, KA A2 000421
Tokyo, Japan

SHOFU Block HC* Shofu, Kyoto, Japan SB A2 0419687

ARTESANO* YamahachlI Dental MFG, AR A9 0A10
Aichi, Japan

VITABLOCS® MarkIl** VITA Zahnfabrik, VM A2C 78360
Bad Sackingen, Germany

IPS Empress®CAD** Ivoclar Vivadent, Tokyo, Japan 1IE A2 K02605

*Hybrid resin **Ceramic
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a desk-top vibrator, the powder was separated into three
particle size groups (40 um or larger, 540 um, and 5 um
or smaller) using two types of cell strainers (40 and 5
um), and a total of 15 test solutions were thus prepared.
The numbers of 3T3 and FRSK cells were adjusted to
1.0x10° cells/mL using a disposable hemocytometer,
and the cells were aliquoted at 100 pl/well in a 96-well-
multiplate (AGC TECHNO GLASS, Shizuoka, Japan)
using a multi-pipet and were subjected to static culture
for 24 h in a CO; incubator (37°C, 5% CO,, 95% air).
After confirming the normal extension of each cell on
the bottom surface of the well under an inverted phase-
contrast microscope (Olympus, Tokyo, Japan), the
culture fluid was exchanged with 100 puL/well of each
test solution, followed by 3-day static culturing in the
CO; incubator as described above. For the control group,
an assay medium containing no sample was added
accordingly.

Evaluation

1. Measurement of oxidative stress by ROS

Since peroxides and free radicals are produced in cells
due to oxidative stress by reactive oxygen species,
damaged proteins, lipids, and DNA, thus impairing
organelles, oxidative stress was evaluated by ROS assay.
The number of cells was adjusted to 1.0x105 cells/mlL,
and each cell type was seeded in a 96-well-multiplate
and subjected to 24 h static culture in a CO; incubator.
The culture fluid was exchanged with 100 pl/well of
each test solution. After 6 h of culture, the test solution
was discarded, each well was washed with DMEM, and
a highly sensitive DCFH-DA working solution of ROS
Assay Kit (Dojindo Laboratories, Kumamoto, Japan)
was aliquoted at 100 pL/well, followed by incubation for
30 min. After the supernatant was removed, the cells
were washed twice with DMEM. D-PBS (-) (Nacalai
Tesque, Kyoto, Japan) was added to each well, and the
absorbance at the measurement wavelength (excitation:
490 nm, emission: 510 nm) was measured using an
absorptiometer. This experiment was performed four
times.

2. Measurement of cell viability

The MTT method, which measures the viability of cultured
cells by colorimetry, was used to determine enzyme
activity by reducing MTT (3-(4,5-di-methylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide) to formazan dye.
In both cell types, the number of cells was adjusted to
1.0x10° cells/mL, and the cells were seeded in a 96-well-
multiplate and subjected to 24 h static culture in a CO,
incubator. MTT (Dojindo Laboratories) was dissolved in
D-PBS to reach a concentration of 0.5 mg/mL; this MTT
solution was aliquoted at 100 pl/well in the 96-well-
multiplate and cultured in a CO, incubator. The test
solution was discarded, the formazan dye was eluted
with an acidic isopropanol solution, and the absorbance
at 570 nm was measured using an absorptiometer. The
calculated value of each sample was divided by the value
of the control group and presented as a percentage. This
experiment was performed four times.

3. Observation of phagocytosis of powder particles

An autoclaved cover glass was broken and placed in a 35-
mm cell culture dish. 3T3 cells and FRSK cells adjusted
to 1.0x10* cells/mLL were seeded in an individual dish
and subjected to 24 h static culture in a CO; incubator.
The adhesion and extension of the cells on the glass were
confirmed using an inverted phase-contrast microscope.
After removal of the culture fluid, each test solution was
added, and the cells were subjected to static culture for
another 24 h. The test solution was discarded, the dish
bottom surface was washed with D-PBS (-) warmed to
37°C, and the cells were fixed with 2% glutaraldehyde
solution warmed to 37°C for 1 h. Furthermore, the cells
were washed twice with D-PBS (-) and dehydrated with
50-100% ascending series of ethanol. The solution was
replaced with isoamyl acetate solution, and the cells
were dried on glass using a critical point dryer (HCP-1,
Hitachi, Tokyo, Japan). The sample was fixed with
carbon tape, and the morphology of the two cell types
was observed by SEM.

4. Annexin V-FITC/PI-stained fluorescence-activated
cell sorter (FACS)

3T3 and FRSK cells were harvested by trypsin
treatment, washed twice with D-PBS, and centrifuged
at 1,500 rpm for 3 min. The supernatant was discarded,
and the pellet was suspended in 10-fold diluted binding
buffer at a density of 1.0x10° to 1.0x10° cells/mL. The
sample solution (100 pl)) was transferred to a culture
tube and incubated with 5 uL of FITC-bound Annexin V
(Nacalai Tesque) and 5 pL of PI (Nacalai Tesque) for 15
min at room temperature in the dark. To each sample
tube, 400 pL of 10-fold diluted binding buffer was added
and analyzed by FACS (FACS Verse, Becton Dickinson,
Franklin Lakes, NJ, USA) using Cell Quest Research
Software (Becton Dickinson).

5. Hematoxylin and eosin (HE) staining

3T3 and FRSK cells were seeded on sterile cover
glasses and incubated in a CO, incubator for 24 h. The
culture medium and test solution were exchanged and
incubated for another 24 h. HE staining was performed
according to the conventional methods. Samples were
fixed with 4% paraformaldehyde (Nacalai Tesque) for 30
min. After rinsing with water, the samples were treated
with Meyer hematoxylin (3000-2, Muto Pure Chemicals,
Tokyo, Japan) for 20 min, fractionally washed with 1%
hydrochloric acid alcohol, and washed with 1% eosin Y
solution (Muto Pure Chemicals) for 10 min. They were
subsequently treated with an ascending series of 60%
alcohol and sealed with glycerin (Nacalai Tesque). An
upright microscope was used for observation (Eclipse Ci
POL, Nikon, Tokyo, Japan).

Statistical analysis

The mean and standard deviation of the acquired values
were determined, and one-way analysis of variance,
subset comparison (Scheffe’s F method), and multiple
comparisons (Bonferroni method) were performed
accordingly.
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RESULTS

Analysis of powder samples

1. Analysis of resin materials for CAD/CAM crowns by
FT-IR

The results of the monomer content analysis by FT-IR
are shown in Fig. 2. The band shape (3,450-3,350 cm™)
was assigned to the N-H group due to the presence of
UDMA. The sharp peak at 1,750—1,650 cm™ was due to
the coupling of the stretching vibration of the C-O group
with the amide peak of UDMA. The band shape (1,700
and 1,100 ecm™) due to ester bonding was observed in
TEGDMA. No significant difference was noted among
the three types of resin materials in UDMA or TEGDMA
in the powder cut out after polymerization.

2. Particle size distribution

No large difference was noted in the granularity
distribution of the powder among the three types of
resin materials and the two types of ceramic materials.
The particle size of the powders was widely distributed
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Fig. 2 The FT-IR spectrums were scanned 16 times with
a resolution of 4 cm™.
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from 10 pm to 300 um or larger. Particles with a size of
50 pm or smaller accounted for 59—65% and 10 pm or
smaller accounted for 14—24%. The rate of particles with
sizes ranging from 10 to 50 um was the highest (Fig. 3).

Measurement of oxidative stress by ROS

The results of the 3T3 cells are shown in Fig. 4a.
The resin material was used as one group, and the
ceramic material was used as another group for subset
comparison. There was almost no difference of ROS
between the resin and the ceramic materials. From the
multiple comparison test, a difference was noted among
the three particle sizes. The ROS value was small in the
40 pm or larger group; however, almost no difference was
noted between the 540 pm and 5 um or smaller groups.
Almost no difference was noted among the three products
of resin material; however, in the ceramic materials,
a significant difference was noted in IE compared to
that in VM. The results for FRSK cells are shown in
Fig. 4b. Similarly, the resin material was used as one
group, and ceramic material was used as another group
for subset comparison. No significant differences were
noted between the resin and ceramic materials. From
the multiple comparison test, the influence of particle
size was small compared to that of the 3T3 cells. No
significant differences were noted among the products of
the resin and ceramic materials.

Measurement of cell viability

The results for 3T3 cell viability are shown in Fig. 5a.
As seen in the ROS test, from the subset comparison,
the cell viability for resin materials was statistically
significantly lower than that for ceramic materials.
From multiple comparison tests with particle shape
and material as design factors, among the three types
of resin material, the cell viability was the lowest in SB,
and it increased in the order of AR and KA. Cell viability
tended to be low in the resin materials compared to that
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Fig. 3 Particle size distribution of particles after fine grinding of resin and

ceramic blocks.

The number of particles in the field of view was repeatedly counted to

be between 420 and 500.
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Fig. 4  Effects of resin and ceramic materials on cells by ROS assays was used to detect mitochondrial

reactive oxygen species, especially superoxides.
Cells exposed only to culture medium were used as negative control. A group set comparison
of resin and ceramic materials was performed. a: 3T3 cells, b: FRSK cells
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Fig. 5  Cell viability was determined by the MTT assay to identify the effects of resin and ceramic

materials on cells.
The group without sample was used as a negative control, and the cell viability was set at
100%. A group set comparison of resin and ceramic materials was performed. a: 3T3 cells, b:

FRSK cells

in the two types of ceramic materials. There was no
large difference between VM and IE. Cell viability was
lower in the resin than in the ceramic materials, and the
difference was significant. Among the particle sizes, cell
viability tended to be high when the particle size was 40
um or larger for both resin and ceramic materials. In the
5 um or smaller group, cell viability tended to be low.

The FRSK cell viability results are shown in Fig.
5b. Likewise, in the subset comparison, the cell viability
was statistically lower in resin material than in ceramic
material. In a multiple comparison test in the same way
as for 3T3 cells, in the resin materials, cell viability
was the smallest in AR as observed in the 3T3 cells. In
ceramic materials, the value was lower in VM than in
IE. Among the particle sizes, a tendency of decrease with
a decrease in the particle size observed in the 3T3 cells
was noted only in the resin, KA. In the other products,
particle size and cell viability varied widely among the
products.

Observation of phagocytosis of fine powder particles

The SEM images are shown in Figs. 6a—f, 7a—f, 8a—f,
9a—f. Incorporation of multiple 5 pm or smaller particles
into the 3T3 cells was confirmed in both resin and
ceramic materials. On the other hand, in the FRSK
cells, incorporation of multiple particles of the 5-40 pm
group was frequently observed in both resin and ceramic
materials.

Annexin V-FITC/PI FACS staining

The percentages of apoptosis, necrosis, and cell viability
determined by FACS are shown in Fig. 10 and Tables
2, 3. Compared to the control group, the percentage of
apoptosis increased in 3T3 cells with 5 pm or smaller
KA, with 40 pm or larger SB, 40 um or larger AR, and
with 5 pm or smaller VB and IE. Necrosis increased in
all groups except for <5 pm IE in 3T3 cells; in FRSK
cells, it increased in all groups in KA, smaller than 5 pm
of SB, 5—40 um of AR, and with 5 pm or smaller IE, but it
was lower than that in the control group in other groups.
Cell viability decreased in 3T3 cells compared to that
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Fig. 6 a—f: SEM images of 3T3 cells with the resin Fig. 8
particles incorporated.
The white arrows indicate the unevenness of
the cytoplasm due to the incorporation of resin
particles smaller than 5 um into the cell. a, b: 40
um or larger; c, d: 540 um; e, f: 5 pm or smaller

Fig. 7 a—f: SEM images of 3T3 cells with the ceramic Fig. 9
particles incorporated.
The white arrows indicate that ceramic particles
of less than 5 pm are taken into the cell and these
pressurize the nucleus. a, b: 40 pm or larger; c, d:
5-40 pm; e, f: 5 pm or smaller

a—f: SEM images of FRSK cells with particles
incorporated.

White arrows indicate the uptake of 540 pm resin
particles into the cell and the deformation of the
cell. a, b: 40 pm or larger; ¢, d: 540 um; e, f: 5 pm
or smaller

a—f: SEM images of FRSK cells with particles
incorporated.

The white arrows show the deformation of the
nucleus due to the pressure of the 5—40 um ceramic
particles. a, b: 40 um or larger; ¢, d: 540 um; e, f: 5
um or smaller

in the no-addition group, except for those with an IE 5 except for those with a VB 40 um or larger.

um or smaller; in FRSK cells, it decreased in all groups



Dent Mater J 2022; 41(3): 495-505 501

Comp-PE-A :: PE-A

Comp-FITC-A :: FITC-A

Q2

Comp-PE-A :: PE-A
Comp-PE-A :: PE-A
Comp-PE-A :: PE-A

Q3

10

Comp-FITC-A : FITC-A Comp-FITC-A :: FITC-A Comp-FITC-A :: FITC-A

Fig. 10 a—d: Induction of apoptosis and necrosis in 3T3 cells and FRSK cells cultures by different materials after 24 h.
FACS analysis after staining with annexin V/PI. Three distinct cell distribution patterns are visible: normal viable
cells (lower left quadrant); apoptotic cells (lower rightquadrant); necrotic and/or ‘apoptotic necrotic’ cells (upper
right quadrant). a: non-treated 3T3 cells (negative controls), b: 3T3 cells with the 5 pm or smaller SB particles, c:
non-treated FRSK cells (negative controls), d: FRSK cells with the 5—40 pm AR particle, a—d show the diagrams of
one representative experiment. b, d reveal an increase in the proportion of apoptotic and necrotic cells.

Table 2 Induction of apoptosis and necrosis in 3T3 cells cultured with different materials after 24 h. FACS analysis after
staining with annexin V-FITC/PI. Percentage of viable, apoptotic, and apoptotic necrotic/necrotic cells after a 24 h
treatment with materials

Apoptosis ratio (%)

Materials Size 40 um or larger 5-40 um 5 pm or smaller
KA 7.36+1.76 7.35+0.75 5.82+1.21
SB 5.37+1.30 7.59+0.88 6.25+1.14
AR 5.37+£5.11 6.41+1.19 8.41+0.33
VM 10.94+2.43 6.44+0.50 5.9946.87
IE 8.25+4.72 9.16+2.64 4.70+4.99
Control 6.13+4.60

Necrosis ratio (%)

Materials Size 40 um or larger 5—-40 um 5 pm or smaller
KA 16.93+2.08 26.70+0.62 17.87+1.44
SB 9.12+1.87 18.90+0.66 22.07+0.42
AR 9.12+0.59 11.83+0.21 24.20+0.53
VM 8.10+2.76 8.43+0.57 7.96+6.72
IE 11.35+4.25 12.87+2.38 4.78+3.70
Control 6.16+5.36

Cell viability (%)

Materials Size 40 um or larger 5—-40 um 5 pm or smaller
KA 69.43+0.25 60.33+0.15 74.43+0.20
SB 81.77+1.72 68.67+0.47 68.73+0.48
AR 81.77+2.91 80.23+0.78 63.83+0.27
VM 78.70+0.20 82.33+0.22 83.10+0.48
1E 79.43+0.42 75.43+0.22 89.40+1.11
Control 87.23+£0.25

HE staining and in the group with each sample are shown in Figs.

HE staining images in the group without the sample 11, 12. The sample resulted in nuclear staining, nuclear
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Table 3 Induction of apoptosis and necrosis in FRSK cells cultured with different materials after 24 h. FACS analysis after
staining with annexin V-FITC/PI. Percentage of viable, apoptotic, and apoptotic necrotic/necrotic cells after a 24 h
treatment with materials

Apoptosis ratio (%)

Materials Size 40 um or larger 5—-40 um 5 pm or smaller
KA 22.53+5.54 22.47+1.03 18.37+0.37
SB 26.90+3.96 12.21+20.19 18.73+3.44
AR 26.27+4.96 34.37+8.06 16.80+2.59
VM 10.20+0.39 17.37+0.76 14.10+1.85
IE 26.70+5.37 25.10+1.48 16.07+1.37
Control 9.01+6.21

Necrosis ratio (%)

Materials Size 40 um or larger 5—40 um 5 pm or smaller
KA 14.80+1.76 19.93+0.86 20.23+0.33
SB 5.97+4.13 6.74+5.26 15.80+3.66
AR 12.25+3.04 25.40+6.53 14.80+1.85
VM 7.79+0.98 9.58+0.41 9.88+0.78
1E 5.48+3.30 7.54+0.74 9.35+1.68
Control 12.37+£8.97

Cell viability (%)

Materials Size 40 pm or larger 5-40 pm 5 um or smaller
KA 61.37+4.96 54.47+0.33 59.80+0.54
SB 60.20+5.31 68.13+5.21 63.90+0.89
AR 60.07+6.56 36.90+2.35 67.07+0.61
VM 81.30+0.59 72.50+0.38 75.83+2.38
1E 67.33+1.94 66.37+0.74 74.23+1.02
Control 78.47+3.58

Materials Materials

KA

Control
Y\ Deep dyeing of the nucleus SB
¥ Nuclear fragmentation
W\ Cell destruction

Control

w Deep dyeing of the nucleus
W\ Nuclear fragmentation
W\ Cell destruction

" A
VB
IE
IE
40pm or larger 5-40pum Sum or smaller  Particle size
40um or larger 5-40um Spm or smaller  Particle size
Fig. 11  3T83 cells culture with ceramic and resin materials
after 24 h. Fig. 12 FRSK cells culture with ceramic and resin
HE staining of cells. materials after 24 h.

HE staining of cells.
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expansion, and nuclear fragmentation, which are
indicators of apoptosis. In addition, destroyed cells were
also observed.

DISCUSSION

On comparison between the resin materials and ceramic
materials, the measurement results of oxidative stress
by ROS were found to be slightly higher in the resin
than in ceramic materials, and the tendency was similar
between the two cell types. However, a difference
was noted in the results of cell viability between the
connective tissue-derived 3T3 cells and epithelium-
derived FRSK cells. In the 3T3 cells, there was a slight
decrease in the resin materials compared to that in the
ceramic materials. In FRSK cells, the cell viability was
lower in the ceramic material, VM.

Regarding the influence of particle size, generally,
the surface area per volume increases as the particle
size decreases, with which various biological influences
on the cells may increase. In the results of ROS-based
measurement, the value was clearly higher in the 5 pm
or smaller group than in the 5—40 pm and 40 um or larger
groups in the 3T3 cells in all products. In the FRSK
cells, the variation was large among the particle size
groups, as observed in the 3T3 cells. Incorporation of 5
pum or smaller particles into the 3T3 cells was frequently
observed during the observation of phagocytosis of fine
powder particles by SEM. Similarly, the incorporation
of 5—40-um particles was frequently observed in FRSK
cells. From the MTT and ROS tests, it was predicted
that the sample caused oxidative stress and cell death.

Necrosis occurs when cells are exposed to the
materials. This occurs through the collapse of the cell
membrane, after which its contents flow out, and pro-
inflammatory factors such as digestive enzymes and
cytokines have a serious effect on the surrounding
cells. However, it has been reported that fine particles,
such as nanomaterials, cause apoptosis, also known
as programmed cell death. Apoptosis is caused by
various factors, such as particle size, shape, and surface
properties?™??, It is known that apoptosis is different
from necrosis and it does not cause severe inflammation.
Therefore, it is important to investigate the apoptosis
and necrosis caused by fine dust grinding. The results
of FACS suggested that there was more necrosis than
apoptosis in 3T3 cells and increased apoptosis in FRSK
cells. There are several possible causes of cell damage.
In this experiment, it was difficult to observe a strong
correlation between the results of ROS, cell viability, and
cell phagocytosis; therefore, it is necessary to examine
cell damage from multiple perspectives.

The three types of resin material tested in this study
were resin/ceramic hybrids, and ceramics accounted for
a large part of the composition, however it was possible
that UDMA and TEGDMA contained in the resin
materials, in which cytotoxicity decreased when these
were polymerized, remained as a residual monomers
with high cytotoxicity even though their amount was very
small?. Moreover, although it could not be clarified which

of the ceramic and resin materials were phagocytosed
by cells at a higher rate, it is estimated that the angle
of contact with water is larger in resin than in ceramic
materials, and a large uptake of oily materials into cells
has been noted. However, the involvement of multiple
factors, such as particle size, wettability, hydrophobicity
of the surface, and surface area, in phagocytosis has
been reported. Therefore, no final judgment of whether
phagocytosis had an influence could be made based on
the results of this study?$%.

Regarding the mechanism of manifestation of toxicity
of nano- and submicron-size materials, in addition to
the direct action of chemical substances eluted from
these materials on the cell membrane, the presence
of a system actively incorporating these materials
through phagocytosis by cells is known?*3V, In the in
vitro cytotoxicity test, although it depends on the test
method, the cytotoxicity of materials insoluble in culture
fluid is likely to be very low or lower than the detection
limit??319), Regarding the toxicity of insoluble particles,
an association with particle size has been reported in
literature. Matsuoka et al. exposed 11 types of 0.0024—
92 um polystyrene particles to Chinese hamster-derived
CHL cells for 7 days and observed the cells by SEM.
They observed that particles with a particle size of 0.92—
4.45 pm were likely to be phagocytosed by cells, and
the cytotoxicity and abnormal chromosome inducibility
were high®». In our study, unlike polystyrene, which
is spherical and has less surface roughness, surface
unevenness was large on SEM observation and the
cell type was slightly different, suggesting that the
incorporated particle size was different.

The samples were vigorously stirred using a desktop
vibrator; however, the possibility that the particles were
not completely isolated cannot be ruled out. The isolation
of nanoparticles is a major issue in nanomaterial
research. The particle size of the samples in this study
was larger than the submicron level, so that the particles
separated through the cell strainers may have been
mostly isolated by SEM observation. However, when
the particle size is 5 um or smaller, isolation by physical
vibration alone may have been difficult, aggregates may
have been slightly mixed, and this may have been the
cause of the absence of a clear correlation between the
particle size and the results of the MTT method.

Powders of resin materials and ceramic materials
for commercial CAD/CAM crowns were prepared
by grinding the material in a block shape using a
diamond disc for dental use. However, mixing with the
ingredients of the diamond disc, that is, particles of the
diamond wheel and plating materials, such as nickel,
needs to be considered®. In this study, a new diamond
disc was used, which was prepared in an attempt to
avoid contamination with foreign substances as much as
possible, and the samples were sufficiently washed with
running water. The ingredients of grinding/abrasive
materials, such as discs and points, may be mixed in the
dust in clinical practice.

In actual dental practice, in addition to the materials
used in this study, complex particles, such as metals,
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composite resin, plaster, impression materials, and cut
tooth fragments scatter in the dental treatment room?%3®,
Moreover, the generation of fine powder containing
nano- and submicron-sized particles during grinding and
cutting presents a problem; it can be performed outside
the oral cavity. However, we believe that in clinical
practice, the cutting method is often not considered. The
size of the particles generated makes it difficult for the
dentist to control the particle size during cutting and
grinding, and avoiding taking up the generated dust
into the body using an extraoral vacuum and dust-proof
mask has become an important research subject?*4D,
The particle size of the scattering dust was smaller
when scattering and falling dust were compared after
dust generation. It had also been reported that the rate
of 10 pm or smaller particles increased as the distance
between the positions of dust generation and collection
increased, and 20 um or larger dust floated in space as
the distance decreased'>*>*¥, Furthermore, in this study,
most particles that were created by wear after abrasion
were less than 5 pm in size, and there was no need to
verify the differences between the particles. However, the
smallest particle fraction produced in this experiment,
less than 5 pm in size, is considered to contain nano- and
submicron particles that are thought to be generated by
wear.

The influence of dust produced during dental
practice on health is a concern. There have been many
reports on the shape, character, and influence on the
body of dust**», Regarding the specific gravity of resin
materials and ceramic materials, since the specific
gravity of ceramic materials is higher than that of resin
materials, resin materials may be more likely to stay in
the air since their specific gravity is low and the particle
size is small, predicting that materials staying in the air
longer are more frequently exposed to the body.

In this study, the cytotoxicity level of resin materials
with a small particle size increased slightly. It was thus
clarified that it is necessary to pay close attention when
fine powder of resin materials is produced in dental
practice.

CONCLUSIONS

Ground fragments of three types of resin materials and
two types of ceramic materials for CAD/CAM crowns
were separated into three particle sizes (40 pm or larger,
5-40 pm, 5 pm or smaller), and oxidative stress by ROS,
cell viability, and FACS of 3T3 cells and FRSK cells
exposed to the particles were measured accordingly. The
influence of the resin materials on the cells tended to
be slightly larger than that of the ceramic materials,
whereas the relationship with the particle size was
different between the two cell types. In addition,
phagocytosis of powder particles was observed by SEM,
and incorporation of particles smaller than 5 pm was
confirmed in 3T3 cells. In FRSK cells, incorporation of
5-40-um particles into the cells was frequently observed,
suggesting that the particle size of easily incorporated
dust is different depending on the cell type. In addition,

HE staining showed histological images of nuclear and
cellular damage caused by the addition of the sample.
In this study, the effects of CAD/CAM materials in the
form of fine powder on cells were examined using basic
data on biological safety, and it was found that cellular
damage appeared differently depending on the size of
the particles and the type of cells.
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