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Abstract: An ideal dental restorative should have the same light reflection, diffusion, and fluorescence
properties as a natural tooth. Natural teeth always emit intense blue fluorescence under ultraviolet light,
making the teeth look whiter and brighter in daylight. One of the limitations in trying to simulate
restorative materials is the unique structure of natural teeth. This study aimed to simulate dental tubules
and investigate the effect of different porosity percentages on dental porcelain luminescence properties.
In this laboratory study, a control sample (without silicon carbide) and three dental porcelain samples
with different percentages of porosity were prepared by adding 1, 2, 3% silicon carbide luminescence
intensity was examined by spectrophotometer and compared with natural teeth. An increase in
luminescence properties was observed with increasing porosity. The highest light intensity was
observed in the sample’s porosity with 3% silicon carbide. The lowest intensity was observed in the
porosity of the sample with 1%. Creating porosity in dental porcelain reduces refraction, collision, and
light reflection. Therefore such specimens will be brighter and more transparent when exposed to
ultraviolet light.
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1. Introduction
For the past two hundred years, amalgam has been the dominant player in the field of
dental restorations. However, today, color restorations, mostly made of composites, ceramics,
and dental porcelain, have replaced amalgams. The main advantage of color restorations is the
issue of beauty. However, the non-use of mercury in amalgam restorations is also one of the
advantages of color restorations; Because researchers believe that the mercury in amalgam may
cause long-term side effects.
An ideal restorative material should have the same light reflection, emission, and
fluorescence properties as natural teeth. Otherwise, their aesthetic quality will be reduced [1].
Due to the importance of beauty, the optical properties, including translucency of ceramic
materials in Many studies, have been considered. Semi-transparency of dental materials is
generally measured using the semi-transparency parameter and the contrast ratio. Contrast ratio
is the ratio between a sample’s reflection on a black background compared to a white
background with an individual reflection [2]. Studies have shown that thickness indirectly
affects the passage of light through dental porcelain. The thicker the material, the lower the
translucency [3].
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Luminescence is the emission of light by matter due to ultraviolet and visible radiation.
Ideally, a restorative material should have a luminescence similar to that of natural tooth tissue.
Luminescence can be used as a tool to distinguish restorative material that distinguishes it from
natural tooth tissue. It is a single excitation state (fluorescence), and long-term emission is a
triplet excitation state (phosphorescence). A sample can show fluorescence, phosphorescence,
or both [4].
Researchers’ study of the effect of fillers' amount and size on composite resin’s optical
properties has shown that samples’ optical properties decrease with increasing the amount and
size of filler particles. (5) Nanofillers have better optical properties compared to samples
containing microfilters (7, 6). Another issue is the technique of filling teeth. To fill teeth, two
conventional techniques of layering and one-step filling are used. Research in this field shows
the formation of an oxygen barrier layer at the composite-composite interface layer site and
increases light scattering due to contact with this layer, and reduces the transparency of the
restoration in the layering technique [8].
Decreased optical properties of dental restorations can also be due to the high thickness
of the specimens. The high thickness of the restoration, which is unavoidable in many cases,
increases the reflection and diffusion of light and reduces the intensity of the transmitted light
due to the reduction of the depth of polymerization and the increase of internal collisions [913].
The optical properties of teeth and porcelain include color, semi-transparency, hue,
light, and chroma value. The various compounds and the crystallinity of different ceramic
systems such as lithium disilicate, fluorapatite, or leucite affect these systems’ optical
properties. Increasing Crystallinity to Increase Mechanical Strength Increases Opacity [14].
Achieving similar tooth restoration requires two steps: selecting the best possible shade using
the shadow guide and reproducing this shade with dental material properly done [15].
Casolco et al. [16] obtained translucent zirconia ceramics measuring 55 nm using
stabilized nanostructured powders. They have suggested that more light passes through the
scattering created by the particles' interaction when the grain size is significantly smaller than
the wavelength of visible light. The presence of internal fine particles maximizes the
translucent material’s opacity. The presence of impurities and turbidity conditions such as
temperature and time can also significantly affect the particle size and translucency.
Dozic et al. [17] have shown that the porcelain layer’s thickness affects the final shade
of ceramic restorations. Small changes in the thickness or shade of the translucent porcelain
layers have a significant effect on the restoration's shade.
In a paper published by Nakajima et al. [18], a comparison was made between natural
cow teeth and three composite resin samples used in the market. The results showed that in
natural teeth with increasing thickness; Similar to restorers; There is a decrease in light
transmission and transparency, but the light distribution in the teeth, unlike restoratives,
decreases with increasing thickness. This difference can be the density, diameter, and
orientation of the tubules in the tooth structure.
Examination of the tooth structure shows that the tooth contains microscopic channels
called dental tubules, which extend from the nerves of the tooth (pulp) to the outside or enamel
of the tooth and contain physiological fluids [19]. In teeth with tubules, The transverse
refraction of light is less than the oblique and longitudinal position. Besides, materials inside
the tubules (water, air, tooth fluids, or minerals) affect light transmission and transmission and
absorption properties [18].
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This study aimed to simulate dental tubules in dental porcelain specimens and
investigate their effect on dental specimens' luminescence properties.
2. Materials and Methods
In this experimental study, 16 samples of tablets with a thickness of 2 mm and a
diameter of 5 mm were prepared to prepare dental porcelain specimens with different
percentages of porosity. To prepare the samples, silicon carbide with weight percentages of 1,
2, and 3% was used to create different porosities in the sample and without silicon carbide to
make the control sample.
Porcelain powder (Noritake Company, Japan) was used as the predominant phase in
these samples. Silicon carbide with a particle size of 40 microns (Sigma-Aldrich, Japan) was
used as an additive with 99.8% purity to create porosity. According to the instructions
mentioned in reference (20) and optimization, first distilled water with 5% by weight of
polyethylene glycol (as a binder) was added to a mixture of porcelain powder and silicon
carbide, in amounts of 3-0% by weight and a solution was obtained diluted. (The water-tomixture ratio was 0.8 to 1% by weight.) The diluted solution was stirred for 30 minutes with a
magnetic stirrer and then placed in the oven for 1 to 2 hours. It was then sieved with a 0.3 mesh,
and a powder with a particle size of 550 microns was obtained. A dry press pressed the powder
with a pressure of 10 MPa, and tablets with a thickness of 2 mm, and a diameter of 5 mm was
made. The samples were sintered in a furnace at a rate of increase of 5 °C/min until reaching a
temperature of 1150 °C and kept at this temperature for 20 minutes at atmospheric pressure.
After leaving the furnace, the samples were subjected to scanning electron microscopy (SEM),
X-ray diffraction (XRD), and then spectrophotometry.
A healthy anterior tooth of a 27-year-old man broken in an accident was used to prepare
a dental sample. Dental incisions in different thicknesses can be limited to enamel or dentin
and form a combination of enamel and dentin. To make the incision, the teeth were molded
into the resin. Then incisions were made in the vertical direction with a thickness of 2 mm.
3. Results and Discussion
Figure 1 shows the XRD pattern of a 2% by weight silicon carbide sample after
sintering at 1150 ° C. As can be seen in this diagram, silicon carbide is not seen in the sample
sintering. However, silicon is present as SiO2 in the structure. The results show that after
sintering, SiC is oxidized to SiO2, CO2. The formation of the SiO2 protective layer on the
surface occurred due to the air atmosphere’s process. Figures 2 (A, B, and C) show the results
of SEM analysis of samples with a percentage of silicon carbide of 1 to 3%.
According to SEM images, an increase in porosity can be seen due to the increase in
silicon carbide at 1150 ° C. In 1% silicon carbide, due to the low carbon structure, the volume
of CO2 gas due to oxidation is low, resulting in very small spherical porosities. In general, the
porosity created by this method is isolated and discontinuous, and, due to the high viscosity of
the liquid phase, can not be removed from the structure (Figure 2-A). The average size of the
porosity does not exceed 100 microns. In the amount of 2% silicon carbide, more gas is created
than in the first case due to the increase in the volume of carbon. More continuous porosities
are created, the size of which is 120 micrometers (Figure 2-B). In the third case, with 3% silicon
carbide, an enormous volume of CO2 gas is created in the structure, which causes
interconnected and large porosity (Figure 2-C). In this case, the size of the pores has increased
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to 170 micrometers. In fact, as the percentage of silicon carbide increases, the volume of gas
produced increases, and the interconnection of these gases creates larger pores.

Figure 1. XRD pattern of porcelain sample with 2% by weight silicon carbide after sintering at 1150 ° C

Figure 2. A) 1% sample, B) 2% sample, C) 3% silicon carbide sample.

Figure 3 shows the impact of silicon carbide on the porosity size for samples sintered
at 1150 for 20 minutes. Under the same conditions, samples with 3% silicon carbide have the
highest porosity, and samples with 1% silicon carbide have the lowest porosity. With the
increasing amount of silicon carbide in the structure, the pores’ size has increased significantly
in 2 to 3%.
Figure 4 shows the results obtained by light spectroscopy on each of the four dental
porcelain specimens and the natural tooth specimens with a different porosity percentage. The
structure of natural teeth in the area of enamel and dentin is almost similar and contains 30%
of minerals (inorganic including proteins) and water and 70% of hydroxyapatite
Ca10(PO4)6(OH)2 in terms of weight and 55% and 45% of The opinion is voluminous.

Figure 3. Effect of the amount of silicon carbide in the structure on the size of the pores.
https://biointerfaceresearch.com/
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As shown in Figure 4, photon emission intensity increased with increasing porosity
compared to each other and with the control sample and approached the natural tooth. As
silicon carbide increases in the structure, porosity is created. The intensity of photons reaching
the photocell increases. The difference between the control sample and the sample with silicon
carbide confirms this. At higher percentages of silicon carbide, the photons’ intensity has
increased. It is closer to the natural tooth, which indicates the appropriate effect of
interconnected porosity in dental porcelain on its luminescence properties.

Figure 4. Comparative spectrophotometer for natural teeth and porcelain specimens.

This study aimed to investigate the effect of porosity in dental plaque on its optical
properties and luminescence, which are in good agreement with other researchers' results [2127]. The physical properties of porcelain that lead to light absorption can affect the ceramic’s
optical parameters, such as translucency [26, 28]. A substance consisting of fine particles
(approximately 0.1 mm in diameter) has a lower norm, while larger particles (approximately
10 mm in diameter) result in surface reflection after light impact, light refraction when passing
through, and light absorption [21, 29]. Ceramics with a lower crystalline phase are generally
translucent. Zhang et al. [22] reported that the semi-transparency of ceramics containing the
crystalline phase is 55% lower than that of porcelain without the crystalline phase.
Simultaneously, crystalline phases have less effect on porosity semi-transparency than
porosity, which indicates the importance of porosity on the optical properties of porcelain,
which is in good agreement with the results of this study [20-29].
Figueiredo et al. [23] studied three commercial composite resin samples. They showed
that resin samples emit different wavelengths with varying intensities depending on the sample
type and radiation wavelength. However, all of them emit peaks between 380. They have up to
480 nm. These values were in line with the Lutskaya study [24-26], which was performed on
several patients of different age groups and several common restorative materials. According
to the results of spectrophotometry, increasing the number of minerals in the samples caused
the results to shift to longer wavelengths [26, 27]. Dental restorators, which included composite
resins and ionomer glass, emitted the most fluorescence at a wavelength of 450 nm, compared
to dentures, including low-mineral dentin and enamel, dentin and enamel. High minerals,
enriched teeth, samples were taken from young patients, and samples were taken from older
patients, low mineral Enamel and enriched Enamel shifted from 450 to 550 nm; however, the
intensity of the radiation is greatly reduced, which indicates the great effect of the mineral
https://biointerfaceresearch.com/
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compounds of the teeth on the emitted wavelength and the intensity of the radiation. In other
words, mineralized dental specimens have peaks at higher wavelengths [25].
In the present study, intra-structural porosity was created by adding SiC to dental
porcelain specimens. As more and more continuous porosity in the structure increases, the
necessary space is created for the photons to move and leave the structure [28]. As shown in
Figure 4, high percentages of porosity increase the intensity of the emitted photons. In all
studies, dental materials whose spectrophotometry was performed during the daylight
wavelength have a peak at a distance of 400 to 500 nm [19]. These values depend on the
manufacturer and the selected color of the restorative material [21]. Spectrophotometric results
for porcelain samples in this study showed that all samples had the highest intensity at
approximately 450 nm. Their transparency gradually decreased at longer wavelengths and very
low at wavelengths above 600 nm [26]. The peak diffusion intensity was observed for natural
teeth at 470 wavelengths and for samples at 450 nm [27]. At 450 to 650 wavelengths, natural
tooth fluorescence is higher and more intense than all-porcelain specimens. It is approximately
similar at wavelengths above 650 nm [25].
The results obtained from spectrophotometry are also consistent with the Lutskaya
study [24]. Similarly, the presence of more minerals in the structure caused the radiation
wavelength shift in the dental sample compared to the restorative samples. However, in
general, the increase in porosity in the restorative material structure has increased the intensity
of diffusion. It has brought the transparency of porcelain closer to the transparency of natural
teeth. The propagation wavelength range is the same for fabricated and natural teeth. However,
differences in the crystal structure, natural tooth composition, tubule orientation, and
physiological fluids in the dental tubules have caused diffusion wavelength shifts [25, 29].
4. Conclusions
This study has shown that with increased porosity in the porcelain structure, the
transparency of the sample increases, and it approaches the natural tooth. However, due to the
difference in the structural composition of the shift of about 20 nm in the peak intensity of
dental fluorescence relative to porcelain is observed, which, although not negligible, is
acceptable because the teeth and porcelain are in the same wavelength range. The presence of
porosity in the structure of the filler material causes the freedom of movement of photons,
reduces the internal collisions of photons, and increases the intensity of output photons due to
the sample's transparency. In this study, to simulate these dental tubules, controlled porosity
was created in the porcelain structure, which improves the optical properties of this dental
material, which can be very promising for cosmetic restoration applications.
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