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Abstract

Silicon nitride (SizN4) ceramic is an attractive material for dental applications, especially used as a
dental core material, due to its unique properties including high fracture toughness, high strength,
high wear resistance and non-cytotoxicity. In this study, the SizN. ceramic was fabricated by a
non-pressure sintering technique at a relatively low sintering temperature of 1650°C in nitrogen
atmosphere. Borosilicate glass and 5 wt% Zr0:-added borosilicate glass were used for coating on
the Si3N. core surface because of their compatibility in thermal expansion, high chemical resis-
tance and bio-inert. The specimens were then fired in electric tube furnace at 1100°C. The Vickers
microhardness of borosilicate glass and 5 wt% Zr0:-added borosilicate glass veneering materials
were measured and compared with the commercial dental veneer porcelain as a control (VITA
VMK 95). The cytotoxicity of the SizN4s ceramic and the veneering materials were tested by MTT
assay, using human gingival fibroblasts (HGF) and periodontal ligament fibroblasts (HPDLF). The
results indicate that the SizN4 ceramic and SizN4 ceramic veneered with borosilicate glass or 5 wt%
Zr0z-added borosilicate glass veneering materials tested in this study are not toxic to oral tissue
and can be used to produce dental prostheses.
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1. Introduction

Silicon Nitride SisN, ceramic has long been used for various engineering applications to produce cutting tools,
components of engine, bearing, etc. It possesses unique properties of high fracture toughness, strength, hardness
and wear resistance. In addition, because of its excellent physicochemical behavior and biocompatibility, it has
been used to fabricate orthopedic and prosthetic implants such as knee and hip-joint replacements [1]. SisN, ce-
ramic also has chemical stability and good wetting properties [2] which positively affect the adhesion of the
core-veneer interface and lead to higher strength of the material.

Over the past several years, dental prosthesis has been made of metals such as gold alloy, palladium alloy, ti-
tanium alloy, nickel-chromium alloy, etc. A problem occurs because metal ion released from these alloys may
react with oral tissue and saliva. Dental patients therefore can be affected from toxic metal oxides and metal al-
loy allergies that resulted in inflammation, swelling and bleeding of oral tissue [3]. Another drawback is the un-
desirable metallic color of the prosthesis. Since patients have now become more concerned about aesthetic, the
demand of non-cytotoxic and natural-looking aesthetic restorations has tremendously increased. All-ceramic
restorations thus have been developed for these aesthetic requirements.

Although lacks of long-term stability, Yttria-stabilized zirconia is the material commonly used to produce
dental prosthesis for aesthetic purposes, due to its appearance, high strength and high fracture toughness. Several
reports indicated that the water radicals penetrate the interior zirconia lattice in humid atmosphere [4], resulting
in the formation of tensile stress in surface grains. This leads to destabilization of the tetragonal phase [5] and
greater risk of failure in the long term. SisN, ceramics are more reliable than zirconia in term of its structure and
thus they are preferred candidates for many applications in industrial engineering [4]. However, so far SizN,4 ce-
ramics have not been studied or used as a material for dental applications.

The authors have achieved the white color and high density SisN4 ceramic by pressureless sintering at 1650°C
in nitrogen atmosphere [6]. The white SizN4 ceramic obtained through this procedure was aimed to be used as
the material to produce dental core, the inner part of the dental crown or bridges which was usually produced by
metal alloys. For aesthetic appearance, the dental core must be coated by a veneering material that is compatible
in term of the thermal expansion (CTE of the veneering material has to match with the CTE of the core material).
Borosilicate glass was therefore used as the veneering material since it has a compatible thermal expansion with
silicon nitride ceramic. Furthermore, borosilicate glass posses properties of high chemical resistance and
bio-inert, also its color can be easily adjusted by adding metal oxide, hence the shade of prosthesis could be ad-
justed for each patient. One important thing in real clinical application is the hardness of the dental prosthesis. It
has to be comparable to the hardness of natural tooth because the tooth can be damaged when occluding if the
prosthesis surface is too hard.

Another significant property of the dental prosthesis is non-cytotoxicity. Several previous reports indicated
that silicon nitride ceramic can be used as biomaterial. Silva et al. studied Si;N, implants kept in rabbits’ tibias
for 8 weeks and found that the rabbits” bone could be formed around SisN, implants [7]. Kue et al. studied the
biocompatibility of the polished and unpolished SisN, in an in vitro model using the human osteoblast-like
MG-63 cell line. The polished SisN4 was found to support the bone cell growth and metabolism [8]. Thus, SisN,
implants have been confirmed as non-toxic for clinical use. However, there has been so far no study of the bio-
compatibility and cytotoxicity of SisN, to oral tissue.

The objectives of this study were to investigate the surface microhardness of the SisN, ceramic coated with
borosilicate glass and 5 wt% ZrO,-added borosilicate glass veneer materials and the biocompatibility of SizN,
ceramic and SizN4 ceramic coated with borosilicate glass specimens by MTT assay cytotoxicity testing, using
human gingival fibroblasts and periodontal ligament fibroblasts (HGF and HPDLF) cell culture.

2. Materials and Methods

2.1. Preparation of SizN4 Discs

The starting materials consist of high purity a-SisN, powders (particle size 0.8 um, SN E-10 grade, Ube Indus-
tries, Japan) with Y,0; (RU, Shin Etsu Chemical, Japan), SiO, (KE-P30, Nippon Shokubai, Japan), and MgO
(MJ-30, surface area 31.7 m?g, lwatani Chemicals, Japan) as sintering aids. The weight ratio of silica:magnesia:
yttria is 3:3:5. The mixture was ball-milled using ethanol (99.9%) as a medium for 24 hours in a polyethylene
bottle with silicon nitride balls (SUN-12, diameter 5 mm, Nikkato Corporation, Japan). Subsequently, the mix-
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ture was added in Polyvinylbutyral (PVB 630, mineral 75% and viscosity 50 - 70 cP) by 1 wt%. The homoge-
nized mixture was dried at 60°C in rotary evaporator and was then sieved through a 100-mesh sieve. The mix
powder was formed by hydraulic pressing at 50 MPa and binder burnout at 600°C for 1 h in air. Specimens were
pre-sintered in a BN crucible at 1450°C for 2 h under 1 atm of N, gas flow (2 I/min) in order to find an appro-
priate hardness before being machined into artificial dental core shape. Subsequently, the machined specimen
was sintered again at 1650°C for 2 h in nitrogen atmosphere. Sintered SizN, discs were measured the bulk den-
sity by the Archimedes method using water.

2.2. Preparation of Veneering Materials

Borosilicate glass (<150 micrometer, Pyrex) was mixed with 5 wt% of zirconia powder (3 wt% Y,Os-partial
stabilized zirconia) and 30 wt% of polyvinyl alcohol (5 wt% solution) into paste. The prepared paste was
painted onto the specimens’ surface. Then the specimens were fired by electric tube furnace in air at 1100°C.

2.3. Surface Microhardness Test

Three veneering materials were subjected to microhardness measurement; VMK (control), borosilicate glass,
and 5 wt% ZrO,-added borosilicate glass). The Vickers* hardness values of each specimen were measured with
a microhardness tester (Micromet 11, Buehler, Lake Bluff, IL, USA) using a Vickers’ diamond tip under a 0.2 kg
indentation load for 15 s [9]. Five indentations per specimen were obtained on the top surface. The Vickers’
hardness values were then calculated using the following formula,

1.8544(9.807P)
e
HV is the Vickers hardness value, P is the indentation load and d is the average diagonal length that calculated

by the two diagonal lengths of the indentation. An average value of each specimen was calculated and subjected
to statistical analysis.

2.4. Cell Culture and Reagents

Human gingival and periodontal ligament fibroblasts (HGF and HPDLF) were obtained from extracted ca-
ries-free third molars with the patients’ informed consent, at the Faculty of Dentistry, Srinakharinwirot Univer-
sity, Thailand. The teeth were washed with 70% ethanol and sterile phosphate buffer saline (PBS). The gingival
tissues were gently removed from cervical area and the periodontal tissues were scraped from middle third of the
roots by sterile surgical blades. They were cultivated in Dulbecco’s modified eagle medium (DMEM) (Ther-
moscientific, USA) supplemented with 10% fetal calf serum (DMEM-FCS), 2 mM L-glutamine, 100 1U /ml pe-
nicillin G, 100 IU/ml streptomycin. The media supplements were from Invitrogen, USA. Cultures were main-
tained at 37°C in 5% CO,. After the outgrowth cells reached confluence, they were subcultured into new culture
dishes. HGF and HPDLF from passage 3 - 5 were used in the experiments. MTT (3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) was from Sigma, USA.

2.5. Cytotoxicity Testing by MTT Assay

Cells (150,000 per well) were plated in 6-well-plates in DMEM-FCS in the presence of 6 types of ceramic discs
(blank: control, VMK: veneer (standard), ZrO,: core (standard), borosilicate glass: veneer, 5 wt% ZrO,-added
borosilicate glass: veneer and SigN,: core). After 48 hours incubation, photographs were taken and the discs
were removed by sterile forcep. The media was changed to fresh DMEM (1 ml per well). One hundred pL of
MTT solution (5 mg/ml in phosphate buffered saline) was added to each well and incubated for an additional 30
minutes at 37°C. The media were then discarded and colored formazan product was dissolved in 1 ml of dime-
thyl sulfoxide (DMSO). The plates were gently shaken for 10 minutes and optical density was read at 550 nm.

3. Results and Discussion

The obtained sintered SisN,4 discs are shown in Figure 1. The sintered SisN, ceramic appears in white opaque
color thus is appropriate for using as an esthetic dental core material. Average relative density value result of
Si3N, discs is more than 95.11% by Archimedes method.
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The Vicker’smicrohardness results of SisN, ceramic coated with veneering materials are shown in Table 1.
The Vickers hardness values of borosilicate glass and 5 wt% ZrO,-added borosilicate glass are similar to that of
VMK which is the commonly used commercial veneering material. All these values are within the range of the
hardness of human enamel (3 - 5 GPa) [10].

The cytotoxicity test results of the specimens are illustrated in Figure 2 and Figure 3. There is no statistically
difference between cell retrieved from the control and from the tested specimens (VMK: veneer (standard), ZrO,:
core (standard), borosilicate glass: veneer, 5 wt% ZrO,-added borosilicate glass: veneer and SizN,: core). The
results from this study therefore indicate that all specimens are non-cytotoxic and biocompatible to human gin-
gival and periodontal tissue.

Figure 1. The physical feature of the SizN, discs sintered at 1650°C for 2 h in
top-view (a) and side-view (b), The SisN, ceramic coated with borosilicate
glass through firing at 1100°C (c), and The SizN, ceramic coated with 5 wt%
ZrO,-added borosilicate glass through firing at 1100°C (d).

0.82 0.8156

081 0.808

0.8 107937 0792

0.79 1 0.7818

0.78 -

0.77 -

076 | 0.758

0.75 -

0.74 -

0.73 -

0.72 A T T T T T |
Control VITA VMK95 Zr02 Borosilicate S5wt% ZrO2- Si3N4

glass added glass

Figure 2. The results of the cytotoxicity test of specimens using human gin-
gival fibroblasts.

Table 1. The Vickers’ hardness values of the veneering materials.

Veneering Materials Vickers’ Hardness (GPa)
VITA VMK 95 (Standard) (930°C) 49
Borosilicate Glass (1100°C) 4.2
5 wt% ZrO,-added borosilicate glass (1100°C) 4.0
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Figure 3. The results of the cytotoxicity test of specimens using human peri-
odontal ligament fibroblasts.

4. Conclusion

The white sintered SizsN4 can be obtained by pressureless sintering technique at a low sintering temperature of
1650°C. The borosilicate glass and 5 wt% ZrO,-added borosilicate glass used as veneering materials have mi-
crohardness values within the range of human tooth hardness (3 - 5 GPa). These values are also similar with the
commonly used commercial veneering material, VMK. The results from cytotoxicity test indicate that the sin-
tered Si3Ny,, borosilicate glass veneering material, and 5 wt% ZrO,-added borosilicate glass veneering material
are non-toxic for oral tissue. Therefore, these materials can safely be used to produce dental prostheses.
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