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Abstract

Resistance to Incipient caries and properties of composite resin

containing nano-sized tricalcium phosphate-fluorapatite (TCP-FA) filler

Myung Eun KIM

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Kyoung-Nam Kim, D.D.S., Ph.D.)

Introduction

Composite resin has been widely used for dental restoration because
demand for esthetic application are increased and the properties of
materials are improved. However, secondary caries, which is a carious
lesion around an existing restoration limit longevity of the restoration and
it is a frequent and important reason for the replacement of an existing
restoration. Thus it is need to improve materials in order to effectively
inhibit it.

Tricalcium phosphate [TCP, Ca3(PO4),], which release calcium and
phosphate, has resistance on demineralization and promote remineralization
of tooth. Fluorapatite [FA, Ca;o(POs)F2] releases fluoride and shows
aptitude to delay caries process. It also enhances mechanical properties
when it is added to TCP.

For this reason, the objective of this study was to evaluate resistance

on initial caries and was to investigate material properties of composite

resin containing TCP-FA filler.
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Materials and methods

FA with CaHPO,, Ca(OH), and CaF,, and TCP with CaHPO, and
Ca(OH), were synthesized through dry mechanochemical process. After
synthesis, TCP-FA that mixed fluorapatite-tricalcium phosphate mass ratio
of 4:6 were developed.

Phase analysis of TCP-FA were evaluated with the X-ray diffractometer
(XRD) and morphological feature, size of particle and agglomerate
distribution were investigate by SEM and TEM.

After characteristic analysis, TCP-FA filler were respectively added 0
%, 10 %, 15 %, 20 %, 25 % in resin matrix and resistance on initial
caries, mechanical, physical and biological properties were evaluated

To evaluate resistance on initial caries, resistance of demineralization
and acid neutralization were investigated. Resistance of demineralization
were evaluated by VHN and QFL-D after 24 and 48 hours
demineralization. Acid neutralizing properties were evaluated by pH
change per minute for 90 minutes and time to raise pH from 4.0 to 5.5.

Flexural strength for mechanical properties, water sorption and solubility
for physical properties and cytotoxicity for biological properties were

evaluated.

Results

TCP-FA were identified similar peak with FA and TCP by XRD.
Particle with cubic and spheroidal morphology were observed. Particle
size of TCP and FA were respectively 19.78+6.4 and 26+7.55 nm.

%SMHR (surface microhardness reduction) and AF-value (loss of
fluorescence) of composite resin with TCP-FA filler were lower than that
without TCP-FA filler. Particularly AF-value of Group 4 with 20 % fo

= Vil -



TCP-FA filler and Group 5 with 25 % of TCP-FA filler was respectively
the lowest among all groups after 24 hours and 48 hours
demineralization respectively (p<0.05).

According to add TCP-FA filler, pH change of solution were increased
greatly and rapidly. pH was also increased from pH 4.0 to 55 in a
shorter time by addition of TCP-FA filler. These tendency showed
remarkably in Group 5 (p<0.05).

As the addition of TCP-FA filler, flexural strength were decreased.
Group 5 was especially lowest among all groups (p<0.05) but there were
no difference between other groups except 25 % group (p>0.05).

Water sorption and solubility of all groups were satisfied requirement
ISO 4049 standard and cytotoxicity of all groups except 25 % group

showed non-cytotoxic.

Conclusion

In this study, there were confirmed that nano-sized TCP-FA filler
affected on resistance of demineralization, acid neutralizing properties and
material properties. Particularly composite resin containing 20 % more of
TCP-FA filler were remarkable. However composite resin containing 25
% of TCP-FA filler showed moderate toxic and low flexural strength.
Thus composite resin containing 20 % of TCP-FA filler are effective for

initial secondary caries-inhibition.

Kew word : composite resin, nano-sized TCP-FA filler, resistance of
demineralization, acid neutralization, flexural strength,

water sorption, solubility, cytotoxicity
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Resistance to Incipient caries and properties of composite resin

containing nano-sized tricalcium phosphate-fluorapatite (TCP-FA) filler

Myung Eun KIM

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Kyoung-Nam Kim, D.D.S., Ph.D.)

[ . Introduction

1. Composite resin

If a cavity is already formed due to the progress of initial dental
caries, there is no choice but to restore the tooth using restorative
materials because of the tooth's irreversibility (Lee et al., 2003).

Restorative materials include metal materials such as amalgam and gold
or metal inlay and esthetic materials such as glass ionomer, resin
modified glass ionomer (RMGI), compomer and composite resin (Lai et
al., 2013; Yamada et al., 2004; Chan et al., 2006; Donly et al., 1999).

Prior to 1980, dental amalgam was mainly used for dental restoration,
but it has drawbacks including concerns about the environmental impact
and potential health issues associated with mercury in dental amalgam.
Moreover, it is not esthetic (Kovarik 2009; Osborne et al., 2002). Silicate
cement, which was first introduced as a direct esthetic restorative
material, is not only esthetic but also is anticariogenic due to the release

of fluoride ion (Korean council for the faculty of dental materials, 2011).



However, silicate cement has the disadvantages of being a severe irritant
to pulp tissue. Its pH is less than 3 at the time of insertion and remains
below 7 even after one month. Its high solubility and tendency to
disintegrates in the oral cavity is another disadvantage of silicate cement
(Anusavice, 2006).

Composite resin was developed to overcome the drawbacks of amalgam
and silicate cement and to increase its function and positive properties.
They are complex, tooth-colored filling materials composed of a resin
matrix, particulate ceramic reinforcing fillers and silane coupling agents
which bond the reinforcing fillers to the resin matrix. 80~90 % of resin
matrix utilizes the Bisphenol glycerolate dimethacrylate (Bis-GMA)
monomer (Ferracane, 1995). Bis-GMA has less volatility and
polymerization shrink than traditional methacrylate, greater solidity and a
faster setting time, so as a resin restoration material it is receiving a
great deal of attention (Lim ef al, 1992). Reinforcing fillers comprise
60~80 wt% of composite resin and fillers such as silica, barium,
zirconium and strontium. Fillers are used to strengthen of dental
composite and for, increased stiffness, reduced dimensional change when
heated and cooled, reduced setting contraction, radiopacity, enhanced
esthetics and improved ease of handling. In general, the physical and
mechanical properties of a composite improve in direct relation to the
amount of filler added (Ferracane, 1995).

In their early stage of development, composite resin were for many
years considered acceptable restorative materials for anterior application
(Ferracane, 1995; Lee et al., 2003). At present, however, they have been
widely used for posterior restorations because demand for esthetic
application are increased and the properties of materials which include
mechanical and physical properties are improved by refined resin matrix
and filler and improved bonding systems and methods of composite resin
placement (Kim et al., 2001; Osborne et al., 2002).

_2_



2. Secondary caries to composite resin

The two main challenges in using composite resin are secondary caries
and bulk fracture (Xu et al., 2011). Secondary caries is a carious lesion
around an existing restoration that occurs after the restoration has been in
place for some time (Lai et al., 2013). It is identified as a main
limitation to the longevity of the restoration and is a frequent and
important reason for the replacement of an existing restoration (Xu et al.,
2011), which accounts for 50~70 % of all restoration (Cheng et al.,
2012).

Secondary caries are classified into two. The one is an outer lesion,
which is histologically similar to primary lesion nest to a restoration.
The other one is a cavity wall lesion, appearing as a rim of altered
enamel or enamel and dentin caused by acid penetrating the interface
between restoration materials and cavity wall of tooth (Hals, 1975;
Neuhaus et al., 2012). Marginal microleakage indicates bacterial, fluid
molecular and ion flow into the niche between the restoration material
and tooth (Lee er al., 2003). When marginal microleakage occurs,
bacterial metabolic activity takes place on the inner niche and pH is
lowered by the acid produced by bacterial metabolic activity. Ultimately,
demineralization of the tooth occurs (Hwang er al., 2002). Though
polymerization shrinkage of composite resin differs depending on filler
size and filler content, it is known to be around 2~4 % during
polymerization. Polymerization shrinkage destroys the bond between
composite resin and the tooth and causes marginal microleakgae, and
eventually secondary caries occurs at the exiting restoration (Korean
council for the faculty of dental materials, 2011).

There is thus a need for composites with secondary caries-inhibition
capabilities which improve resistance to demineralization and promote

tooth remineralization.



3. Prevention of secondary caries on composite resin restorative

materials

To prevent of secondary caries, there has been studied that substance
which have anticariogenic effect and antibacterial effect was added to
composite resin (Imazato et al., 1998; Cheng et al., 2012; Moreau et al.,
2011). Fluoride is one of the major anticariogenic agent. Fluoride released
from dental restorative materials affect caries formation through variety
mechanisms including the reduction of demineralization, the enhancement
of reminerlaization, the interference of pellicle and plaque formation and
the inhibition of microbial growth and metabolism. It may thus reduce or
prevent demineralization and promote remineralization of dental hard
tissues. Add to this, fluoride has more great affinity with caries lesion
than sound enamel. So when fluoride is increased around caries lesion, it
is effectively absorbed in caries lesion and inhibit progress of caries. For
this reason, several composite resin, adding fluoride as filler or additive,
hybrid ionomer and compomer with intermediate properties and
composition between composite resin and glass ionomer are developed
(Weigand et al., 2007; Xu and Burgess, 2003; Xu et al., 2008). However
effect of caries inhibition has been questioned because amount of fluoride
release from composite resin and compomer is less than glass ionomer
(Park and Kim, 1997), and physical properties is decreased while fluoride
is increased (Xu and Burgess, 2003).

One method to prevent secondary caries is to add an antibacterial filler
or agent to composite resin (Cheng et al., 2012; Imazato et al., 1998). It
has been reported that the occurrence of caries decreases when an
antibacterial agent is released around a marginal leakage (Kim, 2002). Wu
et al. (2012) have reported that nano silica particles grafted with
quaternary ammonium salt (quaternary ammonium iodide N,N,N-trimethyl-3-

(trimethoxysilyl) propan-1-aminium iodide) have a strong bactericidal effect
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on Streptococcus mutans. The authors have suggested that nano silica
particles grafted with quaternary ammonium salt could be used to improve
the antibacterial properties of dental composite resin. Another study has
reported that antibacterial activity after the curing of dental resin with
incorporated antibacterial monomer 12-methacryloyloxydodecylpyridinium
bromide (MDPB) and an adhesion -promoting phosphoric monomer
demonstrated bacteriostatic activity as a contact antimicrobial (Imazato et
al., 1998). However effect of antibacterial agent released from restoration
and anticariogenic activity are very low and toxicity of substance
releasing antibacterial agent is increased. Addition to, homeostasis of
microbial colony in oral cavity is destroyed and mechanical properties
and physical properties of restoration is degenerated (Kim, 2002).

The method of adding calcium and phosphate ion has also been
suggested. Calcium phosphate, Casein phosphate-amorphous calcium
phosphate (CPP-ACP) and apatite composed of calcium and phosphate
induce tooth remineralization (Xu et al., 2009). Some studies have reported
that in tests of ion release on composite resin containing ACP and
decalcium phosphate (DCPA) respectively, all composite resin containing
ACP and DCPA released calcium and phosphate ions at sustained levels
requisite for remineralization (Skrtic et al, 1996; Xu et al., 20006).
Langhorst et al. (2009) have studied about the remineralization effect of
composite containing ACP on enamel lesions and have reported composite
with ACP indicated greater mineral recovery compared to commercial
orthodontic F-releasing cement. The authors have suggested that composite
with ACP could be considered a useful adjuvant for the control of caries
in orthodontic applications. Calcium and phosphate also affect increment of
pH. In study investigating the acid neutralizing properties, pH of solution
was quickly increased according to add ACP (Moreau et al., 2011).
Therefore calcium ion in ACP affect acid neutralization and could reduce

secondary caries, main challenges facing tooth cavity restoration.
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4. Tricalcium phosphate (TCP) and Fluorapatite (FA)

Calcium phosphates (CaP) based materials have attracted considerable
interest for orthopaedic and dental applications (Ayed and Bouaziz, 2008),
because their chemical composition and properties are similar to that of
bone mineral (Bouslama et al, 2010; Seeley et al., 2008). Especially
they release calcium and phosphate ions which can form hydroxyapatite,
resistant demineralization and remineralize enamel and dentin lesions.
Therefore these materials have been used as filler in dental resin (Xu et
al., 2009). Calcium phosphate belong to an important family of
bioceramics resembling the part of calcified tissues, particularly
hydroxyapatite  Ca;o(PO4)s(OH)2(Hap), tricalcium phosphate Ca3(PO,);
(TCP) and fluorapatite Ca;o(PO4)sF> (Fa) (Ayed and Bouaziz, 2008).

Various calcium phosphates have been distinguished only by Ca/P ratio
(Dorozhkin, 2010). An atomic Ca/P ratio and chemical formula of TCP
is 1.5 and Ca3(PO4)," xH,O respectively (Tabrizi and Fahami, 2013b).

TCP is a material which forms a bioactive bond with natural bone.
TCP has a lower -calcium-to-phosphorous ratio, which increases the
degradation rate when the ceramic is placed in a biological environment.
TCP degrades when in the body and the products are resorbed by the
surrounding tissue and allow for efficient bone tissue engineering as they
can promote apatite formation and simultaneously deliver growth factors
for osteoconduction (Seeley et al., 2008). TCP not only shows good
tissue tolerance with no immunological or toxic reactions (Tabrizi and
Fahami, 2013a) but also promote remineralization on demineralized
enamel due to fill micropore by calcium and phosphate.

However the use of it was always restricted because of their fragility
and their weak resistance to rupture (Bouslama et al., 2013) and decrease
the mechanical properties (Ayed and Bouaziz, 2008) such as flexural

strengths (Xu et al., 2009). Thus there is an need for maximizing the
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mechanical properties of the TCP suitable for biomedical applications
(Bouslama et al., 2013).

Some studies which add other substance such as NaF, CaO (Seeley et
al., 2008), Hap (Hong et al., 2008), FA (Bouslama et al., 2010; Ayed
and Bouaziz, 2008) to TCP have been reported in order to reinforce its
properties.

Fluorapatite (FA) has many potential advantages than hydroxyapatite. It
has an excellent biocompatibility with the adjacent hard tissue and has a
higher chemical and thermal stability (Bouslam et al., 2013; Ayed and
Bouaziz, 2008). FA is formed when the OH in hydroxyapatite of tooth
structure is completely substituted by F (Kahrizsangi et al., 2011). Once
structure of tooth have been transformed into FA, it have strong acid
resistivity than hydroxyapatite and protects dental caries. Moreover FA
can release fluoride and shows aptitude to delay caries process without
the biocompatibility degradation. Also it enhances mineralizaition and
crystalization (Bouslama ef al., 2013; Bouslama et al., 2009; Ayed and
Bouaziz, 2008). What is more FA is usually used in dental application
due to its grater mechanical strength (Kahrizsangi et al., 2011). and when
FA is added to TCP, its mechanical properties are improved (Bouslama
et al., 2009; Ayed and Bouaziz, 2008).



5. Nano-sized particle

Nanotechnology - "nano" meaning a billionth part -, is microfine
technology that is beyond even the micro level. It was introduced In
1981 with the development at IBM research in Switzerland of STM,
which observe combining state inter-atoms. Since the 1990s, advanced
countries such as The USA and, Japan have been studied this as national
research projects. Korea has also made an attempt at the promotion and
development of nanotechnology with the passage of the Development
Promotion Act in 2002 (Kim et al., 2009).

Because the structure and form of a substance are controlled by
nanotechnology and substances or devices with new properties and
functions can be made (Park et al., 2008), even though materials have
the same composition, if nano-sized (50~90nm) materials are produced,
new physical and chemical properties can be expected (Kim et al., 2009).

Recently, nanotechnology has been applied to the field of dentistry and
studies demonstrating its various effects has been done. Glass ionomer
cement containing nano-sized [B-TCP has shown resistance to
demineralization on acid (Hong et al, 2008). Nano-sized hydroxyapatite
in a 0.05 % NaF mouthrinse has the potential to remineralize an early
caries lesion (Kim et al, 2007). Also, a study in which nano-sized ACP
was added to composite resin has reported that enough calcium and
phosphate ion were released for reminerlization (Xu er al, 2011), and
experimental study which measured the mechanical strength of nano-sized
calcium phosphate and micro-sized them has reported that nano-sized
calcium phosphate showed better properties than micro-sized -calcium
phosphate, including improved flexural strength, modulus of elasticity,
Vickers hardness and compressive strength (Lin er al., 2007).

It is therefore necessary to produce a nano-sized particle and to add to

composite resin in order to encourage the release of ion such as calcium,
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phosphate and fluoride due to the higher surface of nano-sized particles,
and then it inhibit demineralization and induce remineralization while

maintaining the conventional properties of the materials.



6. The objectives of this study

After dental caries is treated with composite resin, if the composite
resin inhibits demineralization and induces remineralization, it is expected
to serve as an anticariogenic restorative materials.

Substances as ACP, [3-TCP and apatite are known to inhibit tooth
demineralization and induce remineralization, as has been shown in many
studies (Xu et al., 2011; Mah, 2009; Hamba et al., 2011). However these
materials are added to tooth sealant, glass ionomer cement or
non-restorative cement. Although these materials are added to composite
resin, it is difficult to identify their resistance effect on dental caries
because these materials have been studied with regard to their indirect
resistance to demineralization or promotion of remineralization through
ion release, and have not been directly tested. Existing studies on
composite resin containing these materials are insufficient. A study is
thus need to directly prove the resistance of dental caries on filler added
to composite resin.

Also calcium phosphate be concerned about fracture because its
mechanical properties are decreased (Bouslama ef al., 2013). There have
been some studies about complex materials which mixed two more
materials in order to improve the mechanical properties and the resistance
to demineralization. Mah (2009), Kim (2011) studied about biphasic
calcium phosphate (BCP) in which [B-TCP and hydroxyapatite were
mixed.

FA has beteer mechanical properties than hydroxiapatite when it is
added to TCP. Moreover it not only releases fluoride ion but also delay
dental caries (Bouslama et al., 2009; Ayed and Bouaziz, 2008). However
the studies on it are rare.

In this study, nano-sized TCP and FA were synthesized using a

mechanochemical method and the resulting mixture was used as a
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composite filler. Because TCP steadily releases ion such as calcium and
phosphate. Also FA is expected to release fluoride ion and improve the
mechanical properties of TCP.

Resistance to demineralization and acid neutralization of composite resin
containing TCP-FA filler were performed in order to evaluate resistance
to incipient caries. In addition to mechanical, physical and biological
properties were performed to evaluate properties of composite resin
containing TCP-FA filler.

The objectives of this study were specifically as follows :

1. The -characteristic of TCP-FA is confirmed by XRD, SEM and
TEM.

2. Surface microhardness reduction by vickers hardness(VHN) test and
loss of fluorescence by QLF-D are performed in order to evaluate
resistance to incipient caries of composite resin containing TCP-FA

filler.

3. Acid neutralizing is evaluate by pH change of pH 4.0 solution

immersed composite resin containing TCP-FA filler.

4. Flexural strength of composite resin with TCP-FA filler is measured

in order to evaluate mechanical properties.

5. Water sorption and solubility of composite resin with TCP-FA filler

are measured to evaluate physical properties.

6. Cytotoxicity is measured to evaluate biological properties.
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[I. Materials and Methods

1. Materials

1.1 Synthesis nano-sized TCP-FA filler

In this study mechanochemical method was used to synthesis
nano-sized TCP and FA. TCP-FA which mixed FA and TCP was used

as filler of composite resin.

1.1.1 Synthesis of nano-sized FA

Nano-sized FA was synthesized in accordance with study of
Kahrizsangi et al. (Kahrizsangi et al., 2011; Kahrizsangi et al., 2010). To
synthesize FA, anhydrous dicalcium phosphate (CaHPO., Merck,
Germany), Calcium hydroxide (Ca(OH),, Sigma-Aldrich, Germany), and
Calcium Fluoride (CaF,, Sigma-Aldrich, Germany) was mixed as molar
ratio of 6:3:1.

Mixed powders were ground on a high energy planetary mill (Planetary
ball mill PM 100, RETSCH, Germany). Milling process were performed
in vials using zirconia ball of diameter 20mm under ambient air
atmosphere for 20 hours. The charge-to ball ratio and rotational speed
were 1:20 and 600 rpm, respectively. To prevent excessive heating, the
milling was carried out in 45-min milling steps with 15-min interval
pauses.

Mechanochemical reaction between the materials through high energy

planetary ball mill process are as follows :

6C&HPO4 + 3C3(OH)2 + Can i Cal()(PO4)6F2 + 6H20
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Figure 1. Synthesis of TCP and FA.

a. Powder and zirconia ball as molar ratio of 1:20 were put in the jar.

b. The jar was placed in high energy planetary boll mill and was
operated.

c. After completion of operation, synthesized powder was obtained.

d. Synthesized powder was put in the agate mortar.

e. Fine powder was obtained through grinding.

1.1.2 Synthesis of nano-sized TCP

Nano-sized TCP was synthesized in accordance with study of Tabrizi
and Fahami (2013b). To synthesize tricalcium phosphate, anhydrous
dicalcium phosphate (CaHPO., Merck, Germany) and Calcium hydroxide

(Ca(OH),, Sigma-Aldrich, Germany) was mixed as Ca/P =1.5.
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Mixed powders were ground on a high energy planetary mill (Planetary
ball mill PM 100, RETSCH, Germany). Milling process were performed
in vials using zirconia ball of diameter 20mm under ambient air
atmosphere for 10 hours. The charge-to ball ratio and rotational speed
were 1:20 and 600 rpm, respectively. To prevent excessive heating, the
milling was carried out in 45-min milling steps with 15-min interval
pauses.

Mechanochemical reaction between the materials through high energy

planetary ball mill process are as follows :

Ca(OH), + 2CaHPO; — Cas(PO,), - xH,O(Ca/P=1.5)

1.1.3 Composition of nano-sized TCP and FA

To obtain TCP-FA, synthesized TCP and FA were prepared as mass
ratio of 4:6 (LIBROR AEX-200B, Shimadzu, Japan). Mixture process
were performed in accordance with previous study (Bouslama er al,
2013). Prepared powder were mixed in agate mortar. The powder
mixtures were milled in ethanol for 24 hours (Ball mill, Shamwoo
scientific Co., Korea). After milling, the mixtures were dried in constant
temperature drying oven (Jeil Scientific Ind. Co. Ltd) at 120 C for 48

hours.

1.2 Fabrication of resin matrix

A resin matrix mixture process were performed in accordance with
previous study (Yang ef al., 2013). A resin matrix consisting of 49.5
wt% Bisphenol A glycerolate dimethacrylate (Bis-GMA, Sigma-Aldreich,
Germany), 49.5 wt% Triethylene glycol dimethacrylate (TEGDMA,
Sigma-Aldrich, = Germany), 0.66 wt% 2-  (Dimethylamino)ehtyl
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methacryllate (DMAEMA, Sigma-Aldrich, Germany) and 0.33 wt%
Camphorquinone (CQ, Sigma-Aldrich, Germany) formed.

The mixture was placed in a sonicator (Branson 2210R-DTH, Branson,
USA) for 20 min in order to obtain homogeneous state. Then, the resin
matrix was blended using magnetic stirrer device (WiseStir®MS-20A,

Daihan Scientific Co., Ltd, Korea) in the dark enviornment for 24 hours.

77
77

Figure 2. Fabrication of composite resin.

a. Resin matrix of 30 wt% was prepared.

b. Nano-sized TCP-FA fillers of each groups was prepared.

c. Co-fillers was added in nano-sized TCP-FA filler to be 70 wt% of
total filler amount.

d. Matrix and filler were mixed until evenly mixed.

1.3 Fabrication of composite resin

Composite resin was composed of matrix of 30 wt% and filler of 70
wt%. Commercial barium glass (Schott, Germany) was used as co-filler
of TCP-FA filler. Total filler amount was kept at 70 wt%.

Five groups depending on the proportions of nano sized TCP-FA filler
were fabricated. Group 1 : 0 wt% nano-sized TCP-FA + 70 wt% barium
glass, Group 2 : 10 wt% nano-sized TCP-FA + 60 wt% barium glass,
Group 3 : 15 wt% nano-sized TCP-FA + 55 wt% barium glass, Group 4
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: 20 wt% nano-sized TCP-FA + 50 wt% barium glass, Group 5

wt% nano-sized TCP-FA + 45 wt% barium glass (Table 1).

Table 1. Filler mass fraction in the composite resin (%)

: 25

) Experiment group
Filler
2 3 4 5
nano-sized TCP-FA 10 15 20 25
Barium Glass 60 55 50 45
Total 70 70 70 70

The filler of each group was added into resin matrix and mixed on

vibrator. Then the

were placed in sonicator

2210R-DTH, Branson, USA) in the dark environment for 15 minutes.
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2. Methods

2.1 Characteristic analysis of synthesis powder

2.1.1 XRD analysis

Phase analysis and structural features of TCP-FA were evaluated by X-ray
diffractometer (XRD, Ultima IV, Rigaku, Japan). The diffractometer was
operated at 40 kV and 30 mA. All measurements were performed within a
diffraction range of 20 °< 20 < 70 ° at scan speed of 1 ° min .

The XRD patterns were compared to standards compiled by the Joint
Committe on Powder Diffraction and Standards (JCPDS), which involved
card #015-0876 for FA, #018-0303 for Casz(PO4),xH,0O, #09-0169 for B-TCP,

#01-1079 for Ca(OH),, #01-1274 for CaF,, and #09-0080 for CaHPO.,.

2.1.2 Scanning electronic microscopy (SEM) analysis

The microstructure such as morphological feature and agglomerate
distribution of TCP, FA and TCP-FA were observed on a field emission
scanning electronic microscopy (FE-SEM, JSM-6701F, JEOL, Japan).

Prior to SEM analysis, each powder coated with a thin layer of gold
with a PVD apparatus (sputter coater 108auto, Cressington Scientific
instruments Ltd., England). The accelerating voltage and vacuum control

were 5.0 kV and fully automated respectively.

2.1.3 Transmission electron microscope (TEM) analysis

The size and morphology of TCP, FA and TCP-FA were observed on
a transmission electron microscope (TEM, JEM-1011, JEOL, Japan) that

operated at the acceleration voltage of 100 kV.
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Before measurement, each powder was diluted in ethanol and was
placed sonicator for 15 min in order to prevent aggregation. A dilute
suspension of the each powder collected on carbon-coated copper grids

and allowed to dry for 3 min.
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2.2 Measurement of resistance of demineralization

2.2.1 Preparation of specimen

Bovine teeth were used for measurement of resistance of demineralization
and were stored in distilled water at 4 C until preparation of specimens.
Bovine teeth were sectioned to crown and root with diamond disk (D+Z,
Germany) and low speed handpiece and crown were used. Teeth block
were prepared 5 X 8 mm size on flat surface of crown and then debris
were removed mechanically with hand and ultrasonic scaler. Enamel
surface of teeth block were cleaned with a prophylaxis paste without
fluoride and were treated ultrasonically in distilled water for 30 minutes.

Teeth block were embedded in acrylic resin block of 20 X 11 X 8
mm (length, width, height respectively) with oval hole (longer side : 12
mm, shorter side : 8§ mm) and then were ground using a automatic
polished machine (ECOMETII, Buehler, USA) with 200, 400, 800, 1200
and 2000 grit silicone carbide paper under wet conditions to expose flat
enamel surfaces. Finally enamel surface were polished with oxide alumina
powder (Junsei chemical Co., Ltd., Japan) and low speed handpiece and
were cleaned using ultrasonic machine (Branson 2210R-DTH, Branson,
USA) for 30 minutes to remove residue. Enamel surface were rinsed with
distilled water and then were stored at 4 C until test.

Prepared specimen with dentin exposures, any cracks and defects were
excluded and specimens with Vickers hardness value between 200 and
300 through Vickers hardness test (DMH-2, Matsuzawaseiki, Japan) were
used. Total one hundred specimens were obtained and were divided
randomly into 5 groups of 20 each.

To measure of resistance of demineralization, rectangular cavities with a
length of 4 mm, a width of 2 mm and a depth of 2 mm were prepared

using a #330 bur and high speed handpiece with water coolant. Identical
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sized polyester window film (2 X 4 X 2 mm) were attached on the
specimen to reduce size error between cavities. Margin of cavities were
finished with fissure bur. Cavities were rinsed with running distilled
water and were dried.

Composite resin were placed into the cavities, pressed with polyester
film and glass slide and cured with a light-curing unit (Bluephase,
Ivoclar Vivadent Ltd., Liechtenstein) for 60 sec. The restored surface
were polished flat using a automatic polished machine (ECOMETII,
Buehler, USA) with 2000 grit silicon carbide paper.

The half of surface were painted thinly with nail varnish 2 to 3 times

and then were stored in distilled water at 37 C until test.
2.2.2 Process of demineralization
2.2.2.1 Preparation of Demineralization Solution

Demineralization solution was prepared in accordance with study of
Kim (2011) and Lee et al. (2012).

1.0 M concentration of lactic acid that 88.5 mL of 85 % lactic acid
solution (Sigma-Aldrich, Germany) was mixed with distilled water to be
volume of 1000 mL and was aged in water bath (BW-05E, JEIOTECH
Co. Ltd., Korea) at 90 C for 8 hours was prepared.

10 g of carbopol (Carbopol® ETD 2050 polymer, Noveon Inc., USA)
was added to 900 mL of distilled water and was stirred without heating
for 24 hours. Then 50 % of NaOH solution was added to carbopol
solution on stirrer device (WiseStir®MS-20A, Daihan Scientific Co., Ltd,
Korea) until pH 7.0 (Orion 4 star, Thermo Electron corporation, USA).

50 cc of 1.0 M lactic acid solution was mixed with distilled water to
be volume of 500 mL and was adjusted pH with 50 % of NaOH
solution (pH 4.8). Then 1.5 g of tribasic calcium phosphate (HAP,
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Sigma-Aldrich, Germany) was added to them and was adjusted with 50
% of HCI for 30 minutes to maintain pH 4.8. After 30 minutes, solution
was filtered with vacuum filtration device and 50 cc of 1M lactic acid
and 500 cc of 1 % carbopol were added to filtered solution. Distilled
water was filled to be volume of 1000 cc and was adjusted to pH 4.8
with 50 % of NaOH.

Figure 3. Making process of demineralization solution.
. 1 % carbopol solution was adjusted to pH 7.0
1 M of lactic acid was adjusted to pH 4.8.
c. 1.5 g of HAP was added to (b) solution and was adjusted pH for

o

=3

30 minutes to maintain pH 4.8.

d. Solution was filtered with vacuum filtration device.

2.2.2.2 Demineralization of specimen

The specimens were rinsed with distilled water and were dried. The
specimens were individually immersed in plastic container containing 5
mL demineralization solution. 10 specimens per each group were stored
at 37 C for 24 hours and 10 specimens per each group were stored at
37 C for 48 hours

After demineralization of specimens, specimens were rinsed with
distilled water for 3 minutes and were dried. Then nail varnish on

specimens were removed with acetone.
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2.2.3 Measurement of demineralization resistance

2.2.3.1 Microhardness test

Microhardness of Demineralization surface and sound surface were
measured using microhardness testing machine (DMH-2, Matsuzawaseiki,
Japan) attached vickers diamond indenter.

Vickers diamond indenter was placed inner 1 mm around restoration
and were pressed vertically with load of 200 g for 10 sec. The mean of
four part (upper, lower, right left) was calculated.

The percentage of surface microhardness reduction (SMHR) was

calculated using the following equation :

%SMHR = 100 (VHNsound - VHNdemin)/ VHNgound

where VHNgug 18 Vickers hardness number of sound surface and

VHNyemin 18 Vickers hardness number of demineralization surface.

2.2.3.2 Quantitative Laser Fluorescence test

The mineral loss in demineralization specimens was evaluated by
fluorescence loss values using a quantitative laser fluorescence-digital
device (QLF-D Biluminator TM, Inspektor research system BV,
Amsterdam, Netherlands, Figure 4).

The specimens were placed on flat floor and were focused on the
five-folder magnification. Then QLF-D examinations were performed in
the dark environment.

After examination, identical size window was designated on image to
reduce error of measurement and AF value as fluorescence loss values

of demineralized surface compared to sound surface were recorded using
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the QA2 program (version 1.23, Inspektor research system BV,
Netherlans).

(A) (B)

Figure 4. The QLF-D. This device (A) is based on a full-sensor SLR
camera epuipped with an illumination tube with white and
blue light-emitting diodes positioned in a ring around the
lens opening(B) (Lee et al., 2013).
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2.3. Acid neutralizing properties

2.3.1 Preparation of specimen

Stainless steel mould with 2 mm of length, 25 mm of width and 2
mm of height was placed on polyester film on slide glass (Marienfeld,
Paul marienfeld GmbH & Co.KG. Germany) and was filled with
materials as evenly as possible without bubbles or voids in the mould
with a slight excess.

Second film was placed on the mould and covered this with second
slide glass. Restoration in the mould were light-cured using a light-curing
unit (bluephase, Ivoclar Vivadent Ltd., Liechtenstein). A light-curing unit
was moved and was cured overlapping from the section to another
section for each 40 sec until entire length of the specimens has been
cured. This procedure was repeated on the other side of specimens. After
light-curing, The specimens were removed form the mould and carefully
removed any were abraded with 600 grit silicone carbide paper (Daesung,

Korea). Twelve specimens were prepared in each group.

2.3.2 Process of acid neutralizing

A sodium chloride (NaCl, Ducsan pure chemicals co. Ltd, Korea)
solution (133 mmol/L) was buffered to pH 4.0 with Ilactic acid
(Sigma-Aldrich, Germany).

Following previous studies (Geurtsen er al., 1999), three specimens
were immersed in 15 mL solution, yielding a specimen surface/solution
of 42.4 mm’/mL.

As soon as the specimens were immersed in the acid solution (pH
4.0), the pH of the solution was monitored with pH meter (Neomet
pH-220L, HY co., Korea). The pH meter had been calibrated at pH 4.01,
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pH 7.00 and pH 10.00 before use. The pH was recorded versus minute
which was continued for 90 minutes. This procedure was repeated 3

times using new specimens.

2.3.3 Measurement of acid neutralizing

To identify acid neutralizing properties, The pH change of solution per
minute were measured. And to measure raising time of pH value in

solution, the time required to raise from pH 4.0 to pH 5.5 was

investigated from data which was obtained previous pH change test.
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2.4 Mechanical properties

2.4.1 Preparation of specimen

To measure mechanical properties, preparation of specimens were
performed according to ISO 4049 standard (2009). Stainless steel mould
with 2 mm of length, 25 mm of width and 2 mm of height was placed
on polyester film on slide glass (Marienfeld, Paul marienfeld GmbH &
Co.KG. Germany) and was filled with experimental materials as evenly
as possible without bubbles or voids in the mould with a slight excess.
Second film was placed on the mould and covered this with second slide
glass.

Restoration in the mould were light-cured using a light-curing unit
(bluephase, Ivoclar Vivadent Ltd., Liechtenstein). A light-curing unit was
moved and was cured overlapping from the section to another section for
each 40 sec until entire length of the specimens has been cured. This
procedure was repeated on the other side of specimens.

After light-curing, The specimens were removed form the mould and
carefully removed any were abraded with 400 grit silicone carbide paper

(Daesung, Korea). Ten specimens were prepared in each group.

2.4.2 Process of flexural strength testing

The width and height of specimens were measured at its centre to an
accuracy of 0.01 mm. After the specimen were transferred to the flexural
strength testing apparatus (Instron 3366, Instron, USA), A load was
applied to the specimen at a cross-head speed of 1 mm/min until the
specimens were fractured. The maximum load were recorded and the

flexural strength (0) was calculated using the following equation :
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0 = 3F1 / 2bh?

Where F is the maximum load exerted on the specimen

[ is the distance between the supports (20 mm)
b is the width of the specimen

h is the height of the specimen

After test were repeated on the nine other specimens, the mean of ten

flexural strength value was calculated in each group.
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2.5 Physical Properties

2.5.1 Preparation of specimen

Water sorption and solubility of composite resin were performed
according to ISO 4049 standard (2009).

To prepare specimen, the mould with 15.0 mm of diameter and 1.0 mm
of height was placed on polyester film on slide glass. The mould was
filled with composite resin of each group as evenly as possible without
bubbles or voids with a slight excess. Second film was placed on the
mould and covered this with second slide glass. Restoration in the mould
were light-cured using a light-curing unit (bluephase, Ivoclar Vivadent Ltd.,
Liechtenstein). A light-curing unit was moved and was cured overlapping
from the section to another section for each 20 sec until entire whole
specimens has been cured. This procedure was repeated on the other side
of specimens. After light-curing, The specimens were carefully removed
from the mould and were polished with 1200 grit silicone carbide paper

(Daesung, Korea). Ten specimens were prepared in each group.

2.5.2 Process of water sorption and solubility test

All specimens were stored in incubator (ILP-02, JEIOTECH CO. Ltd.,
Korea) maintained at (37+1) C for 22 hours. Then specimen were
transferred to another incubator maintained at (23+1) C and were stored
for 2 hours.

Specimens were weighted repeatedly using analytical balance (Eltra 84,
Germany) with an accuracy of 0.1 mg until a constant mass (m;) was
obtained.

After final drying, diameter and thickness of the specimens were

measured using digital caliper with an accuracy of 0.01 mm and mean of
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that were calculated by measuring two times and four times respectively.
The volume (V) of specimen were calculated with the mean diameter and
thickness.

The specimen was immersed in 10 mL of distilled water at (37+1) T
for 7 days. After 7 days, the specimens were removal from stored
container and rinsed with distilled water, which were blotted away
surface water until free from visible moisture waved in the air for 15
sec and weighed. This mass was recorded as m..

After the weighing, specimens were transferred to incubator and weight
of dried specimens were measured daily until a constant mass (m3;) was
obtained.

Water sorption (W) and solubility (W) of specimens were calculated

using the following equations :
Wsp = (I’}’lz—l’l’l3) [V
Where m, is the mass of the specimen after immersion in water for 7
days

m3 is the mass of the dried specimen

V is the volume of the specimen
Wsl = (ml-m3) [V
Where m; is the conditioned mass prior to immersion in water

ms is the mass of the dried specimen

V is the volume of the specimen
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2.6 Biological properties
2.6.1 Preparation of specimen

To prepare specimen for cytotocxicity, the mould with 15.0 mm of
diameter and 1.0 mm of height was placed on polyester film on slide
glass. The mould was filled with composite resin of each group as
evenly as possible without bubbles or voids with a slight excess. Second
film was placed on the mould and covered this with second slide glass.
Restoration in the mould were light-cured using a light-curing unit
(Bluephase, Ivoclar Vivadent Ltd., Liechtenstein). A light-curing unit was
moved and was cured overlapping from the section to another section for
each 20 sec until entire whole specimens has been cured. This procedure
was repeated on the other side of specimens. After light-curing, The
specimens were carefully removed from the mould and were polished
with 1200 grit silicone carbide paper (Daesung, Korea). Six specimens

were prepared in each group.

2.6.2 Process of cytotoxicity test

MTT (3-(4,5-dimethylithiazol-2-yl)-2,4-diphenyltetrazoliumbromid) assay
which was utilized in order to measure cytotoxicity was performed
according to ISO 10993-5 standard (2009).

The specimens, the ratio of area to solution is about 3cm® to mL

according to ISO 10993-12 standard (2012), were incubated in cell
culture medium at 37C for 24 hours. Negative control was utilized
serum free cell culture media under the same extraction condition as
vehicle control.

1 x 10%well of L929 cell dispensed 100 pplL culture medium into
96-well plate and were incubated for 24 hours. After 24 hours
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incubation, culture medium were aspirated from the cells. 100 puL
extract per well were added and were incubated at 37 C for 24 hours.
After 24 hours treatment, the culture medium were removed from the
plates and were washed with PBS. After incubation were completed, 50
pul of the MTT solution (Sigma-Aldrich, Germany) on Img/mL in
phenol red free RPMI 1640 media (welgene, Korea) was added to each
test well and the plates were further incubated at 37 C for 2 hours.
After 2 hours incubation, MTT solution was removed and 100 puL of
dimethyl sulfoxide (DMSO, Amresco, USA) were added in each well.
This plate was put on the shaker for 30 minute. The absorbance were
read at a 540 mn of wavelength using spectrophotometer (Epoch,
Bioteck, USA).

The reduction of viability compared to the blank were calculated using
the following equations :

Viability (%) = % X 100
5400b

where
ODs49. is the mean value of the measured optical density of the test

sample.

ODs490p is the mean value of the measured optical density of blanks
2.6.3 Evaluation of cytotoxicity
Degree of cytotoxicity was evaluated applying standard criteria of

Jung's study (2009).

The standard criteria was shown in Table 2.

_31_



Table 2. Grades of cytotoxicity corresponding to cell viability percentage

%Viability Cytotoxicity grade
600 - 100 None cytotoxic
30 - 60 Moderate cytotoxic
0 - 30 Severe cytotoxic
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2.7 Statistical analysis

The all data of surface microhardness reduction, loss of fluorescence,
acid neutralization, flexural strength, water sorption, solubility and
cytotoxicity were analyzed with one-way ANOVA for the significant
effects of the variables. Tukey's multiple comparison test was used to
compare each groups. The significance level of all data was 0.05. The
correlation between loss of fluorescence and surface microhardness
reduction was analyzed with Pearson's correlation. The significance level
of all data was 0.01. All analysis were tested using SPSS 12.0 program
(SPSS Inc., USA).
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III. RESULTS
1. Characteristic analysis of synthesis powder

1.1 XRD analysis

XRD pattern of TCP-FA was indicated in Figure 5. As Figure 5, the
appearance of powder had a similar pattern to FA (JCPDS #15-0876) and
TCP (JCPDS #018-0303) except for additional peak which was observed
at 20 = 29.6-31.1. In addition, it was confirmed that broad peaks were
formed at 26 = 34.52-36.02, 39.2-39.24, 51.06-53.04 (Figure 5).
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Figure 5. The XRD patterns of TCP-FA filler.

1.2 SEM analysis

The image of TCP, FA and TCP-FA by SEM were shown in Figure 6

(a, ¢, e).
All of the power could be observed in a cluster like shape. In other

words, one agglomeration comprised of several fine particles. Number of
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particles forming agglomeration were irregular and their surfaces are not
smooth. For this reason, it was difficult to reliability identify the

morphological feature of each powder.

1.3 TEM analysis

The image of TCP, FA and TCP-FA by TEM were shown in Figure 6
(b, d, 9.

The particles of all powder showed at high tendency toward
agglomeration and number of particles did not possess regularity with on
SEM image. However, in contrast with SEM, it was possible to partially
identify morphological feature of particles. The TCP and FA particles
were particularly spheroidal (6-b) and cubic (or rod) (6-d). That of
TCP-FA were a mixture of features of TCP and FA (6-f).

Only particles which had a distinct boundary were chosen and

measured for size. TCP particles size were 19.78+6.45 nm, FA particles

size were 26+7.55 nm.
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Figure 6. SEM and TEM images of the TCP (a, b), FA (c, d), and
TCP-FA (e, ).
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2. Analysis on resistance of demineralization

2.1. Evaluation of surface microhardness

Surface microhardness reduction (%SMHR) of composite resin with
addition of TCP-FA filler were shown in Table 3.

As a result of demineralization for 24 hours, Surface microhardness
reduction (%SMHR) of Group 4 with 20 % of TCP-FA filler
(41.75+£6.01) was lowest among groups but there were not significant
differences (p>0.05).

As result of demineralization for 48 hours, Surface microhardness
reduction (%SMHR) of Group 5 with 25 % of TCP-FA (filler
(59.4745.50) was lowest among groups but there were also no significant
differences (p>0.05).
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Table 3. Surface microhardness reduction of each groups

contents of

Demineralization for 24 hours

Demineralization for 48 hours

T(fili:zA VHNqound VHN gemin VHNs p %SMHR VHNound VHN gemin VHNs p %SMHR
Group 1 261.37+18.58 132.36:x18.94 129.05:18.80 49.34£6.23  275.28+26.68 88.58+13.36 186.70+33.45 67.35+6.98
Group 2 252.49+2036 136.52+16.93 116.02431.23 45.40£9.96  260.19+26.50 86.16£16.00 174.03+32.18 66.50+7.46
Group 3 261.79+26.46 149.92+15.96 111.86+27.55 42.28+7.90  256.64+28.55 88.79+13.16 167.85£19.71 65.44+2.97
Group 4  256.11221.69 148.87+16.60 107.27+19.54 41.75:6.01 261.02+22.89 96.92+18.56 164.10£31.62 62.51+8.67
Group 5  268.65440.92 151.49£19.80 117.20439.74 42.70+10.03  261.64+22.89 105.63+14.44 156.01422.63 59.47+5.50
p-value 0.718 0.060 0.521 0.226 0.560 0.038 0.182 0.064

Values are reported as the Mean + Standard deviation (n=10).

p-value by one-way ANOVA test

Group from 1 to 5 represent composite resin containing 0 %, 10 %, 15 %, 20 %, 25 % of TCP-FA filler respectively.

VHNgound : hardness of sound surface by Vickers Hardness test

VHNgemin : hardness of demineralized surface by Vickers hardness test

VHNsp : difference between VHNgoung and VHNsp

%SMHR : surface microhardness reduction
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2.2. Evaluation of Quantitative Laser Fluorescence (QLF-D)

In order to confirm resistance of initial demineralization of composite
resin on addition of TCP-FA filler, AF value (loss of fluorescence) of
specimen was calculated and compared (Table 4 and Figure 7).

As result a result of demineralization for 24 hours, AF value was
significant different as on addition of TCP-FA filler (p<0.05), AF value
of Group 4 with 20 % of TCP-FA filler (10.12+1.49) was significantly
lower than Group 1 without TCP-FA filler (13.21+£2.07) (p<0.05).

As a result of demineralization for 48 hours, AF value was also
significantly different on addition of TCP-FA filler (p<0.05), AF value
of Group 5 with 25 % of TCP-FA filler (14.33+£5.42) was significantly
lower than Group 1 without TCP-FA filler (24.53+4.87) (p<0.05).

Table 4. Degree of fluorescence loss in each groups

AF value after AF value after
contents of ] o ) o
demineralization for 24 demineralization for 48
TCP-FA filler

hours hours
Group 1 10 13.21£2.07% 24.53+4.87%
Group 2 10 12.05+1.88% 23.39+8.24%
Group 3 10 11.72+2.16™ 18.66+6.44™
Group 4 10 10.12+1.49° 18.40+7.87%
Group 5 10 10.97+1.80% 14.3345.42°

Values are reported as the Mean + Standard deviation.

p value < 0.05 by one-way ANOVA test

*® The same characters are not significant by Tukey's mutilple comparison at a=0.05
Group from 1 to 5 represent composite resin containing 0 %, 10 %, 15 %, 20 %, 25
% of TCP-FA filler respectively.

AF : loss of fluorescence
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2.3. Correlation between loss of fluorescence and surface microhardenss

reduction

Correlation between loss of fluorescence and surface microhardness
reduction were shown in Table 5.
After demineralization for 24 hours and 48 hours, loss of fluorescence

and surface microhardness reduction had significant correlation (p<0.01).

Table 5. Correlation between AF value by QLF and %SMHR by VHN

%SMHR
24 hours 48 hours

24 hours 0.767" -

48 hours - 0.7217

AF

*

* p<0.01 by person's correlation analysis

Group from 1 to 5 represent composite resin containing 0 %, 10 %, 15 %, 20 %, 25
% of TCP-FA filler respectively.

%SMHR : surface microhardness reduction

AF : loss of fluorescence
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Group 1

Group 2

Group 3

Group 4

Group 5

24 hours demineralization 48 hours demineralization

Figure 7. QLF images of each groups after 24 hours and 48 hours

demineralization.
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3. Acid neutralizing properties

3.1 pH change of the solution by time

Figure 8 was shown pH change of solution per minute. pH change per
minute increased rapidly with the increase in content of TCP-FA filler.

pH change of Group 5 showed an increase of the highest magnitude in
the shortest time among all groups, while that of Group 1 was hardly
changed (Figure 8).

There were no significant difference among groups for 1 minute
(p>0.05), but after 2 minutes, there were significant differences of pH
change in order Group 5 > Group 4 > Group 3 > Group 2 > Groupl
(p<0.05). The result by Tukey HSD test showed that pH change of
Group 4 and Group 5 were significant higher than Group 1 from 2 to
90 minutes after immersion, that of Group 3 and Group 4 were
significant higher than Group 1 from 10 and 12 after immersion
respectively (p<0.05). Though these difference between groups were
irregularly shown up to 63 minutes, all groups was completely shown a
significant difference from 64 to 90 minutes after immersion (p<0.05,
Table 6).
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Figure 8. pH change of pH 4.0 solution by time. Values are reported
as the Mean + Standard deviation (n=4).
p value < 0.05 by one-way ANOVA test
Group from 1 to 5 represent composite resin containing 0 %,
10 %, 15 %, 20 %, 25 % of TCP-FA filler respectively.
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Table 6. Difference of each groups on pH value of pH 4.0 from 1 to 90

minutes

min Group 1 Group 2 Group 3 Group 4 Group 5

2 min  4.04+0.18"  4.15£0.67°  4.16£0.95°  4.28+0.69°  4.34+0.13°
10 min  4.05£0.22°  4.25+0.10°  4.30+0.17°  4.49+0.12°  4.86+0.87°
12 min  4.05+£0.18°  4.30+0.11°  4.37+0.13*  4.56+0.13%  4.91+0.13¢
15 min  4.05+0.18°  4.3240.13%®°  4.42+0.12*  4.63+0.15°  5.04+0.17¢
30 min  4.06+0.03°  4.38+0.13®°  4.59+0.21°  5.1740.04°  5.65+0.20%
45 min  4.07£0.02°  4.41+0.13®  4.70+0.23°  536+0.13°  5.91+0.26"
60 min  4.08+0.03*  4.45+0.14°  4.79+020°  5.47+0.14%  6.20+0.17°
64 min  4.08+0.03*  4.46+0.14°  4.79+0.18°  5.49+0.15%  6.26+0.17°
75 min  4.08+0.03*  4.50+0.15°  4.86+0.21°  5.58+0.15%  6.39+0.09°
90 min  4.08+0.03*  4.53+0.15°  5.01%0.27°  5.67+0.14%  6.56+0.19°

Values are reported as the Mean + Standard deviation. (n=4).

p value < 0.05 by one-way ANOVA test.

*¢ The same characters are not significant by Tukey's mutilple comparison at a=0.05.
Group from 1 to 5 represent composite resin containing 0 %, 10 %, 15 %, 20 %, 25
% of TCP-FA filler respectively.

Table 6 was showed the value every 5 minutes for convenience.

3.2 Time to raise pH from 4 to 5.5

Figure 9 showed the time taken for the composite to increase the
solution's pH from 4 to 5.5.

Time to reach pH 5.5 in Group 5 (26.5+7.19) was more rapid than in
Group 4 (57+16) (p<0.05). In contrast, Group 3, Group 2 and Group 1

never reached pH of 5.5. until 90 minutes.
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Figure 9. Time to raise the solution pH from 4.0 to 5.5. The rod
represent the mean of time to raise the solution' pH from
4.0 to 5.5 of 4th in each groups and error bar represents
the standard deviation of the mean values (p<0.05 by
independent two samples t-test).
Horizontal bur represent never reached pH 5.5 until 90
minutes.

Group from 1 to 5 represent composite resin containing 0 %,

10 %, 15 %, 20 %, 25 % of TCP-FA filler respectively.
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4. Mechanical properties

4.1 Flexural strength evaluation

Figure 10 were shown the results of 3-point flexural strength of
composite resin used in this study. On addition of TCP-FA filler, flexural
strength values among groups were significantly different  (p<0.05).
Increasing of contents of TCP-FA filler, resulted in decreased flexural
strength values in order Group 5 (71.39424.95) > Group 4 (89.28+15.09)
> Group 3 (98.28+19.05) > Group 2 (102.50£18.58) > Group 1
(115.43£29.67). The flexural strength value of Group 5 was lower than
Group 1, Group 2 and Group 3, while there were no difference among

groups except Group 5 (p>0.05).
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Figure 10.
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3-point flexural strength values of composite resin with
TCP-FA filler contents. The rod represents the mean of
flexural strength values of 10 specimens in each groups and
error bar represents the standard deviation of the mean
values.

Group from 1 to 5 represent composite resin containing 0
%, 10 %, 15 %, 20 %, 25 % of TCP-FA (filler

respectively.
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5. Physical properties

Water sorption and solubility were measured in order to evaluate

physical properties (Table 7).

Table 7. Comparison of water sorption and solubility between each groups

Group 1 Group 2 Group 3 Group 4 Group 5

water

. 18.0242.82%  11.76+1.20° 17.18+3.13" 17.84+4.50" 24.4342.54°
sorption

solubility ~ 3.89+1.08*  5.00+1.32®  4.80+075®  5.14+0.98"  5.80+1.98"

Values are reported as the Mean + Standard deviation (n=10).

p value < 0.05 by one-way ANOVA test.

*¢ The same characters are not significant by Tukey's mutilple comparison at a=0.05.
Group from 1 to 5 represent composite resin containing 0 %, 10 %, 15 %, 20 %, 25
% of TCP-FA filler respectively.

5.1 Water sorption evaluation

The result of water sorption were shown in Figure 11. Water sorption
of all groups satisfied requirement (= 40 pyg/mm) of ISO 4049 standard
(2009). There were significant differences of water sorption, among all
groups (p<0.05). Water sorption of Group 5 (24.43+2.54) were greatest
and that of Group 2 (11.76+1.20) was lowest among all groups (p<0.05).
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Figure 11. Water sorption values of composite resin with TCP-FA filler
contents. The rod represents the mean of water sorption of
10 specimens in each groups and error bar represents the
standard deviation of the mean values.
Group from 1 to 5 represent composite resin containing 0
%, 10 %, 15 %, 20 %, 25 % of TCP-FA (filler

respectively.
5.2 Solubility evaluation

The result of solubility were shown in Figure 12. Solubility of all
groups satisfied requirement (< 7.5 pg/mn) of ISO 4049 standard (2009).
There were significant differences in solubility among all groups (p<0.05).
Solubility of Group 5 (5.80+1.98) was greatest while that of Group 1
(3.89£1.08) was lowest among all groups (p<0.05).
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Figure 12.
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Solubility values of composite resin with TCP-FA filler
contents. The rod represents the mean of solubility of 10
specimens in each groups and error bar represents the
standard deviation of the mean values.

Group from 1 to 5 represent composite resin containing 0
%, 10 %, 15 %, 20 %, 25 % of TCP-FA (filler

respectively. Bar represents.
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6. Biological properties

6.1 Cytotoxicity evaluation

The result of cytotoxicity were shown in Table 8 and Figure 13, 14.

Optical density in undiluted solution were differences among groups
(p<0.05). Optical density of Group 5 was lowest among groups. In
contrast optical density in diluted solution by 50 % were not different
among groups.

%Viability in undiluted solution were significant differences among
groups (p<0.05). Group 5 (0.64+0.02) showed lower %Viability than Control
group (1.56+0.11) (p<0.05). Whereas %Viability in diluted solution by 50 %
were not different among groups (p>0.05).

The result of assessment of cytotoxicity based on %Viability was
shown in Table 9. %Viability in all groups except Group 5 was more
than 60 %. Thus it was assessed that there was no cytotoxicity in all
groups, except Group 5. Cytotoxicity of Group 5 in undiluted solution
was moderate while that there was no cytotixicity in diluted solution by
50 %.
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Table 8. Optical density of each groups according to concentration-dilution

optical density optical density

(undiluted solution) (diluted solution by 50 %)
Control 1.56+0.11° 1.56+0.11
Group 1 1.14£0.00™ 1.43+0.07
Group 2 1.02+0.27% 1.33+0.27
Group 3 1.01£0.19* 1.26+0.25
Group 4 1.06+0.32% 1.29+0.33
Group 5 0.64+0.02° 1.12+0.11
p-value 0.043 0.480

Values are reported as the Mean+Standard deviation (n=6).
p-value <0.05 by one-way ANOVA test.
*® The same characters are not significant by Tukey's multiple comparison at a=0.05

Group from 1 to 5 represent composite resin containing 0 %, 10 %, 15 %, 20 %, 25
% of TCP-FA filler respectively.
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Figure 13. undiluted solution. Figure 14. diluted solution by 50 %.

Figure 13 and 14. %Viability values in undiluted solution and diluted

solution by 50 % respectively of composite resin
with TCP-FA filler contents. The rod represents the
mean of %Viability of 6 specimens in each groups
and error bar represents the standard deviation of the
mean values.

Group from 1 to 5 represent composite resin
containing 0 %, 10 %, 15 %, 20 %, 25 % of
TCP-FA filler respectively.

Control represent negative control to be blank.

“® The same characters are not significant by

Tukey's multiple comparison at a=0.05
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Table 9. Evaluation of cytotoxicity

% Viability % Viability .
. . . ) Cytotoxicity
(undiluted solution) (diluted solution by 50 %)

Group 1 73.1 91.4 Not
Group 2 66.7 86.9 Not
Group 3 70.5 87.8 Not
Group 4 73.8 90.8 Not
Group 5 46.7 79.9 *

*  Cytotoxicity of Group 5 is moderate cytotoxic in undiluted solution and

non-cytotoxic in diluted solution by 50 %.
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IV. DISCUSSION

Substance has been widely synthesized by multiple techniques such as
precipitation (Zhu et al., 2009; Eslami et al., 2009), spray-drying (Cheng
et al., 2012), sol-gel (Lee et al., 2011), hydrothermal (Rodriguez et al.,
2003), double deposition (Somarani et al., 2005) and mechanochemical
methods (Kahrizsangi et al., 2011; Kahrizsangi et al., 2010; Tabrizi and
Fahami, 2013b).

Mechanochemical methods have some advantages in that melting is not
necessary and that the powders are nanocrystalline. Moreover the
mechanochemical process can be performed under wet or dry conditions
(Kahrizsangi et al., 2011).

Mechanochemical process under wet condition is complicated by the
handling of the materials and the operation of the apparatus with a
resultant poor reproducibility. The composition of the resulting product is
greatly affected by even a slight difference in reaction conditions and the
time needed for obtaining the substance is prolonged thus the cost of
processing becomes higher, Under dry conditions on the other hand, the
reproducibility is higher, with a lower processing cost. Therefore the dry
process is more suitable than the wet process, for substance synthesis
(Rhee, 2002). For this reason, TCP and FA were synthesized using a dry
mechanochemical process.

Anhydrous dicalcium phosphate, calcium hydroxide and calcium fluoride
were used for synthesis of FA. Sintering did not obtain amorphous FA,
as shown in study of Kahrizsangi et al. (2011).

There have been various studies of milling time. Kahrizsangi et al.
(2011) obtained FA through milling for 60 hours and 600 rpm of
rotational speed. In another study by Kahrizsangi et al. (2010) starting
materials were milled for 2, 5, 10, 15, 20 hours and 600 rpm of
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rotational speed. The result demonstrated that FA was successfully
performed through the mentioned reaction after 5 hours of milling and the
purity of particle which were milled for 15 and 20 hours was better than
those of 5 and 10 hours. Also Nikcevic et al. (2004) reported that the
result from milling between 1 to 9 hours under 230 rpm of rotational
speed indicated defined peaks of FA, for the sample milled for 5 hours.
Clear resolution of all characteristic diffraction peaks for FA were seen in
the sample milled for 6 hours. Further increase in milling time up to 9
hours resulted in a further increase in crystalline order of the FA phase.

In accordance to previous studies, a pilot test was performed for 10,
20 and 60 hours to synthesize FA. The sample milled for 20 hours,
corresponded with previous studies while samples milled for 10 and 60
hours did not corresponded. As a result of the pilot test, milling was
performed for 20 hours in order to synthesize of FA.

In accordance with Tabrizi et al. (2013b) study, pilot test was
performed for 10 hours in order to synthesize TCP. The sample
corresponded with that of the their study. Milling time was performed as
in the pilot test, based on the results obtained from the pilot test.:
furthermore, the same method of the pilot test was applied in this study.

TCP to FA ratio was 6: 4. There have been reports that optimal values
of Young's modulus and shear modulus were obtained when 40 % of FA
was added to TCP (Bouslama ef al., 2013), but rupture strength was
decreased when 40 % more of FA was added to TCP (Bouslama et al.,
2010).

According to whether silane-treated or not, there is a difference in ion
release. If filler are treated with silane, the bond between resin matrix
and filler is more stronger and mixing them is more easier. However
treatment of silane inhibit infiltration of moisture and restrict ion release.
Furthermore anticariogenic effect is decreased (Park, 2010). The study

which measured Ca and PO, ion release after adding respectively
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silane-treated dicalcium phosphate (DCPA) and silane-untreated DCPA to
composite resin showed that composite resin which had added
silane-untreated filler appear to have higher ion release (Xu et al., 2007).
For that reason, fabricated nano-sized TCP and FA powder (TCP-FA)
was not treated with silane in this study.

Barium glass was used as a co-filler because it is a typical dental
glass filler (Xu et al., 2011). The reason why the amount of TCP-FA
filler added to composite resin was limited, is that at the maximum 25
% it was difficult to mix constituent. Xu ef al. (2011) designed their
study such that the total filler mass fraction of groups which had added
nano-sized amorphous calcium phosphate (NACP) of < 20 % was 75 %,
while that which had added NACP of > 20 % was 70%. This was
because with 20 % NACP, the paste was relatively dry at 75 % total
filler level.

In order to increase crystalline, thermal process is performed at 600 ~
1100 C after synthesis (Kahrizsangi et al., 2011; Eslami er al., 2009;
Tabrizi and Fahami, 2013a; Tabrizi and Fahami, 2013b; Choi and Kumta,
2007). After the thermal process, the particle is transformed from
amorphous phase into the crystalline phase, thus leading to the production
of high crystalline filler (Choi and Kumta, 2007). Aaptite phase with
high crystallinity has lower activity and solubility (Eslami et al., 2009).
However in this study, the thermal process was not performed in order
to synthesize of nano-sized amorphous filler which has high ion release,
increase resistance of demineralization, neutralize acid and prevent dental
caries.

The major peaks observed in the XRD pattern of synthesized powder
were similar to FA and TCP except for the additional peak which was
observed between 20 = 29.6-31.1. Additional peak was attributed to
CaHPO, from the starting materials. Broadened peaks were partially

confirmed in some section (Figure 5).
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These result agreed with some previous studies that the wused
mechanochemical methods (Kahrizsangi et al., 2011; Tabrizi and Fahami,
2013b). Kahrizsangi et al. (2011) synthesized FA from various starting
materials using mechanochemical method. In their study, the peak of
CaHPO,4 was observed in the group which was used same materials as in
this study, and broad peaks were partially confirmed in the group which
were not sintered. They have reported that synthesized sample exhibited
poor crystallinity such as deformation in the structure of FA due to
Ca-lead 'amorphousity' (Kahrizsangi et al., 2011). Tabrizi and Fahami
(2013a) have reported that the sample milled for 10 hours showed a high
level of overlapping range of all scan data, particularly in the range of
25°<20=55° This behavior is attributed to the formation of the low
crystalline structure of amorphous tricalcium phsophate (ATPC) as shown
in the XRD pattern. Also this crystalline phase reached around 22 %
while these increased and reached about 72 % after annealing.
Crystallization of amorphous phase occurred during heating in the range
of 900-1100 C. This behavior led to the formation of highly crystalline
B-TCP (Tabrizi and Fahami, 2013a).

SEM and TEM was applied to confirm the morphological feature,
agglomerated distribution and particle size of synthesized TCP and FA
respectively. From SEM and TEM images, it can be seen that the
synthesized powder had a high tendency to agglomerate with a large
number of small particles in the agglomerate (Figure 6). This may be
attributed to the inter-particular coalescence under mechanical activation.
Coalescence may occurred by collision of two adjacent primary particles
that share a common crystallographic orientation. Two primary particles
attach to each other and combine into a secondary one repeatedly. As a
result, a large complex is formed (Tabrizi and Fahami, 2013b).

TCP and FA had a spheroidal-like and rod-like (cubic-like) morphology
respectively. TCP-FA showed tangled shape. This result correspond with
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Eslami et al. (2009) study and Tabrizi & Fahami (2013b) study (Figure
6-b, d, ).

Particle size affect on ion release. In smaller sized particles, the surface
of particle is greater and results in higher ion release (Arcis et al., 2002;
Huang et al., 2003). Some studies reported that the nano-sized particle
was obtained by mechanochemical method (Kahrizsangi et al.,, 2011;
Eslami et al., 2009). In current study, mean particle size of TCP and FA
were about 26 nm and 20 nm respectively (Figure 6-b, d). This result
less than or corresponded with previous studies (Kahrizsangi et al., 2011;
Eslami et al., 2009). As a result, with mechanochemical method is
possible to obtain nano-sized crystal structure.

In this study, specimens were artificially demineralized in
demineralization solution for 24 hours and 48 hours in order to confirm
resistance on demineralization of composite resin containing TCP-FA
filler.

Various time for demineralization were shown in previous studies. Kim
et al. (2008), Kim et al. (2009), Kwon et al. (2010), Hong et al. (2008),
Choi et al. (2008) and You and Kim (2012) had demineralized specimen
for 24 hours (1 day), 48 hours (2 days), 72 hours (3 days), 96 hours (4
days), 168 hours (7 days), and 336 hours (14 days) respectively. In this
study, a part of the specimens were demineralized for 24 hours and the
rest were demineralizaed for 48 hours in order to assess resistance to
initial demineralization.

Resistance to demineralization is usually measured and analyzed by
various devices after forming lesion on a sound tooth artificially (Kim et
al., 2009; Kwon et al., 2010; Hong et al., 2008; Yoon et al., 2008).
Vickers hardness (VHN) test is used to measure change of surface
(VHN) (Kim et al, 2008, , Kim et al., 2010), and confocal laser
scanning microscope (CLSM) (Lee, 2011; Youn et al., 2005), cross
sectional micro hardness (CSMH) (Kim et al., 2009) or polarization
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microscope (Kim ef al., 2010) are used to measure depth of lesion.
CLSM particularly is used to measure not only depth of lesion but also
content and loss of mineral. Transversal microradiography (TMR) is used
to measure depth of lesion and loss of mineral (Lee et al., 2004).
Atomic force microscopy is also used to measure roughness of surface
(Wang et al., 2012). Plasma light is used to measure optical density
(Yoon, 2008). Scanning electronic microscope (SEM) is sued to observe
phase of surface (Kim et al., 2009; Wang et al., 2012).

These measurement methods are difficult to apply and to quantify on
clinical trial since they are required to progress in vitro (Shen et al.,
2001). TMR is a well known gold standard because its sensitivity and
specificity are excellent (Zero., 1999). However it has some disadvantages
that it not only requires time and effort but also destroys specimen. For
this reason, it is unsuitable for monitoring in the long term (Song et al.,
2010). Therefore methods that detect and quantify demineralization of
enamel, as well as provide longevous monitering are needed. Quantitative
light-induced fluorescence (QLF) can serve these functions. QLF is based
on optical and visible light evaluating initial demineralization of enamel,
it is a system of detection and quantification. The theoretical basis of
this method is that enamel has fluorescence itself, demineralized enamel
had reduced fluorescence. There are some advantages to the QLF system.
As the difference of fluorescence intensity, and degree of demineralization
is quantified, it is also possible to monitor and evaluate long term
activity of lesion (Pretty et al., 2003), In addition, it is possible to easily
measure without destroying specimen. It is convenient for analysis due to
the use of a personally owned program. Aljehani et al. (2004) utilized
QLF and DIAGNOdent in order to quantify of white spot lesions
adjacent to fixed orthodontic appliances and to determine inter-rater
agreement. The correlation between histopathology, which provide the

gold standards, and DIAGNOdent and QLF were measured and compared.
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The results were showed that correlation between QLF and histopathology
has higher than the correlation between DIAGNOdent and histopathology
in deep of lesion, loss of mineral and inter-rater agreement. Thus they
reported that QLF is suitable to quantify carious lesions. Song et al.
(2010) measured effect of anticariogenic products on carbonated beverage
by QLF and confirmed correlation between QLF and microhardness and
erosion. The result showed high correlation. They reported that QLF was
useful to observe initial erosion. Particularly QLF-D was developed to
make up for existing weakness of QLF which has a limit on obtaining
images using intra oral camera. It is excellent in resolution due to the
use of Digital single-lens reflex camera, easy to take a photograph and
reproducibility of position is favorable. Thus it is easy to compare
change of lesion and possible to observe the whole tooth simultaneously
(You and Kim, 2012). For this reason, QLF-D was used in this study to
measure the loss of fluorescence. Correlation with surface microhardness
reduction was also confirmed.

The result of QLF measurement after demineralization for 24 hours
showed that loss of fluorescence in Group 4 adding 20 % of TCP-FA
filler was lower than Group 1 without TCP-FA filler (p<0.05). The result
after demineralization for 48 hours also were shown to decrease gradually
with an increasing content of TCP-FA filler (p<0.05, Figure 7, Table 4).

Although it was not significant, %SMHR of composite resin with
added TCP-FA filler was lower than that of composite resin without
TCP-FA filler. After demineralization for 24 hours, %SMHR in Group 4
with 20 % of TCP-FA filler was lowest among groups (p>0.05, Table
3), after demineralization for 48 hours, it was gradually decreased with
an increasing content of TCP-FA filler. %SMHR in Group 5 with 25 %
of TCP-FA filler was lowest among the groups (p>0.05, Table 3)

The results of correlation between surface microhardness reduction

(%SMHR) and loss of fluorescence (AF) showed a significant
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correlation at both 24 hours and 48 hours demineralization (p<0.01,
Table 5). Therefore it is considered that QLF-D could be a useful
device to quantify demineralization, and composite resin with added
TCP-FA filler has an effect on resistance to demineralization. This effect
was especially remarkable in composite resin with more than 20 % of
TCP-FA filler.

It is supposed that the effect of remineralization was induced on the
surface of enamel and demineralization space was decreased. This is the
reason why release and diffusion of substance from materials was caused
by the inflow of acid (Mah, 2009). Xu et al. (2011) demonstrated that
ion release of composite resin containing nano-sized ACP (17.76 m’/g)
was higher than that of micro-sized ATCP (0.5 m’/g).

As the calcium salts and phosphate salts are mixed with saliva, they
dissolve and release calcium and phosphate ions. Mixing of calcium ion
with phosphate ions results in the immediate precipitation of ACP or
amorphous calcium fluoride phosphate (ACFP) in the presence of fluoride
ions. In the intra-oral environment, these phases such as ACP and ACFP
are potentially very unstable and my rapidly transform into a more
thermodynamically stable, crystalline phase such as hydroxyapatite and
fluorhydroxyapatite. However, before phase transformation, calcium and
phosphate ions should be transiently bioavailable to promote enamel
subsurface lesion remineralization (Cochrane et al., 2010). In addition, the
reaction product under presence of calcium and phosphate salt decreases
ratio of remineralization (Reynold 1998). Thus, it is important to present
adequate amount of calcium, phosphate salt and fluoride (Cochrane et al.,
2010). For this reason, it is considered that fluoride ion released from
FA will have a synergistic effect with TCP.

In the oral cavity, a local plaque pH of above 6 is the safe zone, pH
of 6.0 - 5.5 is potentially cariogenic, and pH of 5.5 - 4 is the cariogenic
or danger zone (Decker and Loveren, 2003; Xu et al., 2011).
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The oral plaque pH after a glucose rinse can decrease to 4.5 or even
4 and stays for about 30 minutes. It increases back to a safe pH of 5.5
or higher, after the bacteria have completed their metabolic activity on
the glucose and the saliva has buffered the acid. Hence, the damage is
done within the first 30 min after a glucose rinse. There appears to be a
critical pH, below which demineralization dominates, leading to a net
enamel mineral dissolution. This critical pH varies with ionic
concentrations of the oral fluid, but is ~ 5.5 for most individuals.
Therefore, it would be highly desirable for the composite restoration to
quickly neutralize the local acids and raise the cariogenic pH from 4 to
a safe pH of 5.5 or above, thereby helping to inhibit caries (Moreau et
al., 2011).

Moreau et al. (2011) have studied that acid neutralization of composite
with nano-sized amorphous calcium phosphate (NACP) were measured.
pH change of composite resin increased higher and more rapidly with the
addition of NACP. In comparison, the commercial hybrid composite resin
and RMGI did not raise the pH. Yang et al. (2013) have demonstrated
that pH change of dental sealant increased more greatly and rapidly with
the addition of novel 45S5 bioamorphousglass.

In this study, pH change by time, and time to raise pH from 4.0 to 5.5
were measured to evaluate acid neutralization of the composite. pH change
greatly increased adding TCP-FA filler. In contrast, Group 1 without
TCP-FA filler had little increase in pH (p<0.05, Figure 8). In addition to,
Group 5 with 25 % of TCP-FA filler and Group 4 with 20 % of that
came back to critical pH 5.5, especially Group 5 rapidly increased than
Group 4 (p<0.05, Figure 9). That is the reason why TCP-FA filler
accompanied with a series of surface reactions due to release of alkali ion
such as Ca®" in the aqueous environments (Gandolfi et al., 2011).

In this study, Group 1, Group 2, Group 3 did not reached pH 5.5
until 90 minutes (Figure 9). It is supposed that this study was designed

_63_



to measure for 90 minutes, but that time was too short to measure.
However pH change increased until 7 days as calcium ion release
(Gandolfi et al., 2011) and pH change was a continuous dynamic process
and not static in this study. Thus if measurement of pH change could be
performed over 90 minutes, it would be possible to measure the time to
raise pH to 5.5.

Two major challenges of restorative materials are secondary caries and
bulk fracture (Xu et al, 2008), enhancement of strength besides
resistance of caries is required for develop of composite resin.

This study showed that flexural strength of composite resin decreased
on addition of nano-sized TCP-FA filler (p<0.05, Figure 10) whereas it
was higher than that of Skrtic er al. (1996) study and O'Donnell er al.
(2005) study which measured strength of composite added ACP. It is
supposed that filler size affects mechanical strength. Moreau et al. (2011)
study have reported that strength of light cured composite resin with
added nano-sized ACP decreased with contents of filler, however strength
of composite resin with added 10-30 % of filler was similar with hybrid
composite resin for anterior and posterior tooth, and that with added 40
% of filler was higher than composite resin containing micro filler. Also
the strength of all experimental groups with added nano-sized ACP were
higher than glass ionomer. For this reason, they reported that composite
resin adding nano-sized ACP is suitable for restoration of class 1, 2, 3
and 4 cavities.

Although Group 5 adding 25 % of TCP-FA filler has shown lower
strength than other groups (p<0.05, Figure 10), there were no significant
differences among all groups except Group 5 (p>0.05, Figure 10).
Therefore strength of composite resin adding TCP-FA filler less than 20
% was similar to the non-addition group. Some studies have reported that
strength of composite filler adding reinforced filler was higher than single
filler (Xu et al., 2007; Xu et al., 2009). Xu et al. (2007) reported that
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flexural strength of composite with added nano-sized dicalcium phosphate
(DCPA) and whisker in the proportion of 1:1 was similar with
commercial hybrid composite resin, whereas that of none-addition group
was decreased. Thus composite resin containing reinforced filler and
nano-sized filler showed ion release and high mechanical strength.
Another study by Xu ef al. (2009) demonstrated that flexural strength of
composite resin adding TTCP and whisker in the proportion of 1:1 was
116 Mpa which was higher by 2 fold, than composite resin adding
Ca-POy4. They have reported this result as the reason why fusion TTCP
and whisker makes composite not only better in toughness and stability
but also in bonding with resin. FA enhanced mechanical properties of
TCP and its difference in ratio of addition and thermal temperature. As
in previous studies, it is supposed that FA used in this study served as
reinforced filler of TCP and thereby affected strength.

In this study, decrease of strength and high standard deviation in each
group were shown. It is supposed that the mixture was not homogeneous
because resin matrix and filler were mixed by hand. Group 5 with 25 %
of TCP-FA filler especially too stiff to mix and had lowest strength
among all groups. In addition, the process of mixing was not under
vacuum and micro porous formation could occur in specimens. Micro
porosity caused high standard deviation. Therefore if attention is paid to
the process of mixing, mechanical properties of composite could be better
than results of this study.

The restoration materials used in dentistry field are always exposed to
saliva and food or water in oral cavity (Choi, 2007). During exposure to
various environments, composite resin undergoes change in its material
properties (Drummond, 2008). When water intrudes in the composite
resin, the bond between silane and filler particles undergoes a hydrolytic
breakdown; filler-matrix debonding or hydrolytic degradation of the fillers

may occur and microcracks are formed. According to the change,
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composite resin, with time, lead to deterioration of the physical and
mechanical properties such as tensile strength, flexural strength, modulus
of elasticity and wear resistance. Thus the life of composite resin is get
shorter (Sideridou et al., 2003, Sideridou et al., 2004). For this reason, it
is important to evaluate the materials properties such as water sorption
and solubility clinically (Kim, 1999).

According to ISO 4049 standard (2009) standard for dentistry
polymer-based restorative materials, suitability for use as dental material
is indicated by water sorption of = 40 xg/mm and solubility of < 7.5 ug/
mr [ISO 4049 standard (2009)]. The current study has shown that water
sorption and solubility of all groups met the requirement of ISO 4049
standard (2009).

In previous studies, there was correlation between water sorption and
filler content (Janda ez al., 2007), although filler contents were identical,
water sorption was different along with particle size of filler (Rdttermann
et al., 2008, Tarumi et al., 1995). Rottermann et al. (2008) added same
contents of microhybrid filler and nano-sized filler to resin-based
restorative material and measured water sorption. Their study showed that
the experimental group which added nano-sized filler had high water
sorption. They reported that the matrices of microhybrid and nano were
identical and the volumetric filler contents of the materials were nearly
the same, the agglomerated nano filler itself was assumed to be the
reason for these very high values. They also demonstrated that the micro
porous structure of the agglomerates also caused high water sorption due
to absorption of water iva inner micro porosities. In this study, water
sorption of Group 5 was higher than other groups (p<0.05, Table 7,
Figure 11). This result suppose that although mass ratio of filler in all
groups were identical, 5 group which included 25 % of nano-sized filler
contained amount filler relatively compared with other groups.

Additionally, mixing 25 % of TCP-FA and resin matrix was performed
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by hand-mix, not vacuum, micro porosities could thus be formed within
composite resin. It is assumed that these micro porosities induced high
water sorption.

In previous solubility studies, materials having high water sorption and
high ion release have shown high solubility (Silva eta al., 2008, RO
ttermann et al., 2008). The study of Kim (1999) has reported that
solubility of composite resin releasing fluoride were higher, because this
result was related with fluoride-release. In this study, Group 5 had the
highest solubility (p<0.05, Table 7, Figure 12). According to this result,
it is supposed that composite resin including TCP-FA filler were released
ion such as calcium and fluoride.

The biocompatibility of materials as well as physical properties are
important properties for long term clinical usefulness. Therefore the
biocompatibility test of novel materilas is essential. Cytotoxicity test is
limited in its assessment of general biocompatibility of materials while its
reproducibility is high and its protocol is simple. Also it is easy to
standardize the test procedure and it is possible to obtain quantitative
result with short term economic benefits. Hence it is required to
standardize screening procedures in biological assessment of dental
materials and to assess biocompatibility (Kim, 1999).

There are various methods to assess cytotoxicity (Jung, 2009; Kim,
1999), MTT assay which is based on the measurement of the viability of
cells via metabolic activity [ISO 10993-5 standard (2009)] have some
advantages in that cellular metabolic activity or function are evaluated as
compared with other methods (Jung, 2009).

Among the earlier studies on cytotoxicity, Jantova et al. (2009) have
studied cytotoxic and antiproliferavtive effects of biomaterial. Biomaterials
induced different antiproliferatve effects of increasing order HA<FHA<FA
which were time and concentration-dependent. Kim reported that

composite resin containing SnF, filler was moderately cytotoxic. They
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also reported their findings on the release of fluoride. However Forghani
et al. (2013) by MTT assay of nanocomposite and pure foresterite and
FA powder after 3~7 days of cell culture, demonstrated non-cytotoxic
effects.

In the current study, all groups except Group 5 were not cytotoxicity
(Table 9, Figure 13, 14). Moderate cytotoxicity of Group 5 in undiluted
solution was observed (Table 9, Figure 13), while diluted solution by 50
% was not cytotoxicity (Table 9, Fiugre 14). The release of fluoride in
FA leads to cytotoxicity. In previous study it was shown that cytotoxicity
increased with increasing concentration of additive (Jantova et al., 2009).
Thus Group 5 had higher cytotoxicity than other groups since the
contents of FA in Group 5 was highest among groups.

In this study, it was confirmed that composite resin containing TCP-FA
filler affected resistance of initial caries, physical, mechanical and
biological properties.

Particularly composite resin containing more than 20 % of TCP-FA
filler had high resistance to demineralization and acid neutralization, as
well as suitable water sorption and solubility of restorative materials.
However composite resin adding 25 % of TCP-FA filler had decreased
mechanical strength and were a little cytotoxicity while that containing 20
% of TCP-FA filler was not cytotoxicity and higher mechanical strength
than 25 % of TCP-FA filler.

For this reason, it is considered that composite resin containing 20 %
of TCP-FA filler is suitable to clinical application. Further studies are

required, in order to improve mechanical strength.
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V. Conclusion

The major challenge of composite resin is to develop materials which
are anticariogenic in order to inhibit secondary caries and have sufficient
strength to prevent fracture.

In this study, resistance to demineralization on composite resin
containing TCP-FA filler which were a mixture synthesized TCP and FA
were measured through surface microhardness by VHN and loss of
fluorescence by QLF-D. Acid neutralization properties were also measured.
In addition, flexural strength, water sorption, solubility and cytotoxicity
were measured to identify basic characteristics.

The results were as follow :

1. In XRD analysis, synthesized powder had a similar pattern as JCPDS
#15-0876 (fluorapatite) for FA and #018-0303 (tricalciumphosphate)
for TCP.

2. SEM and TEM image revealed that TCP particles were spheroidal,
FA particles were cubic and TCP-FA particles were a mixture of
TCP and FA morphologies.

3. Particle size of TCP and FA were respectively 19.78+6.45 nm,
26£7.55 nm.

4. After 24 hours demineralization, AF of Group 4 with 20 % of
TCP-FA filler was lowest, and in order Group 5 (25 %), Group 3
(15 %), Group 2 (10 %) and Group 1 (0 %). After 48 hours
demineralization, AF was lower with addition of TCP-FA filler. &
F of Group 5 with 25 % of TCP-FA filler thus was lowest among
groups (p<0.05).

5. There were significant correlation between surface microhardness

reduction and loss of fluorescence (p<0.05).
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6. There were significant differences of pH change by time with the
addition of TCP-FA filler. pH change was lower with addition of
TCP-FA filler. Thus Group 5 with 25 % of TCP-FA filler increased
greater and more rapidly among groups (p<0.05).

7. The time to raise pH from 4.0 to 5.5 was faster in Group 5 among
groups (p<0.05).

8. Flexural strength of Group 5 was lowest among groups (p<0.05),
but there were not significant difference among groups except
Group 5 (p>0.05).

9. Water sorption and solubility of all groups satisfied requirements of
ISO 4049 standard (2009).

10. There was no cytotoxicity in all groups, except Group 5.

According to the result, it is confirmed that composite resin containing
TCP-FA filler has the property of resistance to demineralization and acid
neutralization. Moreover it affects mechanical, physical and biological
properties.

Composite resin containing 20 % of TCP-FA filler had good resistance
to demineralization and acid neutralization, sufficient water sorption and
solubility of restorative materials and was non-cytotoxic. Thus composite
resin containing 20 % of TCP-FA filler are suitable materials to inhibit
initial secondary caries. However follow up studies are required to
address improvement in mechanical strength, since their strength was

slightly low in this study.
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