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Abstract

The Effects of Nano-sized Hydroxyapatite on Deminailization Resistance

and Bonding Strength in Light-Cured Glass lonomer 2ntal Cement

Light-cured glass ionomer cement (LC GIC) was deped in the 1980s to
reduce the setting time and to improve resistaoadehydration of conventional
GIC while maintaining its propertiesfluoride release over a prolonged period,
specific adhesion to enamel and dentin, esthe@esrently, LC GIC has a
variety of clinical applications, as it has supepbysical properties compared to
conventional GIC and is more biocompatible thamredowever, it has certain
limitations in that secondary dental caries mayuoaue to microleakage and
that the restorations lack adequate retention. efber, increase in bonding
strength and physical properties of LC GIC, whileaimtaining its
biocompatibility, is needed.

Hydroxyapatites (HA) are the major components aftaleenamel and bone
mineral as biological apatites. In addition, HA t@ns a significant amount of
calcium and phosphate, which can promote remirmtadn of enamel
subsurface lesions in animals and humans. Recestgarchers in the field of

dentistry have utilized nanotechnology to make msimed HA particles. These



nano HA particles can be added to a LC GIC, impgrtdemineralization
resistance and promoting remineralization of theneel surface.

The aim of this study was to evaluate the effedhobrporated nano HA on the
demineralization resistance and bonding strength®fIC in comparison with
micro HA.

Fuji I LC GIC (GC Co., Japan) was used as the rodbrgroup and a base
material for experimental groups. Two experimegtalups were prepared. One
was prepared by adding 15% nano HA to LC GIC bygveratio, and the other
was prepared by adding 15% micro HA instead.

The depth of cure, sensitivity to ambient lightddrexural strength, which are
the necessary requirements for dental water-bagbtidctivated cements, were
determined according to ISO 9917-2:1998. And ineordo observe the
demineralization resistant effect of each matersactioned specimens were
observed under CLSM and SEM after 4 days of deralization. Four weeks
after the assembly of tooth-cement had been immders€BF at 37, the shear
bonding strength was measured and the fracturddcguof the specimen was
observed under SEM. According to the results, tiewing conclusions could

be obtained.

_10_



. The depth of cure was found to be in the decreasidgr of pure Fuiji Il
LC GIC, 15% micro HA-Fuji Il LC GIC, 15% nano HA-kul LC GIC
group, and there were statistically significantfeténces between the
three groups (p < 0.05). The curing depth in abugs satisfied the
required curing depth of ISO 9917-2:1998 (minimuunireg depth = 1
mm).

Regarding the sensitivity to ambient light, thererev no detectable
changes in the homogeneity in any group.

. The flexural strength was found to be in the insieg order of 15%
nano HA-Fuiji Il LC GIC, pure Fuji Il LC GIC, 15% mio HA-Fuji 1l
LC GIC group, and there were statistically sigrmifit differences
between the three groups (p < 0.05). All groupssad the required
flexural strength of ISO 9917-2:1998 (minimum flexlustrength = 20
MPa).

. Observing under the CLSM after 4 days of acid demalization, the
control group showed thicker enamel demineraliratayer than in the
experimental groups, and the 15% nano HA-Fuji 1l BIC group
showed the thinnest demineralization layer.

In SEM analysis, there was greater enamel deminat@n in the

control group. As less demineralized occurred utickeinfluence of HA
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particles, the experimental groups revealed redtiveven surface
particles. Comparing the two experimental groups, 15% nano HA-
Fuji Il LC GIC group was more resistant to demitieedion compared
to the 15% micro HA-Fuiji Il LC GIC group.

6. The bonding strength was found to be in the inéngaerder of pure
Fuji I LC GIC, 15% micro HA-Fuji Il LC GIC, 15% e HA-Fuji Il
LC GIC group, and there were statistically sigrfit differences
between the three groups (p < 0.05).

7. Observing the fractured surfaces under SEM afterbibnding strength
test was performed, the cohesive failure ratio veamd to be in the
increasing order of pure Fuji Il LC GIC, 15% midtd\-Fuji Il LC GIC,
15% nano HA-Fuji Il LC GIC group. There were bonel apatite
particles formed in HA-added experimental groupsd a greater
number of bone-like apatite particles were formethe 15% nano HA-

Fuji Il LC GIC group compared to the 15% micro HAjFIl LC GIC

group.

15% micro HA and 15% nano HA were used in this wtachd we found that
although the addition of nano HA to LC GIC resuliaterior flexural strength

compared to the addition of micro HA, nano HA lead superior

_12_



demineralization resistance as well as superiordimgn strength. Assuming
similar results can be achieved in the oral envirent, clinicians can prevent
demineralization of enamel surface by using nano FHAther study is needed to

determine the optimal concentration for proper ptatproperties of the cement.

Key words : light-cured glassionomer cement, nano-sized hydroxyapatite,

demineralization resistance, bonding strength
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The Effects of Nano-sized Hydroxyapatite on
Demineralization Resistance and Bonding Strength

in Light-Cured Glass lonomer Dental Cement

Ji HeeKim
Department of Dental Science, The Graduate School Yonsel University

<Directed by professor Hyung Jun Choi, DDS PhD>

|. Introduction

A particular category of bioactive materials reprgsd by the glass ionomer
cement (GIC) has been recommended for a wide rahgénical applications.
This popularity is due to the fact that GIC presesgveral important properties
expected from an ideal restorative material, sucHuride release (Gao W and
Smales RJ, 2001), coefficient of thermal expansad modulus of elasticity
similar to that of dentin (Bullard RH et al., 199&hemical bonding to both
enamel and dentin (Erickson RL and Glasspoole BA4), and biocompatibility

(Leyhausen G et al., 1998; Costa CAS et al., 2063je clinic, however, the use
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of GIC is limited due to its susceptibility to detrgtion (Cho E et al., 1995) and
poor physical properties, such as high solubilitg alow setting rate (Mount GJ,
1999). Light-cured glass ionomer cement (LC GICywlaveloped in the 1980s
to reduce the setting time and to improve resiganme dehydration of
conventional GIC while maintaining its propertiesfldoride release over a
prolonged period, specific adhesion to enamel agtinl, esthetics. Currently,
LC GIC has a variety of clinical applications, dshias superior physical
properties compared to conventional GIC and is nbaseompatible than resin.
However, it has certain limitations in that secayd#ental caries may occur due
to microleakage and that the restorations lack aakeqretention. Therefore,
increase in bonding strength and physical propertd LC GIC, while
maintaining its biocompatibility, is needed.

Recently there are many studies being conductedeto the effect of the
addition of hydroxyapatite (HA) to various dentahterials in an attempt to
improve the physical properties. The use of HA estorative dentistry offers
several promising advantages, including its biocatibgity, intrinsic radiopaque
response, enhanced polishability, and improved weenformance, because
synthetic HA has a hardness similar to that of mretteeth. In addition, HA
contains a significant amount of calcium and phasphwhich can promote
remineralization (Anderson P et al., 2004). Theorporation of HA into dental

restorative materials, such as resin or GIC, han beund to enhance flexural



strength and Young’s modulus (Santos C. et al.1pGfbmpressive strength, and
bonding strength (Yoon Sl et al.,, 2005). It hasoabeen reported that HA
incorporation into chewing gums, toothpastes, mmungle improves enamel
remineralization (ltthagarum A et al., 2005; Je@tg et al., 2006; Kuilong LV. et
al., 2007). The remineralization effect of HA mag because HA can act as a
mineral reservoir, which dissociates to form caitjuphosphate ions and
hydroxyl ions and fill the micro-sized fine poreé the demineralized enamel
surfaces. However, because the micropores betwesenes prisms are about 0.1
um wide, it was hard to expect the conventional 0.21tm HA to directly fill up
the micropores on demineralized enamel surfaces.

Together with biotechnology, the recent emergerideenew, nanotechnology,
is spotlighted as the core technology to lead the 121 century industrial
businesses. Through nanotechnology, it is now ples$o convert micrometer
particles into nano-sized particles and produce pkysical properties from the
exact same material and chemical compositions oivexational restorations
(Jeong SH et al., 2006; Kim Bl et al., 2006). Th& particles on enamel surface
have an average size of 100, which is fairly large compared to those in bone
tissue or dentin (Kloke A, 2003). The patrticles als well aligned, paralleled to
each other. But because the enamel does not inaodagen-like organic
materials as does the bone tissue and dentin (LstevenHA, 1989), however, it

is necessary to consider the conventional bondingngth to enamel when
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developing artificial HA. Compared to the previguslidely used micro-sized
synthetic HA, the greatly minimized nano-sized igbgs of the nano HA have
greater surface areas (Arcis RW et al., 2002) aagbdity (Domingo C et al.,

2001) that they are expected to be outstanding illmgf micropores of

demineralized enamel surfaces, and also in proyiditorganic ions such as
calcium and phosphate (Huang M et al., 2003), timgseasing the bonding
strength to the tooth. Recent studies have shoathie addition of nano HA to
conventional GIC improved bonding strength and eemalization resistance,
but so far there has been no study regarding feetsfof adding nano HA to LC
GIC. The aim of this study was to evaluate theatfté incorporated nano HA on
the demineralization resistance, and bonding stheafjLC GIC in comparison

with micro HA.



[l. Materials and Methods

1. Materials

We prepared commercially available LC GIC and HAwb different particle
sizes (micro-sized HA, nano-sized HA). Fuji Il LGC Co., Japan) was used as
the control group and a base material for experiedegroups (Fig. 1) and
Elipar™ FreeLight (3M/ESPE, USA) was used as a light @qusaurce (Fig. 2).

Calcium phosphate tribasic (Sigma-Aldrich Inc., UgAg. 3) was the micro-
sized HA powder of choice. Its molecular formulaGs;(OH)(PQ); and its
particle diameter about 5~10 pm.

Medical grade extra pure nano powder hydroxyapébtsGen Inc., Korea)(Fig.
4) was selected to represent HA with nano-partidesl the molecular equation

of the materials is G&POy)s(OH),, and the average particle size 100~150 nm.
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Fig. 1. Fuji Il LC GIC (GC Co., Japan).

Fig. 2. Elipar™ FreeLight (3M/ESPE, USA).



Fig. 3. Calcium phosphate tribasic (Sigma-Aldrich hc., USA).

Fig. 4. Medical grade extra pure nano powder HA (OsGen Inc., Korea).



2. Methods

A. Preparing of HA-LC GIC

In that 15% micro HA-Fuji Il LC GIC has presentéde best physical
characters in previous studies, 15% micro HA-AUjiC@ GIC and 15% nano HA-
Fuji Il LC GIC were used.

15% mixture ratio was measured by weight ratial snorder to acquire even
mixtures, Ball mill (Samwoo Scientific Co., Koreaps used under 400 rpm for
24 hours.

The recommended powder-liquid ratio was 2 for RUiIC GIC.

Fuji I LC GIC was used in the control group ahe experimental groups were

15% micro HA-Fuji Il LC GIC and 15% nano HA-Fu;ji lIC GIC (Table 1).

Table 1. Sample identification of LC GIC

Sample I. D. LC GIC wt% of HA
LC GIC (Control 1) Fuji Il 0
Micro HA-LC GIC (Exp. 1) Fuji Il 15
Nano HA-LC GIC (Exp. 2) Fuiji Il 15




B. ISO test

The depth of cure, sensitivity to ambient lightddlexural strength, which are
the necessary requirements for dental water-bagbtidctivated cements, were
determined under regulations of ISO 9917-2:199&yTere tested using Fuiji Il
LC GIC, 15% micro HA-Fuji Il LC GIC and 15% nano HRuji 1l LC GIC,

maintaining the constant liquid powder ratio.

(1) Depth of cure

LC GIC was condensed into a mold (6mm long and 4maiameter) and was
then pressed between two matrix strips and twosgfdates. The glass plate
covering top of the mold was removed and the exidew of light curing unit
was gently placed on the matrix strip covering itih@d. The LC GIC was then
cured for 20 seconds as recommended by the maatdacifter curing, the
specimen was immediately removed from the mold,taeduncured portion was
gently removed with a knife. The height of curedtipm was measured in

micrometers and was divided by two.



(2) Sensitivity to ambient light

Thirty milligrams of LC GIC was placed as a sphdniass on a glass slide and
was exposed to a Xenon lamp for 30 seconds to grecan illuminance of 8,000
lux. The glass slide was then removed from thamihated area and a second
microscope slide was immediately pressed agaiesttterial with a slight shear
action to produce a thin layer. LC GIC was visuatigpected to see whether it
was homogenous with no discernible voids of defedt® whole procedure was

repeated twice using new samples of LC GIC for ¢ash

_10_



(3) Flexural strength

Specimens with a dimension of 25 x 2 x 2 mm werpared using stainless-
steel split molds. Materials were packed into tr@dhplaced on a polyester film.
A second polyester film was placed on the matena was covered with a glass
plate. Pressure was applied to cause excess nateaztrude. The light curing
unit was then placed at the center of the speciamehirradiated for 20 seconds.
After curing, the assembly was placed in the whtgth of 37C for 24 hours.
Then, a load was applied onto the specimen wittsstread speed of 0.75
mm/min using a universal testing machine (Instroi) until the specimen
fractured. The applied load was recorded at the embrof specimen fracture, and

the flexural strengtho) was calculated in MPa using the following equatio

o = 3FI/2bh?

F = the maximum load applied (N)
I = the distance between the supports (mm)
b = width of the specimen (mm)

h = height of the specimen (mm)

_11_



C. Acid demineralization test and surface observation byCLSM

and SEM

Box-shaped cavities (6mm x 2mm x 1.5mm) were pegpatong the cemento-
enamel junction of human molars. The cavity margwese finished with a slow-
speed fissure bur, giving a cavo-surface anglel@edo 90. The cavities were
then filled with LC GIC, which was irradiated foQ Zeconds with the light
curing unit. The cavities were slightly overfilled compensate the curing
shrinkage of cement, and they were polished usafd_8x™" disk after curing.

Two coats of an acid-resistant varnish were thgplied to the tooth surface,
leaving a 1 mm window without varnish around theityamargins. The teeth
were then placed in 25 ml of acid buffer soluti@antining 2.2 mM CaGJ 2.2
mM NaHPQ,, and 50 mM acetic acid for 4 days at@7Table 2). The acid
solution was replaced every 24 hours.

After 4 days, the teeth were embedded into cyioadlrepoxy-resin to be made
into slide specimens. By using an EXAKT diamond daaw (EXAKT Co.,
Germany), the teeth were sawed parallel to the kxig, passing through the
center of the restoration material. The sectionedase of specimens was
observed under a confocal laser scanning microsc¢B&SM) (LSM 510, Carl
Zeiss Meditec AG, Germany) and a scanning eleatrmnoscope (SEM) (S 2000,

Hitachi, Japan) to examine the demineralizatioriepas of enamel adjacent to
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the cement material.

For microscopic observation under CLSM examinattbe samples were dyed
in 0.1 mM rhodamine B solution for 1 hour, washethwlistilled water and dried.
The CLSM causes the demineralized lesions on themehto fluoresce under the
He-Ne laser light, which has a 543 nm excitationel@ngth and a 560 nm long-

pass barrier filter.

Table 2. Content’s ingredients of acid buffer solubn (pH 5.0)

Materials Molecular weight Vol. Weight Concent
(g/mol) (ml) (9) (M)
CaCb 110.98 1500 0.3662472 2.2mM
NaH,POy 2H,0O 156.01 1500 0.51 2.2mM
CH;COOH 60.05 1500 4.503942 50 mM




D. Bonding strength and surface observation by SEM

In order to measure the bonding strength, a tdtdl5oextracted permanent
molars, 5 from each group, were used. Teeth wereedded into cylindrical
epoxy-resin molds (25 mm x 25 mm x 25 mm), withititended site for bonding
facing the bottom of the mold. The embedded spawsmeere ground flat
perpendicular to the long axis of each tooth uthil exposed enamel or dentin
surface was large enough to bond a cylinder obra8ve material (Fig. 5, a).
The exposed surface was then etched with 35% pbasp#cid, removing the
smear layer. Next, each cylindrical mold (6 mm i@ngeter, 6 mm in height) was
placed on the etched tooth surface and the matesispoured into the mold. The
cylindrical specimens were attached to the tootffiasa by light curing for 20
seconds (Fig. 5, b). Afterwards, each sample was$ keder pH 7.4 simulated
body fluid (SBF) (Table 3), at 37, and the fluid was changed every week. After
four weeks, the cylindrical specimens were loadga onetal rod on a universal
testing machine (Instron, UK) in a direction pergenlar to the long axis at 1
mm/min until fracture occurred. The shear bonditigrgth was calculated as a
ratio of fracture load over bonding area, and wasessed in mN/mfn

After measuring the shear bonding strength, thetdrad surfaces of the
specimens were observed under various magnificatimng SEM (Hitachi S-

800, Japan).
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(a) (b)

Fig. 5. Sample for the investigation of bonding sangth.

Table 3. The components of simulated body fluid(SBFRn this study

List Material 1L (9) 500ml (g)
1 NaCl 7.996 3.998
2 NaHCQ 0.35 0.175
3 KCI 0.224 0.112
4 KoHPO,.3H,0 0.174 0.087
5 MgCkL.6H,O 0.305 0.1525
6 1M-HCI 40 ml 20
7 CaC} 0.278 0.139
8 NaSO, 0.071 0.0355
9 NH,C(CH,OH); 6.057 3.0285
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E. Statistical analysis

Statistic analysis was done on SAS 8.2 versionofder to examine the
differences in depth of cure, flexural strength &@othding strength between the
control, experimental groups, the Kruskal-Wallistt@as used (p value = 0.05). A
post-hoc test was then carried out through the Duonedure, in order to verify
the groups that showed differences. Each testtresd presented as the median

and the range.
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[1l. Results

1. ISO test

A. Depth of cure

Compared to 4.72 mm depth of cure of the controlgr both experimental
groups showed smaller depth of cure; 4.35 mm irBtke 1 group and 3.01 mm
in the Exp. 2 group (Table 4, Fig. 6).

Through the Kruskal-Wallis test, significant diggices were found between
the three groups (p < 0.05). Through the post-ketusing the Dunn procedure,
significant differences were found between the @ngroup and the Exp. 2
group (critical value = 2.393).

All groups satisfied the ISO requirement for thenimum curing depth of 1 mm.

_17_



Table 4. Depth of cure (mm)

Control Exp. 1 Exp. 2
Median 4.720* 4.350 3.010*
Range 4.530—4.870 4.210-4.410 2.930-3.120

* : Statistically significant at critical value =383 by Dunn procedure

(minimum augidepth = 1 mm)

Depth of cure (mm)

lLENGE 15% micro HA LC GIC 15% nano HA LC GIC

Fig. 6. Depth of cure (mm)
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B. Sensitivity to ambient light

In all groups, homogeneity was maintained after cbepletion of the test,

showing no clefts or voids. Sensitivity to ambidight, therefore, was not

observed in any group.
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C. Flexural strength

The Exp. 1 group showed 84.086 MPa of flexuralngjtie that is greater than
70.082 MPa of the control group, whereas the Exgrdip showed a smaller
flexural strength of 58.680 MPa (Table 5, Fig. 7).

Through the Kruskal-Wallis test, significant diggices were found between
the three groups (p < 0.05). Through the post-ketusing the Dunn procedure,
significant differences were found between the Bxgroup and the Exp. 2 group
(critical value = 2.393).

All groups satisfied the ISO requirement for thenirmum flexural strength of

20 MPa.
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Table 5. Flexural strength (MPa)

Control Exp. 1 Exp. 2

Median 70.082 84.086* 58.680*

Range 59.826-73.648 76.989-112.769 50.089-62.876

* ;. Statistically significant at critical value =395 by Dunn procedure

(minimum flexural strength = 20 MPa)

Flexural strength (MPa)
120 r

100

80 x

60 @ T
1

20

LC GC 15% micro HA LC GIC 15% nano HA LC GIC

Fig. 7. Flexural strength (MPa)
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2. Surface observation by CLSM after acid demineratation

CLSM allows the demineralized surface layers ofheglato be visualized down
to approximately 106m. The control group had a relatively thick fluarest
layer compared to the two experimental groups.

Comparing the two experimental groups, the Exp.réug had the thinnest

fluorescent layer (Fig.8).

Enamel Enamel Enamel

Control

(a) Control (b) Exp. 1 (c) Exp. 2
(LC GIC) (15% micro HA-LC GIC) (15% nano HA-LC GIC)

Fig. 8. Interface between tooth and cement observathder CLSM after acid

demineralization (x 10).
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3. Surface observation by SEM after acid demineratation

The SEM images of micro surfaces demonstrated smmailphological
differences between the control group and the exyatal groups (Fig. 9). The
control group showed more irregular granular andop® surfaces than the
experimental groups after acid demineralization. m@aring the two
experimental groups, there was less demineralizaticcurred in the Exp. 2

group, and thus less irregular and porous surfaese created in the Exp. 2

group.
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(X 10000) (X 20000) (RE0)

(a) Control (LC GIC)

(X 10000) (X 20000) (X EID)

(b) Exp. 1 (15% micro HA-LC GIC)
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131508 ] j 131506

(X 10000) (X 20000) (X 51

(C) Exp. 2 (15% nano HA-LC GIC)

Fig. 9. SEM images of the sagittally sectioned enainsurface adjacent to the
cement after acid demineralization.

The control group (a) showed greater irregularitgl gorosity on the enamel
surface compared to the Exp. 1 group (b) or the. Exgroup (c). The Exp. 2

group (c) showed the least irregularity and poyogiter acid demineralization.

_25_



4. Bonding strength

The bonding strength of cement to dentin increased19.20 mN/mrhin the
control group, 1075.60 mN/nfnin the Exp. 1 group, 1911.50 mN/rfirim the
Exp. 2 group (Table 6, Fig. 10).

Through the Kruskal-Wallis test, significant diféeices were found between the
three groups (p < 0.05). Through the post-hoc tiegtg the Dunn procedure,

significant differences were found between the @ngroup and the Exp. 2

group.
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Table 6. Bonding strength (mN/mm)

Control Exp. 1 Exp. 2

Median 419.20* 1075.60 1911.50*

Range 329.60-445.30 989.70-1217.20 1816.96 2002.50

* ;. Statistically significant at critical value =395 by Dunn procedure

Bonding strength (mN/mm?)
2500 -

2000
l%

1500

1000 %

500

LC GlC 16% micro HA LC GIC 15% nano HA LC GIC

Fig. 10. Bonding strength (mN/mm)
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5. Observation of fracture surfaces by SEM after measumg bonding

strength

When the fractured surfaces were observed under SEMw magnification
after the bonding strength test, the cohesive faihatio increased in following
order: the control group, the Exp. 1 group, andgkp. 2 group (Fig. 11).

At higher magnifications the dentinal surfaces wkxely flat in the control
group, but there were bone-like apatite particlesned in the experimental
groups. A greater number of bone-like apatite pkediwere formed in the Exp. 2

compared to the Exp. 1 group (Fig. 12).
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(@) (b) ()

Fig. 11. SEM images of fracture surface after measing bonding strength

(x 200).

Increased appearance of cohesive failure was dixbenv the experimental
groups (b, ¢) compared to the control group (ag ERp. 2 group (c) had greater

cohesive failure compared to the Exp. 1 group (b).
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136108 28KY KeB.8K 1.58um 1368108 28KY K5B.8K 8.68un

(X 5000) (X 20000) (0@D0)

(b) Exp. 1 (15% micro HA-LC GIC)
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(X 5000) (X 20000) (X 5@)0

(c) Exp. 2 (15% nano HA-LC GIC)

Fig. 12. SEM images of fracture surface after measimg bonding strength.

(a) Control group, no bone-like apatite particlesravobserved on the tooth
surface.

(b) Exp. 1 group, the expected particles of boke-apatite were formed on the
tooth surface.

(c) Exp. 2 group, the expected particles of boke-&patite were formed on the

tooth surface more than Exp. 1 group (b).
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V. Discussion

Hydroxyapatites (HA) are the major components dafitdleenamel and bone
mineral as biological apatites. HA contains a digant amount of calcium and
phosphate, which can promote remineralization afmegl subsurface lesions in
animals and humans. Up to now, many researchere hawfirmed that the
biocompatibility of HA contribute to the enhancerheh mechanical properties
of various dental materials.

There are many studies conducted to apply nanotdoyly to dental materials
in the recent dental field. Because nano HA hawatgr surface areas and
solubility compared to the micro HA, it is expectedshow superior properties in
filling micropores on demineralized enamel surfaeesl in providing such
inorganic ions as calcium and phosphate. In resteiies, nano HA, when added
to the conventional glass ionomer cement (GIC), fwaad to enhance protection
against acid demineralization of enamel surface ndhcrease the bonding
strength to human teeth by forming bone-like apsatiBut when nano HA was
added to conventional GIC, however, its settingetiexceeded the maximum
setting time regulated by ISO 9917-1:2003(E). Fctual clinical application,
therefore, additional studies are needed to be.dam¢hermore the use of GIC in
clinics is limited due to its relatively weak meal@al properties and its

sensitivity to initial desiccation and moisture (Md GJ, 1999). Currently, light-
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cured glass ionomer cement (LC GIC) has a variégfinical applications as it
has superior physical properties to convention&,&@ind is more biocompatible
than resin. In this study, we attempted to compheephysical properties, the
demineralization resistance and the bonding sthenginot only the micro HA
added to LC GIC, but also the nano HA, producedhgyrecently spotlighted
nanotechnology.

Fuji Il LC GIC (GC Co., Japan), used in this studya dental water-based light-
activated cement. Fuji Il LC GIC was used in thentoal group and the
experimental groups used were 15% micro HA-Fuji@ GIC and 15% nano
HA-Fuji 1l LC GIC. To evaluate their suitability agental cements, their curing
depth, sensitivity to ambient light and flexuralesigth were assessed according
to ISO 9917-2:1998 regulations. The control, Expardd Exp. 2 group showed
the depth of cure in the decreasing order, ancetivare statistically significant
differences between the three groups (p < 0.05 frray be due to the light-
scattering effect of HA particles (Arcis RW et &002).

Sensitivity to ambient light is a necessary patamir light-activated materials,
as ambient light may cause premature curing andltrés crack and void
formations during their use. There were no detéetathanges in the
homogeneity of any group after being exposed totedise light for 30 seconds,
indicating that sensitivity to ambient light was mdserved in any group.

Flexural strength gives an indication of the diigbof restorative materials
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and it is considered to be the most appropriate ra@tidble estimate of the
strength of LC GIC (Gladys S et al., 1997). Thigdgt measured the flexural
strength of the materials using a three-point ftakstrength method. Flexural
strength was measured to be greater in the Expupghan in the control group,
and was smaller in the Exp. 2 group than in thetrobrgroup. There were
statistically significant differences between theee groups (p < 0.05). Number
of reasons for the Exp. 1 group to present a grdbeural strength than the
control group could be speculated. The increadberflexural strength after the
addition of HA is thought to be dependent primardy a chemical reaction
between the HA, glass powder and polyacid. Althotigl exact underlying
chemical mechanism is yet unknown and requireshéarinvestigations, it is
known to involve calcium ions from the HA. Sincetblass used in commercial
GIC are all alluminosilicate type containing caltiand fluoride ions, and react
with polyacrylic acid to form ionic bonds, the afiloin of HA may provide extra
calcium ions and facilitate the initial reaction.pkevious study advocated that
HA addition also facilitates increase in initiaeXiural strength of GIC in an
aqueous storage condition (Lucas ME, 2002).

In LC GIC, when the polyacid reacts with the glpssvder, it selectively binds
to calcium ions first and then reacts with othersioTherefore, when HA is added,
the number of calcium ions in the initial reactimerease and thus the initial

ionic bonds increase. Since the bonding betweeyappflic acid and glass ions

_34_



is the main reaction in LC GIC, the increase ofidial strength could be
explained this way.

The size difference between the HA and GIC padiohay also contribute to the
increase of flexural strength, for the smaller jplett HA may flow into the
ionomer matrix of the bigger particled HA and indwe “packing effect” (Lucas
ME et al., 2003, Gu YW et al., 2005).

As the reason for the Exp. 2 group to show wealexufal strength than the
control group, we may consider the increased sliiylof nano HA (Domigo C
et al., 2001). In case of nano particles, the “pagleffect” induced by flowing
into the ionomer matrix would obviously be gredtean the micro particles, thus
would increase the light scattering effect of th& Bhd decrease its flexural
strength. This seems logical, observing the fleixsteength increase as the
density of HA increase and begin to decrease baekcartain point, while the
density continue to increase (Glasspoole EA et281Q2). The increase in HA
content delays the polymerization of LC GIC, whichurn decreases the role of
light polymerization while increasing that of autdgmerization. LC GIC was
originally developed in 1986 by Autonucci to remazart of the water content of
the glass ionomer system with a water-soluble maomsystem that is
polymerized by ambient free radical polymerizatidiickinney IE, 1986). LC
GIC, thus, has a dual-setting mechanism involviogl-Base reaction between

polyacid and glass, simultaneously with polymeraatreaction. Therefore any
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portion of the material not cured by light may evetly be polymerized by
autopolymerization. A previous study have reporteddecrease in material
strength cured by autopolymerization than cured light polymerization
(Glasspoole EA et al., 2002). Likewise, if the ligitattering effect of HA hinder
light polymerization and shift the dual-setting ctan towards
autopolymerization, a decrease in the materiahgtremay eventually result.

In order to observe the demineralization resistffect of each material, we
kept the teeth in a pH 5.0 acid buffer solution4otlays and cut them into slide
specimens using a EXAKT diamond band saw. UnderNGLiBe control, Exp. 1,
and Exp. 2 group showed demineralization of theratan the decreasing order.
From this, the assumption that demineralizationstasce may increase with the
addition of nano HA was confirmed. The deminerdi@aobserved under CLSM
was found to be subsurface demineralization ratthem enamel surface
demineralization. This may be from the “couplediudifon” resulting from the
influx of acid and outflux of the dissolved matésigAnderson P, 2004).

Observing under SEM, the enamel surface of thdrebmgroup was more
uneven and showed greater loss of inorganic matestaveen the enamel prisms
than the HA-added experimental groups. Becausedhe patrticles filled up the
micropores formed by the loss of inorganic materitthe enamel surface of the
Exp. 2 group was more smooth and even than thitiedExp. 1 group.

The reasons for increased demineralization resistaof nano HA are
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considered to be the effect of direct filling ofampores on the demineralized
enamel surface by the smaller size particles, &edeffect of dissolving and
providing the main inorganic components of HA, aalt and phosphate, with
the high solubility (Huang M et al., 2003 ; Mazza®A et al., 2003). Since the
micropores between the enamel prisms are aboutr).it was hard to expect it
to be directly filled up by the 5~10m micro HA, but the nano HA with an
average size of 100~150nm showed an outstandirigrpemce in doing so. The
nano particles embedded into the micropores a® epected to impede the
movement of calcium soaring from the enamel surfacthe means of balancing
the inorganic ions (Kim Bl et al., 2006).

The control, Exp. 1, and Exp. 2 group presentedibnding strength in the
increasing order, and there were statisticallyificant differences (p < 0.05). LC
GIC is known for its ability to chemically bond the tooth substrate, but the
exact mechanism of chemical bonding of LC GIC tatdk structures is not
completely known. The probable mechanism of adimesobased upon both
diffusion and adsorption phenomena. The polyalkeacid of the glass ionomer
will penetrate the tooth structure, releasing phasgp ions, each of which will
take with it a calcium ion from the tooth surfacemaintain electrical neutrality.
These ions will combine with surface layer of cetmnamd form an intermediate
layer of a new material, which is firmly attachedthe tooth surface (Geiger SB

and Weiner S, 1993). This has been described akffasion based adhesion”
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(Akinmade AO and Nicholson JW, 1993). There is adsdegree of adhesion
available to the collagen of dentin through eithgdrogen bonding or metallic
ion bridging between the carboxyl groups on theyacd and the collagen
molecules (Akinmade A, 1994). The reason for inseelabonding strength by
adding HA, one of the main components of the totwth,C GIC that chemically
bonds to tooth surface, was considered to be fitoenparticipation of calcium
ions from the HA in the chemical bonding of thettband the material (Lucas
ME et al., 2003). The bonding strength was greaténe Exp. 2 than in the Exp.
1 group, in that smaller particles make the surtaeas greater, and the adhesion
rate of the particles to the surface greater they tnvade into the enamel surface
and between the micropores and eventually providatgr bonding strength.
Additional insight into this field was contributdxy recent X-ray photoelectron
spectroscopy studies (Sennou HE et al., 1999). &ehave shown the formation
of an intermediate dentin-glass ionomer layer endtwrface of the materials that
enables the exchange of mineral and organic elamamti consequently the
adhesion of the material to dentin.

In the SEM observation of the fractured surfatke, most common mode of
adhesion failure between the LC GIC and the deapgpeared during the bonding
strength tests, was cohesive failure within the GIC. This result is in accord
with the study done by Ngo et al (1997) that adtetahe bonding strength

between the hard tissue of the tooth and the cemaiix is stronger than the
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strength between the cement matrix and glass [etilt is known that the pores
in a solid body act as stress-concentration powitere fracture can initiate
(Griffith AA, 1920), and it has been speculated tihés explains the frequency of
cohesive failure within a GIC (Tanumiharja M et 2000). Cohesive failure was
more evident in HA-added experimental groups, amdenin the Exp. 2 group
than in the Exp. 1 group, as a result of incredmeutling strength.

The reason why the samples were kept in the SBH fkas to induce the
formation of bone-like apatite between the integfaof the tooth and the material,
and as a result observed under SEM after 4 dagscdhtrol group revealed to
have a greater porosity compared to the HA-addeeréxental groups. There
were observable bone-like apatite particles forrmedhe surfaces, in the HA-
added experimental groups. This is reported to obetributed by the ion
exchange between the SBF and the HA soaring frenmidterial (Santos C et al.,
2001). We could observe a greater number of bdwmedpatite particles in the
Exp. 2 group compared to the Exp. 1 group, anda thezitinal tubules were hence
narrowed by the formation of these particles. Tregeetwo possible reasons that
can explain why a greater number of bone-like &patarticles were formed as
the size of HA particles decreased. The first reasdhat because the solubility
of the nano HA is greater, the particles can matevgly participate in the ion
exchange with the SBF fluid (Domigo C et al., 2Qtdnd the second reason is

because the nano HA has a strong adhesion strandtibvecause it is similar to
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tooth components. As it was mentioned as the re&sonncreased bonding
strength, the strong adhesion strength and thelasityito tooth components
facilitate its infiltration into the micropores ttie tooth surface and the subsided

nano HA particles facilitate additional particlessubside.
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V. Conclusion

This study was conducted to evaluate the effeatadrporated nano HA on the
demineralization resistance and bonding strengthigbt-cured glass ionomer
cement in comparison with micro HA. The depth ofegisensitivity to ambient
light, and flexural strength, which are the necessaquirements for dental
water-based light activated cements, were detedmaweording to 1ISO 9917-
2:1998. And in order to observe the demineralizatiesistant effect of each
material, sectioned specimens were observed undeMGnd SEM after 4 days
of demineralization. Four weeks after the assendblyooth-cement had been
immersed in SBF at 37, the shear bonding strength was measured and the
fractured surface of the specimen was observedruBB&1. According to the

results, the following conclusions could be obtdine

1. The depth of cure was found to be in the decreasidgr of the control,
Exp. 1, and Exp. 2 group, and there were statlBtisgnificant differences
between the three groups (p < 0.05). The curinghdiepall groups satisfied
the 1ISO 9917-2:1998 requirement for the minimumragudepth of 1 mm.

2. Regarding the sensitivity to ambient light, thererevno detectable changes
in the homogeneity in any group.

3. The flexural strength was found to be in the insieg order of the Exp. 2,
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control, and Exp. 1 group, and there were stasibyicignificant differences

between the three groups (p < 0.05). All groupsstatl the 1ISO 9917-

2:1998 requirement for the minimum flexural stréngt 20 MPa.

. Observing under the CLSM after 4 days of acid demalzation, the

control group showed thicker enamel demineralirati@yer than in the

experimental groups, and the Exp. 2 group showed thinnest

demineralization layer.

In SEM analysis, there was greater enamel demirat@n in the control

group. As less demineralized occurred under theente of HA particles,

the experimental groups revealed relatively evenfasa particles.

Comparing the two experimental groups, the Exp.r@ug was more

resistant to demineralization than the Exp. 1 group

. The bonding strength was found to be in the inengasrder of the control,

Exp. 1, and Exp. 2 group, and there were statlBtisggnificant differences

between the three groups (p < 0.05).

. Observing the fractured surfaces under SEM afterbibnding strength test
was performed, the cohesive failure ratio was fotmbe in the increasing
order of the control, Exp. 1, and Exp. 2 group.réhgere bone-like apatite
particles formed in the HA-added experimental gspupnd a greater
number of bone-like apatite particles were formedhie Exp. 2 group than

in the Exp. 1 group.
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15% micro HA and 15% nano HA were used in this wtachd we found that
although the addition of nano HA to LC GIC led tagpsrior demineralization
resistance as well as superior bonding strengthspite of inferior flexural
strength compared to the addition of micro HA. Assg that similar results can
be achieved in the oral environment, the resultshe$ study indicates that
demineralization of enamel surface can be prevenyedsing nano HA. Further
study is needed to determine the optimal conceotraif nano HA particles in
LC GIC to achieve proper physical properties of teenent. In addition, the
mechanism of increased demineralization resistaht€ GIC incorporated with

nano HA should also be investigated.
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