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Zt}2olol 2 AWl E(Glass ionomer cement, GIO)+ E4 o] W35t 3
A4S 7R A, AARSEH o, X|ole} Z|A A AFE ofye} gEHQ A=

R FHL AAW B Hdol vy FRe] NpHtE WAL M 3
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o2 By 93t} ZHE2AFHOIE AAS Hrlshe A7 JyH L Aok
3}o] = & A o}yl E} o] E(Hydroxyapatite, HA)= GICol H7MA] S /ArolTElo|EE
Pt Aot} AFHEES FUHAZIAL E3E X o FHS AFIA TN ERE X

EofollA EgE3 Ao wlEl-EE L g X v o] E(beta-tricalcium  phosphate,

beta-TCP) 3 X|ofe} ZxZ oA AESA QM S FAHH w2 &S
VA Zgd QA ol2S WEAA ABsE 1T F Ytk o] FUMAE £
3k o] Ak X 29| o] E(Biphasic calciumphosphate, BCP)= HA2] &4 3} beta-TCP

o we §34, T/ B4 ERE /Mt vhe 219 BEEadClE YAkt
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AL v D52 Yol JAsL dxToze Fuji I 353d GIC, 4
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LHUHH 5, 2008). EF Felrojolem AWEL i o2 ALHOo
FEete AR FAHL FADIR, 2008), YA Zekroto] @inie] AL

&2 didez =97 o] Y s isits dAE 7FHMount G,
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A opzte] AWE Zed IR TRACIUEIESY AHOE A% BAZ
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(toughness)? 22 71AAR] E49 HAFHdS Z=the Aot 2008).

olgld AME FEIY] AT ATE IFghzolo]lr AWIEC olijElolE
EAE HUbste A9 AAHD Jon dHE Fehrolo]loxm AWIEY Z
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Ui Az =719 HE-EdZgE2HolES ARl on F5EE Sgh2ofo]
e AMEZE Fuji I LC(GC Co., Japan) & AH&3l3 tHfig. D).

Ui rE A 3719 Sfo]=E A otutElo] E= Medical grade extra pure nano
powder hydroxyapatite (OssGen Inc., Korea)E AF&3+om(fig. 2) A2
Ca(POs(OH)01 2 HH YA Z7]= 100 ~ 150 nm o]t}

yUxrlg 94A Z719 He-EdZgEX2Ho|E= Medical grade extra pure
nano powder beta-Tricalcium phosphate(OssGen Inc., Korea)& Al-&3} a(fig. 3)

42} 2 beta-Cas(POg:0 ™ Hg 9 =Z71E 50 ~ 100 nm o]t}
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Fig. 3. Medical grade extra purenano powder beta-TCP
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Table 1. Sample identification of GIC

Sample 1. D. GIC wt% of Apitite
LC GIC (control) Fuji II 0

Nano HA-LC GIC (exp. D Fuji 1l 15 % HA
Nano beta-TCP-LC GIC (exp. 2) Fuji 11 15% beta-TCP
Nano BCP-LC GIC (exp. 3) Fuji 1l 15% BCP
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X
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5.0)table 2)o €At} Acid buffer solutione 2.2 mM CaCl2, 2.2 mM NaH2PO4,
a8l 50 mM acetic acid 2 FAAFE oW FH|F Xo} AlHE &N o
37C oA 497 RASF T ABS &8-S 244 7 oot w A 5 Tk

49 &, xolE YEFH epoxy-resine]l Ei Egols AlHoT wWEQT
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EXAKT diamond band saw (EXAKT Co., Germany)E o] &3l FEA g5 =%
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scanning microscope (CLSM) (Leica, Germany)E o]&3le] A7 AHR19le] B
2 &3] g g #EES AlYsiA

CLSMo. 2 ##sl7] 9ls) Al#-& 0.1 mM Rhodamine B solution®. 2 1 A|ZHg<k

AT ZR4E AHF F AZAZAT. CLSM o2 faay @38 Wart 9
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Table 2. Content’s ingredients of acid buffer solution (pH 5.0)

Materials Molecular weight Vol Weight Concent
(g/mol) (mD) @ o~
CaClz 110.98 1500 0.3662472 2.2 mM
NaH;PO4-2H,0 156.01 1500 0.51 2.2mM
CH3COCH 60.05 1500 4.503942 50mM
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S 22N Y8 ABEE AopFFel o] HEF wHsA AAE T =

Z5 THL smear layer & A A7) 93 35% ko= A s Thfig. 4a).
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24313 A Ee AR Wz ANste] mNmm® 2 Helsach
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Table 3. The components of simulated body fluid(SBF) in this study

List Material 500ml (g)
1 NaCl 3.998

2 NaHCOs 0.175

3 KCI 0.112

4 KoHPO,.3H,0 0.087

5 MgClz.6H;0 0.1525

6 1IM-HCI 20 ml

7 CaCly 0.139

8 NaSO4 0.0355

9 NH,C(CH20OH)3 3.0285

(@) (b)

Fig. 4. Sample for the investigation of bonding strength.
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o BAGE B4

EA Ao SAS 9.1 version(SAS Inc., North Carolina) 2.2 A|3sty e+~
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& o), 59 Ax, AFA=EC A7t A=AE dobE U One-way ANOVA

o

test® AW3tel Zze] 2§ BASHA FORE B

I
o

2 (p value=0.05)
bonferroni WHOE AL AAS APsAct. AxE HF 33 HAY9E A3

At
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2 Abololl FoAdAdeE AolE HATHp < 0.0001).

EE IF°] 1SO 9917-2:1998(E) o w& F3rzo] 71#%d 1 mm o]& w53}
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Table 4. Depth of cure (mm)

GIC HA-GIC Beta-TCP-GIC BCP-GIC
Mean 3.010 2.230 2.830 2.380
Range 2.975 2.300 2.735 2.280
~3.035 ~ 2.455 ~ 2.890 ~ 2.500
35
3 =3 oo
25 = — =
2
15
1
0.5
0 T T 1
GIC HA-GIC TCP-GIC BCP-GCI

Fig. 5. Depth of cure (mm)
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1= el A A

&7 66.240 MPa, A3 12 49.380 MPa, & 3@ <+ 2+ 46.478 MPa, Z1g]iL

AT 38 44.205 MPa & 7123}tk One-way ANOVA testE %3] 4 153t

=7 A5 (p = 0.0007) bonferroni & A% AAZ Ay thxdy z+ 243
TE Abolol fo@ge o)zt ok mzwd AP 1 (p = 0.001D, =T
AT 2 (p = 0.0117), hxFH AP 3 (p = 0.003) Atelol Fol&gHat zjo]7}
EABAT APF 1, 2, 3 Aol @ xtol7h glitHp > 0.05)(table 5,
fig. 6).

TE 52 15O 9917-2:1998(E) ¢ #34= 7]%< 20 MPa o)< A 7o
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Table 5. Flexural strength (MPa) (P=0.007)

GIC HA-GIC Beta-TCP-GIC BCP-GIC
Mean 66.240 49.380 46.478 44.205
Range 59.550 44.813 37.988 39.600

~ 81.253 ~ 58.200 ~ 60.188 ~ 48.563

(H& F34= = 20 MPa)
90
80 F
70
60 =5 T -
50 N =
40 i ie
30
20
10
0
GIC HA-GIC ~ TCP-GIC  BCP-GCI

Fig. 6. Flexural strength (MPa)
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2. Confocal laser scanning microscope & ©|-&3%F &34
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CLSM & €38 331¢ He4e wil ste] #2e golat7 I JATEol

Hsl tizaolA g3de] 7Hg doler I geoes AT 2, 497 1, 4
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f
[>

HolE T ofvEtolE EHFo] EFEH degH EIWo] ¢ ¢f

flo
i
rlo
k=)

o JdHE IAHM A5t A "B FofolM FA dHHA B

AL T ogsE 297 yEgs A4S B3
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CONTROL

ENAMEL ENAMEL

(a) Control (LC GIC) (b) 15% nano HA-LC GIC

TCP-GIC BCP-GIC

ENAMEL ENAMEL

(©) 15% nano beta-TCP-LC GIC (d 15% nano BCP-LC GIC

Fig. 7. Sectioned surface of the interface between tooth and material
under confocal laser scanning microscope(CLSM) after

demineralization (x 10).

_21_



i
o

i
oot
ol
bt
fr
i
o
o
‘[\D
i

A1 3, AT 1, dxT €22 =4 YEnten

O_I.4

TE 7 2o)7t Aoy one-way ANOVA test #4] Ay EA gz o2

:{o

o] &
go]x

O_u

AE ZolE BYtHp = 0.0002). thx=T3 AP Altolde FATHO=E
A+ ZolE B A bonferroni AFE HAANA dEzF3 Ad 1 (p = 0.0011), o

o AP 2 (p = 0.0013), x4 A7 3 (p = 0.0007) o= o3k =t

2ol A= 442.000 mN/mm®, AEF 1 o] A= 1706.100 mN/mm®, 2 &

2 oA 1782.400 mN/mm%, A& 3 ol A= 1724.800 mN/mm® o]l thtable 6,

fig. 8).
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Table 6. Bonding strength (mN/mm?

GIC HA-GIC Beta-TCP-GIC BCP-GIC

Mean 442.800 1706.100 1782.400 1724.800
Range 318.471 1164.190 1493.277 1019.108
~ 736.022 ~ 2009.908 ~ 2551.309 ~2912.243

4000
3000 =
2000 - T
.—l_—. .
1000 ==
l—T__I
0
GIC HA-GIC TCP-GIC BCP-GCI

Fig. 8. Bondig strength (mN/mm2)
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obolem AHIES A 7FE =& 66.24 MPa & JYElNY I oz 3loj=
S Aol gELO| E T145(49.38 MPa), WEl-Eg|ZgX ~do]E 115(46.48 MPa), ©]/
ZgEL2FolE T1544.20 MPa) ot Z717F &1 &8 =7t & v YAE
o] Z7|7} & ololexw WEE X~ YE Eoi7} packing effect= AA1(Gu 5,
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Abstract

The resistance of demineralization and bonding strength
of light-cured glass ionomer dental cement filled with

nano-sized hydroxyapatite and beta-tricalcium phosphate

Yon Joo, Mah

Department of Dentistry
The Graduate School, Yonsel University
(Directed by Professor Byung-Jai Choi, D.D.S., Ph.D.)

Compared with the other restorative materials, GICs are
biocompatible in the mouth, with no significant harmful reactions
being reported so far. There are many studies adding calcium
phosphate materials to GICs because the use of GICs is limited due
to its relatively inferior mechanical characteristics and sensitivity to
moisture, which has biocompatible characters, anti-cariogenic effect
with releasing the fluoride ions, chemical bonding to the teeth as
well as mechanical bonding.

According to a previous study, hydroxyapatite, when added to the

glass ionomer cement, increases the bonding strength with human
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teeth by forming bone-like apatite. A kind of bioceramics, which
elicits a specific biological response at the interface of the material
and the living bone-tissue including different calcium phosphate
ceramics like hydroxyapatite (HA), beta-tricalcium phosphate (beta-
TCP), and biphasic calcium phosphate (BCP) have been developed
to repair and reconstruct diseased or damaged bones or tissues.

In order to investigate changes in the material itself and between
the interface with the human tooth, 15 wt % nano-sized HA(exp.l),
beta-TCP(exp.2), BCP(exp.3) were mixed with LC-GIC. Observing
under the CLSM after 4 days of demineralization, in order of exp.2,
exp.l, exp3. showed little degree of the demineralization layer
which was thinner than that of the control group.

The depth of cure, the sensitivity to ambient light, and the
flexural strength and bonding strength with dentin test specimens
were maintained at 36.5 ° C in SBF for 2 weeks. The curing depth,
the light sensitivity and the flexural strength satisfied the standard
value. The bonding strength of exp.2 was the greatest. Exp.3 and
exp.l showed almost similar values, and pure GIC group showed the
lowest values. There were statistically significant difference
between them were present.

The aim of this study was to enhance the bonding strength of
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glass ionomer cement at the interspaces with teeth, by utilizing
bioactivities of nano sized HA and high solubility of nano sized
beta-TCP, which result in increased apposition of bone-like apatite
at the interspaces with the teeth and to confirm better

remineralization effect on the enamel surface.

Keywords : Light cured glass ionomer cement, nano-saized hydroxyapatite, nano-
saized beta-tricalcium phosphate, nano-sized biphasic calcium phosphate,

resistance to demineralization, bonding strength

_43_




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




