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ARg Zehrololenr AWMES QI 2717k e F A sl =S Ao}

delolEE Fn]Elglal, FEfolol o AlWMEE RelyX™ GIC (3M/ESPE,

Ol

USA) (Fig. D& AH&-3k3ltt

nlol A 2N E] YA} A 7])9] Flo]| =EAo}i}Elo] EE Calcium phosphate tribasic

flo

(Sigma-Aldrich Inc., USA) (Fig. 2)& AR&atglen, of Azo a4
Cas(OH)(POy)s, Fxt YA 242 5-10 mSI ).

Yrr g Y 719 dlol|=FAJoluElo] E= Medical grade extra pure nano
powder hydroxyapatite (OssGen Inc., Korea) (Fig. 3)& A}&3}% 3L o] A g9

W AFA 2 Cayp(POs(OH),, 3+t UAF 2172 100-150 nm¢8l



3M ESPE

RelyX™
Luting

Luting Cement
Liquid
9ml

© 35151

Fig. 1. RelyX™ GIC (3M/ESPE, USA).

Ca 34.0-40.0%

Fig. 2. Calcium phosphate tribasic (Sigma—Aldrich Inc., USA).



2\ | Lot.No.HO70315  Medical Grade Extro Pere Nano Powder | B

5 | mw=100a62 T AssAYmin g% (159 ) wedomkore: | 3
b Hydroxyapa;te
; [Cay,(PO,)¢(OH), !

CAS No. 1308-06-5

| For taboratory use onty, not for drug, food, or household use.

Storage in dry desiccator or in closed bottle recommended.

(712-749) 303A Center for SMB Cooperation %
in Yeungnam University K@lOQSGen
#214-1 Daedong Gyeongsan, Gyeongbuk, Korea

(82) 53- 811-8191 / FAX : (82) 53- 811-8192 "= "

Fig. 3. Medical grade extra pure nano powder HA (OssGen Inc., Korea).
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vl Ak o] AF A= 15% nano HA-RelyX™ GIC7F UF Add Asls
BA7] wlEo 5% 72AA7 10% micro HA-RelyX™ GIC9 10% nano HA-

RelyX™ GICE AF&-3}9lth (Yoon &, 2005).
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nano HA-RelyX"™ GICE A& 7oz AA3s}o] nuwslelth (Table 1).

Table 1. Sample identification of GIC

Sample 1. D. GIC wt% of HA

GIC (control) RelyX™ 0

Micro HA-GIC (exp. 1) RelyX™ 10

Nano HA-GIC (exp. 2) RelyX™ 10
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AokgHzol gle WAY 97 WA WF-wer ZAF Wb wrg

2% (6 mm x 2 mm x 1.5 mm)<S FAFNIL 2529 HAL AL fissure bur®

flo

np 2] dl9g o™ cavo-surface angled 90°¢] 7= ZE gAY oS As

AsA FEARS melste] 27 @A ALY AWME J8 F Sof-Lex  disk
= <Awtsialt.

bl A7ket 4= 9l varnishE ¢ WASEHFE] 1 mm Holxl ol 2
A4319 a1 AolE 25 ml9] acid buffer solution (pH 5.0) (Table 2)o] ¥-& ¥
37CoNA 4943 Bystglom AF & 2443 with wAEF T

49 5 zo}= epoxy-resino] & 3 EXAKT diamond band saws (EXAKT
Co., Germany)E Ab&sto] F8E9 T4 AYEs Xolo] AEWeFow ddt
sto] Al-g Al &Skl

Adgk AJH2 confocal laser scanning microscope(CLSM) (LSM 510, Carl
Zeiss Meditec AG, Germany)®} scanning electron microscope(SEM) (S 2000,
Hitachi, Japan)& AF&38to] A5 AFEF HFAo] &3] oo digt #zs A8
sttt

CLSM #4925 98] 2 0.1 mM Rhodamine B solution®. & 1A]7F FoF &



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

Materials Molecular weight (g/mol) Vol (ml) Weight (g)

CaCly 110.98 1000 0.2441648
NaH,P0O,.2H,0 156.01 1000 0.34

CH3;COOH 60.05 100 0.300263

AWAE AL 93 2 Y 50 4 F 15709 BAE 9T ATAE ALES

At BE XolE dEF 9 epoxy-resin mold (25 mm x 25 mm x 25 mm)oll

58 BY 8@ dobdg wEAIY) s AuRE Aokl &

2102 2 A5 =E5E B WSS A Yéll 35% Qlito g EE]A|

o ARs A (A4 6 mm, ¥l 6 mm= 3)E x| FAsAT

(Fig. 4). ANHe9 Asl7h 93 % 72 ZES 37ColA pH 7.4 FAFA

(simulated body fluid, SBF) (Table 3)o] B #3s}G 1 g0 1Y v} o A3

GARAES SASNY. AdddAdEs s eel Aghd e vz ALlst
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Fig. 4. Sample for the investigation of bonding strength.

Table 3. The components of simulated body fluid(SBF) in this study

List Material 1L (2) 500ml (g)

1 NaCl 7.996 3.998
2 NaHCO3 0.35 0.175
3 KCl 0.224 0.112
4 KyHPO4.3H0 0.174 0.087
5 MgCl,.6H50 0.305 0.1525
6 1M-HCl 40 ml 20

7 CaCly 0.278 0.139
8 NayS0O, 0.071 0.0355
9 NH,C(CH,OH); 6.057 3.0285




TS SAS 8.2 versione @ AlAE R Ve, FEAIZE, HEAE, A

ZrZVo| A Tz, AdT 1, AdT 2 7 z2Fol7F A=A E Kruskal-Wallis

test® BA3A oM (Fo4F = 0.05), o'l F 7t Zo]7t A=AE w7 2

Dunn procedure® AFF#HA3sI3tt A= F7Fgk(median)d W9l (range)® A

Zl sk e,



. 2=

7} 1SO 718 23

i<

ul
AHT 12 0.011 mm, 287 25 0.006 mmzEA hFx=7¢ GICY 0.023 mm

Hop A2 s vERlTE (Table 4, Fig. 5).

Kruskal-Wallis test® 215k A3} A 7bol] EAsA o7 fFolst ukgl 2o
7} 92l (P < 0.05), Dunn procedure® A} EZAA Al tiZz3 AdT 27F -9

gk 2ol E WA (critical value = 2.395). BE 0] I1SO 9917-1:2003E) 1%

o Jd& A9z 27 (HY 25um °lsh= KA FH

H



Table 4. Film thikness

(mm)
Control Exp. 1 Exp. 2
Median 0.023% 0.011 0.006%*
Range 0.021~0.023 0.010~0.012 0.004~0.007

* . Statistically significant at critical value = 2.395 by Dunn procedure

0.0254
value
Maximum
Minimum
O Median
0.020-
0.015-

0.010 I
0.0054

Control Exp. 1 Exp. 2

Fig. 5. Film thickness (mm).
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thzaro] 223%, A@ 10] 380%, At 27F 814x= ZAshAzto] F7kdth
(Table 5, Fig. 6).

Kruskal-Wallis test® &A1t A3} Al o] zpo]7} FAGA o2 fFo)Ao] 3
3 (P < 0.05), Dunn procedure® A}SHAA Al x+3 Ad+ 27 ok A

o]Z ®W Yt} (critical value = 2.395).

=
BN
By
i)
>
ey
By
—
rlo
%)
o
©
O
—
ﬂ
o
2
o
S
«
"
=
o
=2
¥,
rlr
o,
oty
>,
L
BN
™
B
B



Table 5. Setting time

(sec)
Control Exp. 1 Exp. 2
Median 223% 380 814+
Range 217~225 375~384 812~820

* . Statistically significant at critical value = 2.395 by Dunn procedure

900— value
Maximum
Minimum
800 == O Median
700
600—
500
400
= @ md
300
—0 —
200
Control Exp. 1 Exp. 2

Fig. 6. Setting time (sec).



AGFE 1€ =757 101.1 MPaZA tx279 92.26 MPakth =4 =4

Ho o} Add 2% 64.62 MPaz tlz7Rt 22 o=z =45t} (Table

Kruskal-Wallis test® #21gk A3} A 9] o7 SAEH o2 FoAdo] )
3 (P < 0.05), Dunn procedure® AEAA Al F9gt xfo]E Holx Fo] ¢l

At} (critical value = 2.395).

1~n
r[n
HJ

o] ISO 9917-1:2003(E) A A= FF4=2 =71 (84 50 MPa



Table 6. Compressive strength

(MPa)
Control Exp. 1 Exp. 2
Median 92.26 101.10 64.62
Range 84.15~96.65 97.67~108.78 56.62~70.75
110.00] value
I Maximum
Minimum
O Median
100.00—
90.00—
80.00
70.00- T
Q
60.00—
50.00—
Control Exp. 1 Exp. 2

Fig. 7. Compressive strength (MPa).



}. Confocal laser scanning microscope(CLSM)E o]&3 €3]
W #F

e BT 5 Utk CLSM ARolA ®edozn EAH glo] galg kol

o A& 52 Rhodamine B solutionS o] <35t HA vebgth (Fig. 8).

Control Enamel Enamel : Enamel

(@) (b) (©)

Fig. 8. Sectioned surface of the interface between tooth and material under
confocal laser scanning microscope(CLSM) after demineralization (x 10).
There was an apparently demineralized appearance in the enamel adjacent to

the cement in the control group (a) compared to that of exp. group (b, c).
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(x 10000) (x 20000) (x 50000)

(a)

(x 10000) (x 20000) (x 50000)

(b)



(x 10000) (x 20000) (x 50000)

(©

Fig. 9. Scanning electron micrographs of the sagittally sectioned enamel surface
adjacent to the filling material after demineralization.

The control group (a) shows greater irregularity and porosity on the enamel
surface compared to the exp. 1 group (b) or the exp. 2 group (c). The exp. 2

group (c) shows the least irregularity and porosity after demineralization.



WEAEslE olgd A ARAEES

e
o

Agk Ay dgixae 751.10

¢

mN/mm?, 2@ 1< 1016.30 mN/mm®, 2@+ 2= 1913.10 mN/mm* o5 2
= fhol F7Fek3ith (Table 7, Fig. 10).

Kruskal-Wallis test® A gt A3} Al 2] #o|7} SAStH oz {2940
13 (P < 0.05), Dunn procedure® AME7AA Al tjzay AdT+ 27 G935 2

o]Z ®W Yt} (critical value = 2.395).



Table 7. Bonding strength

(mN/mm?)
Control Exp. 1 Exp. 2
Median 751.10% 1016.30 1913.10%
Range 584.90~786.90 932.50~1340.10 1816.00~1930.00

* . Statistically significant at critical value = 2.395 by Dunn procedure

2000.0— value

I Maximum
T Minimum

O Median

1750.0

1500.0—

1250.0

1000.0-

750.0— T

500.0—

Control Exp. 1 Exp. 2

Fig. 10. Bonding strength (mN/mm?).



ul, AY¥AE =A FT scanning electron microscope(SEM)E
o] &3 AW #F

ol AXY (Fig. 11).

Y270 A= Hole] Aolamol A HYPg o} HAS X 2o Ttof A
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-

FHEL BAslth B vholanvE 44

o] HAAAET v el dxje] HAMA Y B & AL olgElolE =4 &3

o

geled = A (Fig. 12).



Fig. 11. Interface between tooth and material observed under SEM (x 200).

Increased appearance of cohesive failure was observed in exp. group (b, ¢) in
comparision with the control group (a). The exp. 2 group (c) had greater

cohesive failure than exp. 1 group (b).



(x 5000) (x 20000) (x 50000)

(a

(x 5000) (x 20000) (x 50000)

®



(x 5000) (x 20000) (x 50000)

(©

Fig. 12. Interface between tooth and material under SEM.

(a) Control group, No bone like apatite materials were observed on the tooth
surface.

(b) Exp. 1 group, the expected particles of bone like apatite were seen on the
tooth surface.

(c) Exp. 2 group, the expected particles of bone like apatite were formed on

the tooth surface more than exp. 1 group (b).
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ghrotol Quen] AWEE WA, Jobd wRo] sehd AP sha Aobsh fAb
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gy =84 Addol gk ol e oldd EA Ade FEA7INEA

HE Foldd= ARVt BEA gt} (Mazzaoui 5, 2003).
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Fol'

Calcium phosphate compound (Pickel®} Bilotti, 1965; Reynolds &, 2003),
casein phosphopeptide—amorphos calcium phosphate nanocomplex(CPP-APP)
(Shen %, 2001; Reynolds %, 2003), Urea (Infeld 5, 1995) 59 E22d&5& 4,
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Abstract

The comparison about the resistance of demineralization and
bonding strength depending on particle size of the

hydroxyapatite in glass ionomer dental cement

Jong Jin Lee

Department of Dentistry
The Graduate School, Yonseir University

(Directed by Professor Seong Oh Kim, D.D.S., Ph.D.)

Hydroxyapatite is the main component of the tooth and bone mineral as
biologic apatite. There have been several studies for the substitute of bone,
dental restoration, and remineralization of the decalcified teeth in dentistry.

Recently, nano—technology has been involved in a variety of fields including
dentistry. As nano HA particles are characterized by their small size, large
surface area and high solubility, we expect that nano HA will contribute to fill
in the micro-sized pores of the demineralized enamel surfaces, and to supply
inorganic ions such as calcium and phosphate.

The aims of this study were to compare the physical properties,
demineralization resistance, and bonding strength among three groups: GIC,

10% micro HA-GIC, 10% nano HA-GIC.

RelyX™ GIC (3M/ESPE, USA) was used for this study. We used GIC in the



control group, 10% micro HA-GIC in exp. 1 group, 10% nano HA-GIC in exp. 2
group.

Film thickness, setting time, compressive strength were measured in order
to confirm that the cement met the basic requirements of dental materials (ISO
9917-1: 2003(E)). And to test demineralization resistance, sectioned
specimens were observed under CLSM and SEM after 4 days of
demineralization. Four weeks after the assembly of tooth—material had been
immersed in SBF at 37C, the shear bonding strength was measured and the
fractured surface of the specimen was observed under SEM.

There were increases in sequence among : (1) exp. 2, exp. 1, control group
in film thickness, (2) control, exp. 1, exp. 2 group in setting time, (3) exp. 2,
control, exp. 1 group in compressive strength.

The main acquired results are: (1) During the observation of the sectioned
surface using CLSM after demineralization, it was found that exp. group had
more demineralized appearance in the enamel adjacent to the cement than
control group. (2) Exp. 2 group had more demineralization resistance than exp.
1 group under SEM. (3) The bonding strengths were increased in the order of
control, exp. 1, exp. 2 group. (4) Cohesive failure was observed in all groups.
(5) The bone-like apatite particles were formed in exp. group as expected and

(6) exp. 2 group had more bone-like apatite particles than exp. 1 group.

Key words : glassionomer cement, micrometer HA, nanometer HA,

demineralization resistance, bonding strength
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