FEtsolol 2w AHES HrtH
U 37] He Egdg T2 0|E AG3d tF g

sk

AMUSE el
2 o] 5t}

F9 %



FEzolol e AHES H7tH

U 37] He Eddg TAFH0|E AB3d tF g

2008 d 249 ¢

AAeta ojste
2 9 & 3

S (o)
T 9 %



3 &
o
0_5'3_.0
o] A
SPA!

}\u‘l
A4

}]\:]!
1419

}]\:]!
1419

S}

T 'l'-
=

o
N

ol

20
0
8 2
4
d



T3] v

ek
=

oANA &gl ol=77AA A A

3
2

1

A

_'?_

A

=g

hA 2

T
I

Bel AT M A

ik

Uk,

3} 7

2

& Ao FHellA A

| 71 =8

3]

g 9

BpA o 2 A

H

o} 717

HE

A %



21|

E

L A&

H

o]
W

e
=
;OU

W

a
i\
]
B

s
)l
o

]

2
. ISO 7]

2) 733k~
|

j] A
S|
A
CLSM, S
, SEM<
= °ol&

3 5
Aok @

10



TE IS0 Z]E A1T] s 11
L. T)HFE  coeerreeessecsssssses s bbb s s p R R 11
2. ZABFAITE e 12
3. OFZEZIIE e 13

1}. Confocal Laser Scanning Microsope(CLSM)E ©]-&-%F
EFB] T TFEh eenersnmssrssssmsssnsssssssss s ssass s 14
t}. Scanning Elecron Microscope(SEM)-2 ©]-8-3F €3] -3z 16
I\ _‘]—7_% ............................................................................................................ 21
V @% ............................................................................................................ 25
SFTIELG] eereeeesseesssessess s s bR R %



a8 &

29 1. Relyx™

12

13

14

15

:n

19 5. CLSMe.&

16

a4 6. CLSMe.= #&

17

b E3lE oz AE(200004H)

a9 7. SEMo.=

18

b E3lE oz AE(G00004H)

a9 8. SEMo.z

19

A (20000%H)

AT A

234

1

23t

1% 9. SEMe 2

20

A138(500004H)

a4 10. SEMe.=



E® 2

11

13

14



g a0}

=Et2otol e AIHE H7bH
Ur 37] veleggd g XAV oEL AF3d g I

B AFo| = A3E nano-p-tricalcium phpsphates 33k X3k 3

.

& =

2otolem] ARIES] 924 Tea AFsE BFrhshr] fsiA AR EH UG,

-
L
2
o
a.
—
=)

b
=
o
)

ko)
=
&
(@]
rlr

i
o
i)
X
it
ot
ox
i
2
ri
2
ol
rlr
Lo
ot
1%
o
=
Z,
o
=
<

P

o)
=2
>
ofo
A,
N
_ﬁ

%
Lo
ofo
>
r\:l
(m
rlr
=
o,
o
<

=
i
i)
[>
o
o
o
b
a2

Al

[l

(BM/ESPE,USA)e|t}.  Zefzofol o AHE %, Z1gal 15% nano-f-

tricalcium phosphated-f+ Set2olol o AWES] mutx A3IAIZE, 181

FEFEE YT AY A AP HEE WED Fehzololok

i)

o

AW ET 18]31 15% nano-B-tricalcium phosphate”} g% & 2o}o]

=

W AWES AR 7 Aoks 4U3H

w

b

7=o] g3oix 25ml pH 5.0 B

op
2

;g—

—~

ol FSA T

ol
N
e
o
AN
A
Nos
i

)

Z4olA 100ume] AL et 7



A2 scanning electronic  microscope(SEM)®}  confocal laser scanning

microscopy(CLSM)= o] &34 W& FHAA et WHeE 430, CLSM

ol A ZEbzofo] o -m AHMEF ¥ nano-p-tricalcium phosphate = k2:0}o]

em ARIEST Abolo] W3 2pol7h e CLSM2 oF 100um =7] A
A7 HEd 2] 23d 1S B 2P 2otoler] ARIE T =

Hl w2 F7& F=o] Yelytth o] uHks)A nano-p-tricalcium phosphates

ANAE FFFel ekth SEMe= wAg EwHS #wEI A3 nano-p-

tricalcium phosphatedh+ =@ 2ofo]l e ixm A|HEF o] ZFfolo]lem Ald

ET Al @ A #Ws

it
et
_{

X0,
W)
o
ox
lo
iin
o
s
fo
20

oFs}H nano-p-

tricalcium phosphate:= W#Z ZTHS 4to 2 QI3 ©3|oA REsta |33}

i
Jp

FHsts A2 AAK

FAE= T FEsoboleer AWE, g - TCP, &3, &4 a3, #3323}



=gtz olo)l o AHE H7IE

Ur 37] veleggd g XAV oEL AF3d g I

Zejzctolomm] AMEE 49, Aol FFHAAAL 27lols ATEokA 27|

A

3E $9)9) 5B ARHOE AGYTH AT DA S BESSA 2olE A

29 stz 33, golu, BEAY ALZF SHE £8, ;ot AX, 1T FFY Y

il

TOE A

-

430, g 2otoler AHMEE JHAE EFH AlFES 28 A=, A2

Yo S8 Aw, 2 AP Folys) Wolam BRATh A28 F AAR v

FEES 8l A3HE, ASE obF FHAAE A0

sdlzololelem] AHIEE 7B o® T Iga doz FAdY. 222 bl &7t

7153k calcium fluoroaluminosilicate glasse 2 FAHE I YA =Z7]= 20 ~ 50pmo|t}. Y



2 polyacrylic acid, itaconic acid, maleic acid, tricarballylic acid 5.2 T4 E T}

ofolowm AMEE oleg WEIE Auolth F i oles ALHOE oA BE
S o) 8l FHxclolens ARMEE FLAHE AT B ATAES ostd

= A olo] 2 AW Eo| calcium phosphateE #H7}stH 392 EAo] FrldEta S

o}. B — Tricalcium phosphate= XJo} HEdy =2 A& A As|AS T35
+ Edo|th. 183 B - tricalcium phosphatew thiFe] Z#3 QAAS st dedl

o] A

A s=o Mg ATt Als A ARsE FIIH

flo

ol Yirlee o] AFRE 2GR o BopillM ol&dHT Y Zleol osiA p-

tricalcium phosphate ¥YA+& ©l ZAl TFEal o] A& =g olo

fo
o
=

ARE] HAE A

$ Azl G944 2w A

ol

5 540l GFe M 5 de Aotk

wol A

=
[t

to

ol AFME 15%2] U =7]9] p-tricalcium phosphateE =& 20}o]

s
)

5

(RelyX™ A 2+& 3M/ESPE, USA)el A7}stgs Hrte AMES A d81 AL

o

EAS BA3Hh o) A9 E2.S nano-p-tricalcium phosphater} 3-8 F#j 20}o]

owrl ARES] F94 Delm AP EE Gobrs] Aol Yk



L A 2 49 49

7t AdA =

A

5]

rr

Z2ofol o AWES RelyX™ GIC (3M/ESPE, USA) ¢} nano-p-tricalcium

e

phosphateE A}-8-3}%th.

29 1. Relyx™

RelyX™ &= Rtz goloz FAFT B fluoroaluminosilicate glass, whol 22 <
o] ¥-& potassium persulfate®} ascorbic acid, Z#] 3 opacifying agento.Z FA4= Ut &

. methacrylate groupe] £-& polycarboxylic acid, HEMA, 48, A 3H$S A7 =



A%9] tartaric acido.2 T4 ¥t}

A3k nano B — tricalcium phosphate= OssGen.Co.Ltd oA THEANT HF YR =7]

rr

50 ~ 100nme] o}

L I

1 Rz
B o) wE AxAe AN mitom FRo: 16low, FUW Fo B 2F

RelyX™ GICE tjz7oZ AM43-9a 15% nano-B-tricalcium phosphate-RelyX™ GICE

2. 1ISO 7144
1SO 9917-1:2003(E) Aol weh X 3-g 54 AMEZ}F 7Aook s Ad HRE, ASA

7 AEA =) g A

’

ftlo

iz AdToA APt

27l Eysta BAS F2E AET AN FAE Lol o WA AT =



F3 (0.1 £ 0.05) mLe] A

S

< AA

3

o 3Rel A9

o

&
o
N
il

B!

—~
o

O

el

&

k!

Fgol 4247

2 frelw

o

2 A7k 10% ol 150 + 2 N9

3+

3

A z=3AZE A A

e

o) st FA NN FEBdS AASL FAHe] F2

1
Ak

d# B - 54

=
=1

t A% freEm T 2

el

w
)

p—

&

et 24 7] 2HT

AE

2) 33|13t

—

o
el

o

;O_L

JHE

A

=3

23+1°C £5oA FEHEEEQ x 10 x smmES ¢FrF 390 &

I

FABE

=
=

1°Cola 90% &%

o
ol

A

%

<

] & AIRIEC] X A1A

)

-—

%!
N
o

ol FAHA e WA

Age ¢

1

3
pal



102 Ao MBI EFo] B AHoEnE Fo AWE W JFEHA el 9
A% AP 4TS FHA 2Y WA AR ARoR Aol & AFAEoR AW

e EFo] £ AF 60X o|e] ANMES £3Y Bro 22 INEE J27 oF
o] ¥ ApEEA SR Slol gElEskth BEo} H@e FWIZo] IXNAA xoli

3 A5 HE 120271 A#shr] Holl BE S 571 (37 £ 1D)°Colal H 43 30%2 4

g o] g3te] Zolq FHSA wEol AW AZo| Azo] HEE HA

AHE 37+1)°C &

é
R
)
C.O
I+
(=
o
>,
r_}L
O
2
ry
ol
>,
57
flo
2=

A1 7I(Instron, UK)ell <
2AANFT AAY AEWFoa rEeES 71Eg o o ZAS o|fdly YEPEES
MPa @92 =# 353t

= 4p / nd?

p= the maximum load applied (N)

d=the measured diameter of the specimen (mm)



3. X|o} &3)9} SEM 181 CLSML o] &3 &3

r.l

Aokg4Zo] gl WAE G thFH wet-dY AAES wet % Fee SEE6mm x

2mm x 1.5mm)-<S AT o5 WAL A& fissure burs o] &3t vlE-g o

cavo-surface angleol 90°¢ 71ztAl FAstdth &5 5L 15% nano — B — TCPE &#3

s

GICEL BeH GICE AMUTh Aoks FUEE 100%, 7EE FASHUA 2442t ns

-

. 7} GIC #w -2 finished, Z12]3l polished =A™ cavo-surface angle= 3&dm|7 3

oA BAHU

2boll A 4= 9l varnishE 952 HASZRE Imm Boj X|olHel 23] welEAch

X ol= 2.2mM CaCl,, 2.2mM NaH,PO, 18] 50mM acetic acid(pH5.0)2 $F-#-3+ 25ml acid

bufferell 7= 4U3t R#ASGTh Agoe 4N guith ZolFArk 4Y Fo] Xo}E

epoxy-resinell &2 $ EXAKT diamond BAND SAW(EXAKT Co., Germany)E Ah-&3ste] FE

=0}

e

e
1o
o

AUEE Hobe] AEygo Aukatel 100um FA AHE A&t

2]

@3t AlH-& confocal laser scanning microscope(CLSMXLSM 510, Carl zeiss Meditec AG,

e

Germany)2} scanning electron microscope(SEM)(S 2000, Hitachi Japan) & AF&3te] A=

]_

38

o,

[«

A

o

AEF Hgdel 23 & 5, 59 AL ik 3

CLSM #49 <& 93] FEE 0.1mM Rhodamine B solution®. & 1A17F ¢ A&ty ZFHF=E

FAT & AxsIY. CLSM2 543nm 9] long pass barrier filterE Ab-&3te] €3]8H WHar)

A= WA FFS Yehdn



4. EATA B£A

EARA L SAS 9.1 version® & A sttt oo s, ASAL, GEAE,

T3 g Z&2T k] zkel st

o) =
AN

A+ student t — test= &4

10



m. 23

7} 180712 A9

1L %=

A ¥ #(15% nano—p-tricalcium phosphate @] 2olo] L =AM E)L 0.006mm= o Z(pure
GIO< 0.022mm R} 22 & Yetdlth & + o SO 72<] 25um Xtk A yepa =
A SEAH .

Wilcoxon Two-Sample Test= #Xg A3} F o Atolo] Fo& whgk Zo]7p A THPL0.05).

% 1 99z A9 23 (mm)

control(GI) 15% nano-TCP
1 0.021 0.005
2 0.023 0.007
3 0.022 0.004
4 0.021 0.006
) 0.023 0.007

11



(mm)
0.025

0.02

0.015¢

0.01f

0.005¢ H

pure GIC 15% nano—B—
TCP-GIC

2. 7433

AT 21%, UExTS 22329 AgAHS BAFh Wilcoxon Two-Sample Test &

EAS A3 T F Aolddl foAt gle ALE UStHP>0.05). tiE&w2 1SO 9917 #78¢

A ABATHAL - 0%, AT 4802008 BHEAZOU APFe BEHAAA R

12



2 2. 438A17Hsec)

control(GD 15% nano-TCP

1 226 921
2 223 935
3 219 918

(sec)

1000

800r

600r

400f

200) CF

0 pure GIC | 15% nano—B-—
TCP-GIC

a9 3. Azt

Zz72 88.02Mpa, A2 98.19Mpas Rt} Wilcoxon Two-Sample Test & #43dF 2

I F T Abelo] FYAE UEW A= FUATHPX0.05). F T SO 9917 — 1:2003(E) o A

T $SAESY 21(FH4A S0MPa)S THEAIF T

13



#® 3. d=4=MPa)
control(G 15% nano-TCP

1 88.02 89.08
2 93.13 115.2
3 78.78 103
4 79.58 89.02
5 92.26 98.19
(MPa)
100

96+

92r

88

84|

80 pure GIC 15% nano—B—

TCP-GIC

1}. Confocal laser scanning microscope(CLSM)E o] &3+ €3 #AZ

CLSMARZ o A &Mooz yeld Hoe= €338 Ffeola ASGIC &2 15% A — nano

TCP GIC)= Rhodamine B solutiong ®o] FFaA HM o2 Yelytt).

14



HA o=
o 23]
]_ ulo
wol ¢
ol

3]

A APl
H]

z

C
LSM AFA %

i
o
gl

TR

15



t}. Scanning slectron microscope(SEM)& o] &3+ ©3|H #3

gzl es HZde €32 ¢

2= 15% nano g — TCP GIC o 9siA - A izl nlsiA E37F d dojytom

| Aol Feie o FHHoI

16

£ YAt B H sk

ek

ke



a9 7. 239 gz (200004H)

17



a9 8. &3ld iz (500004H)

18



a9 9. 23" A3 (200004H)

19



a9 10, 23" A (500004

20



T AT I F Wl 2o He Az dA

ﬂl?i.f

i

2188t HoflMe FHS ARE A
A8kH 9 Agolth. Fezotolen] ARMEE oo satHel AS Hu A&Ho=
@ Fxe BEAE WEStL Aokt AR RFAATE AL Uk olHd EAS A
3713 B U2 283 AEE 7] A B2 AEEC] o] FoHTh

Calcium carbonate, Aragonite, Hydroxyapatite, Casein Phosphate-Amorphous Calcium

Phosphate, a — Tricalcium Phosphate “18]3 B — Tricalcium phosphate 5& Z#|2olo]l 2

S 2olol o AWHES EFF

rr

o AREC Y= Aol AdEHAY. ol AddlA

dde MAdEl= &3E Hth Hydroxyapatite7} 2@l 2=otol = ARES H7tE&= A $-

to
=8
-
>
=
(m
Lo

2 o}=%]el bone-like apatites ¥4ttt Bone-like apatite> =@ 2o}
ARG =st A5 =s AYFEE oF 15% A= F/HAAG 2em PAN BRI a9
1. polishabilityS Z7FA712L vl RAGFS Z7HA7IH 2 7] filerRth AHstEsE 5

o] . ey Hydroxyapatite®] &3l =7} w7] wj&ol bone-like apatiteo] &A=+

N

o] AVHAN AFAEY ¥EAE/ Z/bh ARET FF Zolst #AHT cohesive

failureo] AA= & &g Ad A Ao A7 A T8 © B2 bone-like

apatites WHE7] 9l T E AT H7bel YT A7t ol FolHH

21



B — Tricalcium Phosphate= Hydroxyapatite®} Z-2 apatite system ©]A|¥+ 83| =7} =7]

ol S zotolerm AWMES] =8]3 4o Ade AT AL HAteE AAAL

9o ge A77 QAR oMol ATH ARE WL Ay EYAFEAo|EY F

ool o] AWE oA WElERFEaT 0B ko] EAV4E AR} F7}

3903 Hydroxy apatite®} B — tricalcium phosphateZ 85 : 15 ®]&2 &%3 Biphasic

il

calcium phosphateE 713k sjA EA4S /AT A= AT S| 2olo]ewm AWE
o] 15% hydroxyapatite, biphasic calcium phosphate, —1#]3l tricalcium phosphateg %7}k
A& o A= tricalcium phosphateE %713k oA ol o] B2 9] apatite’} FA
Fot o)W AFo] AHEH RelyX'V ZF zotolewm] AWEE H73s AWER 2572
g}shk-go] dojua A3yl o] FojRY. Fue A-9r] WHE o =2 fluoroaluminosilicate
glass$} polycaxboxylic acide] ¥Hg-alE= Ao ® XAF Z@ 2olo] Q-1 setting reactiono]
k. OE 3slv= polymer®] methacrylate group2} HEMA(2-hydroxylethylmethacrylate)e] =}
etz SENSolth AR Zd S-S0l Fd glo] o] wwol FTH FH
7} o}2} hybrid glass-ionomer A|WIEZ EFF o}

15% nano B — tricalcium phosphateE =@ 2~olo]l e AW EC FH7FlS w 28| 20}

olexm e EAISO 917S 7= AE &7 s 7123 4d, =

o

o=, Az,

Ad?) o] @43 RelyX Mzl WA HA ysith oRe e =9 B -

22



tricalcium phosphate’} S 2olo]lo x| AW ES 7]Z Alo|Z o] Eo{7IA HZ7} o}

Al al(Lucass, 2003) H9=7F Zopxl Aoz AAHH.

il

AEAIZEE Aol txaol visiA e At =, 15099172 kAt et 4

S IA "Hojd #e BRAT o]RAL HUME 15% nano B - tricalcium phosphateZ} & 2~o}

olewy] AMES 7

e

Wl A-9r] W AAAAA dehte @8 A 2

(Nicholson %, 1993). €3l %+= nano p — tricalcium phosphate®] =717} Z7] wj&ol o] 9]

ATl A UG hydroxy apatitesell o3 wh-g A ARG AspAZEe] ¥ Aojytial oA

GHAEE APTol O AANT FoE QAT AWTe FFAEI A Y& AL

AW ES] 73} ¥-3olA nano B — tricalcium phosphate oA W& Zgo] polyacrylic liquid

o #-8-3 A polyacrylate iong A, A3 ol AES 7] HZOoE AAXITH

o] &3 3 oM Tl WIA mHol ¥ =qtAsta AR WY &AF3

FFH9e 2o £4o] ol WA APTANE T4 4o dojd wAFF

F-217} nano B — tricalcium phosphate & HHAHA tZF R} w11 £HE RYTh

23



Tricalcium phosphates Fej2otol2xew A|FIE] 33k o AFPAA tho AMNES

<Al = A,

2, Tricalcium phosphateE 33t ool om ARMEE 4bo] o3 F2o #3st=
23] a8 94 598 BAFITh

3. 2143} tricalcium phosphate?] d+aFoll tjdk A7} H Q3o

4. Tricalcium phosphate 3= A A" 73} 9kgof ok A7 E Aol thgk A7 28

),

24



L A9Y, 422, 49d: Y 8 rpojaz ¢4sldy i 7SR A Ads a3

Hlnl o373 223 8k3] A, 30(3): 325-334, 2006.

2. Akinmade, A. O. and Nicholson, J. W.: Glass-ionomer cements as adhesive. Part I

Fundamental aspects and their clinical relevance. J Mater. Sci. Mater. Med 4: 93-101,

1993.

3. Anderson, P., Bollet-Quivogne, F. R., Dowker, S. E., and Elliott, J. C.: Demineralization
in enamel and hydroxyapatite aggregates at increasing ionic strength. Arch. Oral Biol

49(3): 199-207, 2004.

4. Arcis, R. W., Lopez-Macipe, A., Toledano, M., Osorio, E., Rodriguez-Clemente, R., Mutra,
J., Fanovich, M. A., and Pascual, C. D.: Mechanical properties of visible light-cured
resins reinforced with hydroxyapatite for dental restoration. Dent. Mater. 18: 49-57,

2002.

5. Bullard, R. H., Leinfelder, K. F., and Russell, C. M.: Effect of coefficient of thermal

expansion on microleakage. J Am. Dent. Assoc. 116: 871-874, 1998.

6. Domingo, C., Arcis, R. W., Lopez-Macipe, A., Osorio, R., Rodriguez-Clemente, R., Mutra,

J., Fanovich, M. A., and Toledano, M.: Dental composite reinforced with hydroxyapatite:

25



Mechanical behavior and absorption/elution characteristics. J Biomed. Mater. Res. 56(2):

297-305, 2001.

7. Erickson, R. L. and Glasspoole, E. A.: Bonding to tooth structure: a comparison of

glass-ionomer and composite-resin systems. J Esthet. Dent. 6: 227-244, 1994.

8. Gao, W. and Smales, R. J.: Fluoride release/uptake of conventional and resin-modified

glass ionomers, and compomers. J Dent. 29: 301-306, 2001.

9. Gu, Y. W, Yap, A. U. ], Cheang, P., and Khor, K. A.:. Effect of incorporation of

HA/ZrO, into glass ionomer cement (GIC). Biomaterials 26: 713-720, 2005.

10. Guggenberger, R., May, R., and Stefan, K. P.: New trends in glass-ionomer chemistry.

Biomaterials 19: 479-483, 1998.

11. Huang, M., Feng, J., Wang, J, Zhang, X, Li, Y., and Yan, Y. Synthesis and
characterization of nano-HA/PA66 composites. J Mater. Sci Mater. Med 14(7): 655-660,

2003.

12. Infeld, T., Birkheld, D., and Lingstrom, P.: Effect of urea in sugar-free chewing gums

on pH recovery in human dental plaque evaluated with three different methods. Caries

Res. 29: 172-180, 1995.

13. Itthagarun, A., King, N. M., Yiu, C.,, and Dawes, C.: The effect of chewing gums

26



14.

15.

16.

17.

18.

19.

containing calcium phosphates on the remineralization of artificial caries-like lesions in

situ. Caries Res. 39(3); 251-254, 2005.

Kawano, F., Kon, M., Kobayashi, M., and Miyai, K.: Reinforcement effect of short glass
on strength of fibers with CaO-Py0s-Si0O2-Al,O3 glass-ionomer cement. J Dent. 29(5):

377-380, 2001.

Leyhausen, G., Abtahi, M., Karbakhsch, M., Sapotnick, A., and Geurtsen, W.:

Biocompatibility of various light-curing and one conventional glass-ionomer cement.

Biomaterials 19: 559-564, 1998.

Lin, A., Mcintyre, N. S., and Davidson, R. D.: Studies on the adhesion of glass-ionomer

cements to dentin. J Dent Res. 71: 1836-1841, 1992.

Lucas, M. E., Kenji Arita, and Mizuho Nishino: Toughness, bonding and fluoride-

release properties of hydroxyapatite-added glass ionomer cement. Biomaterials 24:

3787-3794, 2003.

Mazzaoui, S. A., Burrow, M. F., Tyas, M. J., Dashper, S. G., Eakins, D., and Reynolds,

E. C.: Incorporation of Casein phosphopeptite-amorphous calcium phosphate into a

glass-ionomer cement. J Dent. Res. 82(11): 914-918, 2003.

Morra, M.: Acid-base properties of adhesive dental polymers. Dent. Mater. 9: 375-378,

1993.

27



20.

21.

22.

23.

24.

23.

26.

Mount, G. J.: Glass ionomers: a review of their current status. Oper. Dent. 24: 115-124,

1999.

Ngo, H., Mount, G. J., and Peters, MCRB.: A study of glass-ionomer cements and its
interface with enamel and dentin using a low temperature, high resolution scanning

electron microscope technique. Quintessence Int. 28: 63-69, 1997.

Nicholson, J. W., Hawkins, S. J., and Smith, J. E.: The incorporation of hydroxyapatite

into glass-polyalkenoate ( “glass-ionomer” ) cements: a preliminary study, 1993.

Nicholson, J. W.: Chemistry of glass-ionomer cements: a review. Biomaterials 19: 485-

494, 1998.

Pachuta, S. M. and Meiers, J. C.. Dentin surface treatment and glass ionomer

microleakage. Am. J. Dent. 8: 187-190, 1995.

Pickel, F. D. and Bilotti, A.: Effect of a chewing gum containing dicalcium

phosphate on salivary calcium and phosphate. Ala. J Med Sci. 2: 286-287, 1965.

Reynolds, E. C., Cai, F., Shen, P.,, and Walker, G. D.: Retention in plaque and

remineralization of enamel lesions by various forms of calcium in a mouthrinse or

sugar-free chewing gum. J Dent. Res. 82: 206-211, 2003.

28



27.

28.

29.

30.

31.

32.

33.

Saito, M., Marouka, A., Mori, T., Sugano, N., and Hino, K.: Experimental studies on a
new bioactive bone cement: hydroxyapatite composite resin. Biomaterials 15: 156-160,

1994.

Santos, C., Clarke, R. L., Braden, M., Guitian, F., and Davy, K. W.: Water absorption
characteristics of dental composites incorporating hydroxyapatite filler. Biomaterials

23(8): 1897-1904, 2002.

Santos, C., Luklinska, Z. B., Clarke, R. L., and Davy, K. W. M.: Hydroxyapatite as a
filler for dental composite materials: mechanical properties and in vitro bioactivity of

composites. J Mater. Sci. Mater. Med. 12: 565-573, 2001.

Shen, P., Cai, F., Nowicki, A., Vincent, J., and Reynolds, E. C.: Remineralization of
enamel subsurface lesions by sugar-free chewing gum containing casein

phosphopeptite-amorphous calcium phosphate. J Dent. Res. 80: 2066-2070, 2001.

Swartz, M. L., Phillips, R. W., and Clark, H. E.: Long-term F release from glass-

ionomer cements. J Dent. Res. 63: 158-160, 1984.

Titley, K. C., Smith, D. C., and Chernecky, R.: SEM observations of the reactions of

the components of a light-activated glass polyalkenoate (ionomer) cement on bovine

dentine. J Dent. 24: 411-416, 1996.

Wilson, A. D. and Kent, B. E.: A new translucent cement for dentistry. The glass

29



34.

35.

36.

37.

38.

ionomer cement. Br. Dent. J 132: 133-135, 1972.

Wilson, A. D. and McLean, J. W.: Glass-ionomer cement. Illinois:Quintessence Publishing

Co. Inc., 1998.

Wilson, A. D., Prosser, H. J, and Powis, D. M.: Mechanism of adhesion of

polyelectrolyte cements to hydroxyapatite. J Dent. Res. 62: 590-592, 1983.

Xu, H. H. K., Eichmiller, F. C., Antounucci, J. M., Schumacher, G. E., and Ives, L. K.
Dental resin composites containing ceramic whiskers and procured glass ionomer

particles. Dent. Mater. 16(5): 356-363, 2000.

Yoon, S. I, Lee, Y. K., Kim, Y. U, Kim, M. C., Kim, K. N., Kim, S. O., and Choi, H. J.:
The effects of hydroxyapatite on bonding strength between dental luting cement and

human teeth. Key Eng. Mater. 284-286: 953-956, 2005.

Yoshida, Y., Meerbeek, B. V., Nakayama, Y., Snauwaert, J., Hellemans, L., Lambrechts,

P., Vanherle, G., and Wakasa, K.: Evidence of chemical bonding at biomaterial-hard

tissue interfaces. J Dent. Res. 79(2): 709-714, 2000.

30



Abstract

The effect of nano—sized p — Tricalcium Phosphate on

demineralization in Glass ionomer Dental Luting Cement
Young Woo Hong

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Hyung Jun Choi, D.D.S., Ph.D.)

This study aimed to evaluate the anticariogenic and remineralization effects of the glass
ionomer dental luting cement containing nano-p-TCP in vitro. The B-Tricalcium Phosphate
(B-TCP) is the components of dental enamel and bone mineral as biological apatites. In
addition, B-TCP contains a significant amount of calcium and phosphate, which can
promote remineralization of enamel subsurface lesions in animal and human. RelyXTM glass
ionomer cement(3M/ESPE, USA) was used as dental luting cement. Film thickness, setting ti
me, and compressive strength was measured for each group of pure glass GIC, 15% nan
0-B-TCP GIC. Human molars were prepared in box-shaped cavities that were filled with
the GIC with and without the 15% nano-B-TCP were placed in 25ml of pH 5.0 acid buffer

for 4 days at 37C. After 4 days, longitudinal sections (100pm) were obtained through the
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center of each restoration. The sections were analyzed using a scanning electronic

microscope (SEM) and confocal laser scanning microscopy (CLSM) to identify the change in

the enamel surface. A significant difference in the CLSM images between pure GIC and

nano- B -TCP-GIC. CLSM allows the demineralized surface layers of sound enamel to be

visualized down to approximately 100 pym. The pure GIC specimens had a relatively thick

fluorescent layer. On the other hand, the fluorescent layer of the nano- g -TCP-GIC

specimens were thinner. The SEM images of micro surfaces demonstrate that nano-p-TCP-

GIC is less rough than pure GIC. Therefore, the addition of nano- B -TCP enhanced

protection against acid demineralization and promoted remineralization of enamel surface.

Keywords: Glass ionomer cement, RB-TCP, Demineralization, Anticariogenic effect,

Remineralization
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