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3 g GI cement® alumino-fluoro o]#-& GI cemente] A HEE& dAv]E

-silicate glass¥® ¥ % 2(47]), 2 4o 24 AL 3o AEEES vla
polyelectrolyte® 4a] 2 (4) Ap&sted Ab-od 4% A% dae AAL Agdrlel nushe
7] dbgel g A3rb dojuh= FAH R ufo] c},
7384 mlekdt L AW, E49E 9 AA
ool Hae] &g F9A A0, Ao II. d8f=z o Uy
Felgera A0, An|d 4 o xLent
S, F|oko} FALRE A PA 2052 %L%‘J ) 48 M=
o2 Q& FAHE, AEE, AdIdTFAN
o] 44 (liner and base) o2 74]_,]?2}—‘,_—0}:0]] -] dzzeze A7tEEY 484 GI cement
chokalA| Al&s) 3 9lch, ol GC Fuji II(G-Ciit, Japan)&, A¥F+o2
a2y oldE Ae Ax w 5" A, = + GC Fuji 119 23} M43 A F o] 715
L vz o Aekog Aul GI cemente g o]3-& Vitrabond(3Mijit, Germany)$] oY
e A e Bl 8 ASE gled AE AHERew (R 1), HAdFE A A
71 % Axe] dE wfg utsiez by 48 Hote A W AFAFo R qls) LA
FH Aol 3 EA4e] A%sE o] gl H ATH 602 F9EY £4] gl A&
o, ololl 80deHEtEE FRAES Hrete o] &3t
FFA3E p5ATe N HB8A7Y EE
W 2L Zol3A sl gxle] W dEx 2) A uy
T 9 2o FHH 4% ZASE o)
A== Aot a5t o|Aga xddF Nz FAuE S 2,212 dlod 1
AAGollnt A&t 910 ool 944 FAH Lo gtk 742 38k ¥ (NL-200TP,  Shimad-
AL FhelE 929 Zo] ALslEde zu, Japan) o ZA3 F opuzt capsuledi
obx] olof WHgt A7} BAl dm 159 B4 Yol 827 ¥ AGEL 77| FHv
Soll el deixl uiz "L AA oo} 2.5:1, 3.0:1, 3.5:1% A4 1F (|3} 1¥
ole] & Azte FAH-E GI cement?] 7143 o2 oFd), AY 2 (]38} 2722 o3, A
AFEEE olF7 Hd ANFHY AL # 37 (o3} 3702 ks o dle thxFH}
GI cement®] F2AE2 M3 F o] 75 e wylez 8xz E¥Y ue FYUI
E1. A4y A5
=z A B oo ] A * Az 3] A Batch.No.
=z powder* 2.2:1 GC Fijill G-C P : 221282
liquid** L : 121001
Ad 1+ powder* 2.5:1 GC Fijill G-C P 221282
liquid*** Vitrabond 3M L :7512
Ad 2+ powder* 3.0:1 GC Fijill G-C P: 221282
liquid*** Vitrabond 3M L 7512
Ay 3T powder* 3.5:1 GC Fijill G-C P 221282
liquid*** Vitrabond 3M L : 7512

*

. Zinc alumino-fluoro-silicate glass(100%), trace of Iron oxide, Titanium oxide

** [ distilled water 60%, polyarylic acid 409%

“aqueous solution of a polyacrylic acid copolymer containing pendant methacrylate groups
together with less than 10% of HEMA and camphorquinone etc.

308



(Yamaura seisakusho Ltd., Japan)® 3=
oko] olzfel e AYPE Algsigon 7 A
H 7 3= Paired t-Test, ANOVAS] Scheffe
F-test, Fisher PLSD% o] &3t} folA-&
AAsA ok ks A7 Fol AgE o
AlFAzA = FSE z2a0 sbsd
TRIAD 1II (Dentsply, U.S.A.)% 3lgiod
| o}E o] &3 WalrZ AFo|Aul Visilux™
2(3M, Germany)& AH&3}91t}.

A) ==

Biostar (SCHEU-DENTAL, Germany) %
ol-g3ked W7 6.0+0.1mm, %ol 12.0+0.1
mm®] WFH7L b wrFYE A o
o 7t AEE B3 FSIE o3l A
5 vinyls#t Sefel=frelz Wol ok s)st
of 2L EFAALEH 587 A A7
FF7F 220 petri dishel Wi 37°Cwlj ok~
of 147 W 3FFel Rusigm *a]ﬁéi‘—?:
TRIAD I 7HAl Al 2AL7] Wil A E8hA) 2R

=T

9|

_u_,

=

= [¢]
AE (sandpaper) & BHE 5 wiE F ubsA
7] (MTS 810, MTS system corporation,
U.S.A)E o]&3te] £F% 1000kg, cross
~head4-= 1.0mm/min. 22 ZAgsigx st
e AZAF Fol& Zaste] SEM(ISI-SS
130, Akashi, Japan)°. % ZZs}eich.

B) =} lA

Biostar®2 & 4.0mm(W) X574 4.0mm
(B) x A o] 45.0mme| =) Fef A5
3N Az, hE kel e Wby
ot Bagt & ofFo] §4 0.4mm, %] (a)
1.5mm& VA A=S-E micro-cutter® £
3lo SEN (single-edge notch)@o2 & A4k
o (28 1), 2sAlE71E ol $39 cross
-head4-% 0.5mm/min., span#A 2l (L) 40mm
2 3A F3 A Eye A]%E'é].gig_tq )3 9] A
2 (Kic) & o3t 22 $40 973k 4k
3k

e IW D

A A
k L S 45 )
p/2 P/2

32! 1. Single edge notch 23 %

3PL
2BW?

= — a Aya_ a
Y=1.96 2‘75(W)+13'66(W)2 2?>.98(VV)3

KIC:Y

va

Ay
+25.22(3)
Y : function of a/w
P : peak load of failure (N)

C) FAAAg w74

W7 20mm, ¥l lmme Z45FA A
7l whog Azt g 37°C wfodrlo] 159 B
Ba T 2447 7AZA17] t}& diamond paste
=2 u]xﬂ odwtsled 0.2% <l4H(H,PO,) 22 10%
Eol AR AAAG, o]F  Fo|&  coater
(Eiko, IB-3, Japan)& AF&-3te] Fo|&
A o FARAREE A (ISI-SS 130,
Akashi, Japan) 2.2 3,0008) & ZAele] FA}
AAEe]| GAS At =g w9
apolg Aastr] Y& 2T FANFE A3
T3 7ol 2501, 3.0:1, 3.5:1& 3o w
o

) r_?l‘,

D) X-ray 347

SEMAlH A& Azt o ¥3js Z7be) oy
cement-$ mortar$} pestles o] &3te] m|AlE
w3k A17] o2 sample holderel] oA 4.& &
H&stA sted 30KV,
20mA, scanning speed : 3°/min., scanning
angle(26) : 10°-70°% X-ray diffractometer
(PW1710, Phillip, Holland)% °}-&3te] 24
A peaks HA4FFHom AAsfEE HFE

=

cover glass® ¥9&



E) +84 4% 2%

polypropylenex] 2 2 %

5 60°C dry ovendl] 47417} 7Ax4)7] & A=
71 A 1417kt AZAA FA(m,) S &3
ot A" &I)1E Az & Aol 23

7z AgE EFsted W7 20mm, ¥°] Imme
split stainless steel 3o (F4 (m,) S &3
52 waxed floss silk® FEWZ 10mmA
= AAIA) Aoz A o F38 o
+ 37TCei 7ol EFAIAEH 147747 v
& F &7lel o] FAZA (my) & .
°|F 10ml®] FF4F &7l o] floss
silkE 71 A F4E "o AHAL AIAG
Aejoll A A7) Wby o 2 2347}, 3FFQ Ba
S om (ZFE AlHo] frlo ZALEE H
ztih) AZAAF Lr)eA AHE AR
60°C dry ovenol 48 o A2 47X =
A7l g AzZ|A 1A7EeE AzA|A
FA (m) & EA43A. 4 79 44K 4
HE AFsgen &9 FAZF%

& A1

71 flsf Wz w8712 19 o 3FE<
[e]
=

o Hr 3R mt b

m, . wt. of floss silk
m, . wt. of desiccated bottle before test
m; . wt. of bottle, specimen and floss silk
m, . wt. of desiccated bottle after test
m; . increased wt. of empty bottle

F) ¥d &=

7z R iEAdAdTE, AotAwdE, e
A g Aoba/motAwdE) 20004 F 60719
ATAE AHEstden 24 s 5709 Ho}
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A<&L bur2 ulFElste] 4 A&A71
2 24 A5E AA3] E3, mylar stripe
o] &3 qfutEA-E APt EFAF 5EFol
#4797 petri disholl o) 37°Cuvll 37|l
2l oh. old AYEE Visilux™2& 1%
ot FFHA AT, 244 3 HF A RS A A}
I tapes wojyl ©}2 thermocycling unit-g
o] &3] 0°Ce} 55°Colld 77| 184 1003]-F
£ F % 2% methylene buled

| 03] AV =5 egdo}
A2 37°Cul k7ol 244 7F Baslch,
AxE gl A ol
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g - AFo R il 7+
Ag3d o) 74(SD-1

=1
=
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_——

B
2).
G) 3Hzx
W7 12mm, ¥o] 10mme UEF F7o]
PFAH FE5FHol LAE v E o -8

mmE AHE A= A AgAz T A
Foll Zzte] AsE EPsled FAZ ol £
gto] =29 100gme] 3tFo2 EFA|ZHH
5E7A FHAZ F AAsNA FHR5F EA
Q& petri disholl o] 37°Col wj<krlol] 244
7F 2pslgch olwl AYFEL 115 FAFE
Foid AHE JFAFEE T F veA
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B2 Aadrs m. 4% M3

0: MxA5 A gle A

1A%} sbgsde 9% 120 FAsE A) & =

v 147} o 3533 AdeA nF A 170]

2: Azs} sbEEue) W& 12704 =weht st

%9 AAol v Lot Ax 7 dekes 2T, 2%, 3TELE wE
o) g d | vy ~ °FT— 0—+—
3

3: AE2 293 (R 3), 1XE APHE o
27 9 27 vlE) 1¢o] FAAE A 3
EE, 370 B2 AEE 3o 1+ ¥ 37
of dalAE B e Fo] FAel A
(£ 4). 23 3533 AdoAE 370 A8
Auk =27 9 170 FAAHdE 22 A=E
RYI(F 5), AZAF vt 2e A¥L
st =7l FAAUA Frtetd e e
Ao vl AA Frlstd ot Hipr 2A
viebh o) Aol sileH(E 6). =3 =T
et & vubS Bdgixte] shA o] gle vl
e FAow we FAdE Bgon AT
ghehel & nuk-S Bakgizle] A s tEe] A

A, TOKYO SEIMITSU, Japan)% A}-&3}o] AL okatoz ol vle Fdeo] FA
chart% % (3mm/sec.), tracing%=(0.06mm/ Elyto} (2 3-6).
sec.) Z 4378 2mm, 9§ Ivhz 3

2E2EFAF FAA 3F ARV (R)E AES B) 3 <l4
Heoem mE EFAHL 7)FAH (Rpax - 1.5um, Az L] FAZ st A 172 H
Ry 1 0.45um)= ol gt FHz=ZA47E Tkl Aol ond 2P 0.32, 222 1.
FdAx=AF A3
B4 IAGF 74 79 794 A
E 3. ¢=7% (MPa) 2t | AYlT| A¥eT| AY3TE
1417k 3T eSS 15.30* | 1.92 | 11.91*
2Bt '100.2+7.3 | 124.5+25.0 AR 17| 15.30* 28.06* | 54.19*
Ad1¥ 79.3+5.4 118.7+ 5.0 Ao 1.92 | 28.06* 4.26*
AY 2+ 107.6+3.4 | 138.8+ 7.5 AY 3| 11.91* | 54.19* | 4.26*
AP 3T 118.6+1.2 | 152.9+ 8.7 Scheffe F-test *significant at 95%

° Mean
et | AYlE| Added| 4"3e difference | Scheffe F-test
o 2 0.14 0.87 3.46* L2y 24.3 4.359
AY1+| 0.14 1.73 | 5.01* AflT 39.4 151.868*
Ag23| 0.87 1.73 0.86 Ay 2T 31.2 71.024*
Ag3F| 3.46* 5.01* 0.86 A 3E 34.3 75.667*
Scheffe F-test *significant at 95% *significant at 95%
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B 1. 939 A4 Ke) B8 74 +7 f94 AA
Kic (MPa.m'?) i & Ag2FE | A3+
EESS 0.32+0.02 o 85.05* 21.78*
A2 ¥ 1.15+0.02 AY 27 | 85.05* 20.75*
AY 37 0.75+0.11 Ag3FE | 21.78° 20.75*
Scheffe F-test *significant at 95%
B9 584 A weF (% wt/wt)
1 3% B 10, 19% 2 779 felA AA
ZF | 0.131+0.025 0.2820.025 HET | AYIT) 27| 4¥8T
AQ1F | 0.077%0.020 0.285+0.015 H=T 3.57* | 1.49 9.40
AY2F | 0.096+0.018 0.207+0.028 Ad1+ 3.57 0.45 | 1.40
A¥3F | 0.043£0.029 0.1480.012 A¥2F| 149 | 0.4 3.40
A 3| 9.40* 1.40 3.40
E 1. 3%3% 72 7749 94 AA Scheffe F-test *significant at 95%
27 | AY1E| A2 AE3T
z2F 0.02 8.57* | 26.98* GC Fuji 119 ¥4 5 7 & =25 A4
AF1E| 0.02 9.40* | 28.43* 27b2F peakst BAHo] §lol 267t oF 10°
AY2F| 8.57 | 9.40° 5.14° :‘iii ;_‘;ioo U}])eik:fﬂ*f:] j{:f ?J;]E:ji
AR 37| 26.98% | 28.43* | 5.14* e AT e =
£3H4] intensity?] 271 dofytm 53] J4]
Scheffe F-test *significant at 95% JAZFEe A intensitye] Lo TEol

15, 3¥< 0.75 MPa.m™2.(¥ 7) W&7o]
wlel 2E A7l F940) 9 kA 4
A% vgon 22 ANFAF LY 27
o] 3ol wla) s o] HTH(E §).

C) FAAAE A4

A 25 g 229 alie 2RUR
Eo°] silica gel “halo™l E={#lAl polysalt
Aol B Y& Ao ehon
Agzol ETol B3 ols ¥
=7 % st 28
A 2. 9 gEdRAAL v
A9 AARSE Aol A
oA b3 ol BA=
Foll= =g e F
GC Fuji HelH © A3HA
7-13).

D) X-ray A4
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C) A3 2 D)4d 3¢
a2 14, X-ray 3124
A) XRD image of control group
B) XRD image of experimental No. 1 group
C) XRD image of experimental No, 2 group
D) XRD image of experimental No. 3 group

70 1 —— GC Fuji II powder
............ EHZEI—LL

—— HE 12
e ME 27
Ay 32
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w

i

= 30 )

RN VASC - N .
0 e LTSS
10+

23 15. GC Fuji II powder ¥ Z+#¢ XRD image 3 %.
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B 17, H43AHA79 Paired t-Test E 18, Ao 72 Paired t-Test
Mean Paired Prob. Mean Paired Prob.
difference | t value (2 tail) difference | t value (2 tail)

2 B 0.2 0.48 0.6424 1=/ 0.4 1.809 0.1039
Ag1e 0.3 1.406 0.1934 Ag1E 0.6 1.406 0.1934
Ag 2 0.4 1.809 0.1039 Ad 2+ 0.7 1.769 0.1108
Af 3T 0.1 0.429 0.6783 Ay 3T 0.5 1.464 0.1773

*significant at P< 0.05 *significant at P< 0.05

B 1S 33d o Aoba/dopdddTe Paired H 20. Fisher PLSD ##4 ¥ Fej4del glv T2
t-Test 9 g
Mean Paired Prob. Ho Mean Fisher
difference | t value (2 tail) He difference| PLSD
2 0.8 2.228 0.0528* HET Vs .
- 1l waez| 07 0.61
AY1E 0.9 2.377 0.0414* Hee 2w
4427 | 08 2.228 | 0.0528% qdT BT Vs e | e
493z |
AY 3T 1.3 3.881 0.0037*
. Wkl ol Abold [t 2T vs .
*significant at P< 0.05 /ot WoAF | AY1E 0.65 0.61
*significant at 95%
E 2. FAA 31A327 (Ra)
Rq (um) E 2. % 239 %4 A3
e 0.43+0.22 qz2FE | AQlE| A¥2E| AT
ARl 0.11£0.02 s 12.11* | 11.86* | 9.85
fH2F 0.12+0.02 A8 1% 12,110 1.33E-3] 0.12
23T 0.14:£0.04 A% 2| 11.86° | 1.33E-3 0.09
A¥3F| 9.85* | 0.12 0.09
G) Ewzx Scheffe F-test *significant at 95%
27 0.43, AFFE 0.11-0.14pme = 1
pmo|3te] Helgt 2x £ dgu(X 21, 29 cementS usto s Ao A AFE
16), W&ol vlg] EE AT FoXdE A5Astg o Wilsons2e AH2F glassH
AL FAE HPot AFF7dE FA3) 23} poly(acrylic) acidE °l&, glass
= xpol7t AR TH(E 22). ionomer cementZ uhEe] EuA4Ee] 2
A AAREe AA AAzY A¥HE
Iv. &2 3 2ot Az wl 9lch,

A cementd FA
AL AEs)

polyacrylic

< o] &3}
I
acids  AR&3}e
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71 Al Zdzx

Rmax  1.5x¢m
Rg_ : 045#1’1’1
1Div : 0.1xm

Hol wek A3 Tk i @A g o=

8l7] 98 Crlsp':“)° acrylic acid®} itaconic A S %
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il
.

hl
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i :!' i ; s

i
il

714 2+ McKinney$'V¢] vinyl
7beted gtd gl mlmE Zo|zd

I
|
!
i
i

AY 279 3uz= *'“‘43‘7‘94 ud

a8 6. /1% A9 Y A2 EREE

U-L-/ :10

acid®] FHAE  ALI}rE  stgod u} 9lch.
Tezuka°27’ Suzuki®¥ dicarboxylic == 2y oA gde] 44 Hv Az %— ]
tricarboxylic acid& 7 A-83le] B4 2t debrh o pw Aszsle] $7 % A
AL A= s, Zo) BlAslte J5o= old AL —rM] A

H Schmidt$29& J4te 2 glass¥2He) =} &5 P glov 59 ZZMH A AA
e calciumyYAEE vlg AAZGo A A sHE we} FAo] H92 £ glo] o
TEele S Foly stgden HormA 23 gt 5o 52 96 7?*]4/‘4 F3d ol
9] polyalkenoic acid®] FA-E¢ ®.2s}r] &) =943 ZAe 2 Antonucci®= HEMAS} 72
Wilsons”, McLean®2 ARgolg E747 %4 SFAE eEE/ AT g AR Holsld &
7 el Ao En nEAY 9 e 4 (hybrid) £4 & stEo] o|9Aa F&L 7t
ARGAALES sbsA & wp 9nh. =d Gl A Ao ol A FAFF el o4
cemento| 714 Ex {F712L Ml & Aol Qe AHEL Aol o ¥ resin
Ae FAFEE AxE Ydsd scedSNS of thdk A o] FolAde A} AxZEr)
ol 2-F4 AFE Hristd FF (flexur- Thol N AF, o] HF S, =2
a) Z4=9 715 238} 9lon Simmons® 5o FeElstde A, pHY F4% A<, 2o
© obEAELE, McLeanE"e  ceramic A7k F7b 5l 37k a2 o Abg

oated silver particles, @ilo5'92 Abstgt2  dedl ol o|v] o wxE82-IG| g

o]

o 3
<3 (stress) &

-co
ulgS Ase ul 9glon olgite & 24 =3
oll Tay5°92 sintering® 3 &x}5
o]

37 dEolza

3 7|E9 s BAFIY
of ta AdelA vz, &H CrollP®e
t4d ol2{dt /MIFAFTHY o|AE GI cementd

{0

ol
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Aol 27t
ul 9leh,
o]x& Alm|Ad F4-& GI cementol= 7HA]
FAFEY ol ALstsw YA X3 F9] A
ol Flel] £AF wF glovt o5 EA
el LA uprl Hel FHAIFAFT T o
oA whgg shetslr] fEl B AdAA
7128 A71533 GC Fuji [TE43) 714
}3 o]A-2& GI cement¢l Vitrabonde]
st} E2lH A5k o}
23 HA4e Ad sAEE AR
235 Fol7l A ot
capsuled o]&3slod ZAFH oz AFY3IY o
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EXPLANATION OF FIGURES

SEM view of the fracture surface of control group (orig. mag.x 1000)
SEM view of the fracture surface of experimental No. 1 group (orig. mag.x 1000)

. SEM view of the fracture surface of experimental No. 2 group (orig. mag.x 1000)
. SEM view of the fracture surface of experimental No. 3 group (orig. mag x 1000)
- SEM view of the etched surface of control group (orig. mag.x 3000)

. SEM view of the etched surface of experimental No. 1 group (orig. mag.x 3000)

. SEM view of the etched surface of experimental No. 2 group (orig. mag.x 3000)

. SEM view of the etched surface of experimental No. 3 group (orig. mag.x 3000)

. SEM view of the etched surface of GC Fuji I (2.5:1 P/L ratio, orig. mag.x 3000)
12.

13.

SEM view of the etched surface of GC Fuji I1 (3.0:1 P/L ratio, orig. mag.x 3000)
SEM view of the etched surface of GC FujiIl (3.5: 1 P/L ratio, orig. mag.x 3000)
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— Abstract—

A STUDY ON THE PHYSICAL PROPERTIES OF GLASS IONOMER
CEMENT FOR RESTORATIVE FILLING USING VISIBLE
LIGHT POLYMERIZATION

Dong - Hoon Shin, D.D.S., M. S. D., Hyuk - Choon Kwon, D.D.S., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Wonkwang University

The aim of this study was to investigate the physical properties of visible light curing Glass
Ionomer cement for restorative esthetic filling.

The control group was the autopolymerizing GC Fuji II Glass Ionomer cement (2.2:1 P/L
ratio) and the experimental groups were made by following procedure. To induce the polymeri-
zation by visible light, the powder of GC Fuji II GI cement and the liquid of Vitrabond for base
& liner were mixed in an amalgam capsule with 2.5: 1,3.0:1, 3.5:1 P/L ratio (% wt/wt).

After fabrication of specimens, compressive strength, fracture toughness (K ), Scanning
Electron Microscope and X-ray Diffraction, water-leachable content, marginal leakage and surface

roughness were studied.

The results were as follows:

1. Only experimental No. 1 group (visible light curing) showed less compressive strength than
control group 1 hour after curing. Strength was increased with aging in all groups, so the
compressive strength of light curing groups was no less than that of autopolymerizing group
after 3 weeks.

2. Experimental No. 3 group (visible light curing) was inferior to No. 2 group (visible light cur-
ing) in fracture resistance but light curing groups were more resistant to fracture than auto-
polymerizing group and showed ductile fracture pattern as compared with the brittle frac-
ture pattern of autopolymerizing group.

3. From scanning electron microscopic image, various sized unreacted powder particles, sur-
rounded by silica gel, were embedded in polysalt matrix. Light curing groups showed little
crack and more dense unreacted particles than autopolymerizing group.

4. From X-ray diffraction analysis, GC Fuji II Glass Ionomer cement powder and all groups
showed glassy appearance but light curing groups seemed to be more intensive in crystaline
than autopolymerizing group.

5. The most significant dissolution was shown in early setting period in all group. Light curing
groups were dissolved less than autopolymerizing group.
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Marginal leakage was not different significantly in case of cavity margin composed of same
tooth structure (ex. only enamel margin, only dentin margin) but much more leakage was
shown in dentin/cementum margin than enamel margin. In only case of only enamel margin,
light curing groups were superior to autopolymerizing group.

All groups showed relatively smooth surface, which irregularity was less than 1 um. Light
curing groups were smoother than autopolymerizing group.





