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— ABSTRACT

THE MICROHARDNESS AND THE DEGREE OF CONVERSION OF LIGHT
CURED COMPOSITE RESIN AND DUAL CURED RESIN CEMENTS
UNDER PORCELAIN INLAY

Seung-Soo Kim, D.D.S., M.S.D., Sung-Sik Cho, D.D.S., M.S.D., Ph.D., Chung-Moon Um, D.D.S., M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Seoul National University

Resin cements are used for cementing indirect esthetic restorations such as resin or porcelain inlays.
Because of its limitations in curing of purely light cured resin cements due to attenuation of the curing light
by intervening materials, dual cured resin cements are recommended for cementing restorations.

The physical properties of resin cements are greatly influenced by the extent to which a resin cures and
the degree of cure is an important factor in the success of the inlay.

The purpose of this study was to evaluate the influence of porcelain thickness and exposure time on the
polymerization of resin cements by measuring the microhardness and the degree of conversion, to investi-
gate the nature of the correlation between two methods mentioned above, and to determine the exposure
time needed to harden resin cements through various thickness of porcelain.

The degree of resin cure was evaluated by the measurements of microhardness (Vickers Hardness
Number(VHN)) and degree of conversion(DC), as determined by Fourier Transform Infrared
Spectroscopy (FTIR) on one light cured composite resin (Z-100(Z)) and three dual cured resin cements
(Duo cement(D), 3M Resin cement(R), and Dual cement(DA)) which were cured under porcelain discs
thickness of Omm, 1mm, 2mm, 3mm with light exposure time of 40sec, 80sec, 120sec, and regression
analysis was performed to determine the correlation between VHN and DC. In addition, to determine the
exposure time needed to harden resin cements under various thickness of porcelain discs, the changes of
the intensity of light attenuated by 1mm, 2mm, and 3mm thickness of porcelain discs were measured using
the curing radiometer.

The results were obtained as follows ; }

1. The values of microhardness and the degree of conversion of resin cements without intervening porcelain
discs were 31~109VHN and 51~63%, respectively. In the microhardness Z was the highest, followed by
R, D, DA. In the degree of conversion, D and DA was significantly greater than Z and R(p<0.05).

2. The microhardness and the degree of conversion of the resin cements decreased with increasing thick-
ness of porcelain discs, and increased with increasing exposure time. D and R showed great variation
with inlay thickness and exposure time, whereas, DA showed a little variation.
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3. The intensity of light through 1mm, 2mm, and 3mm porcelain inlays decreased by 0.43, 0.25, and 0.14
times compared to direct illumination, and the respective needed exposure times are 53 sec, 70 sec, and
93 sec. In D and R, 40 sec of light irradiation through 2mm porcelain disc and 80 sec of light irradiation
through 3mm porcelain disc were not enough to complete curing .

4. The microhardness and the degree of conversion of the resin cements showed a positive correlationship(R
= (.791~ 0.965) in the order of R, D, Z, DA. As the thickness of porcelain discs increased, the decreas-
ing pattern of microhardness was different from that of the degree of conversion, however.

Key Word : Porcelain inlay, Light cured composite resin, Dual cured composite resin cement,

Microhardness, degree of conversion
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Table 1. Composite Resin Cements used in the study

FZANZEE 402, 80%, 12028 galste] FFFAZ
T AHAEE A ) Yl AlHE 308 He
of Wo| B3}x] g X HAZ T nAHEZH7
(Shimadzu Micro-Hardness Tester HMV-2000,
Shimadzu Co., Japan)& %8} 25g% 10%37t 7}ls}e]
Vicker s Hardness Number(VHN)E &% 2oH, ©o|&
NE2TOZ AN Z47te] HRAUMES} AT
thall 370e] Al & A 2tste] A}t

2) 1mm, 2mm, 3mm 379 EARE 53 BEYY
HAANES BAAE 27

B2 EASEE0) GANMES) BAES v)3E
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X
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Bomem Inc.) 2 &4 o]54%S S48t Ao §
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processordl]l ¢l8] absorbance specttumg A3t o],
AFE gl vehdA o o) F S3A g4 o3

- Brand Name " Code _ Batch No. Curing Method Producer -
Z-100 Z 19971103 Light-cured 3M Dental Co. U.S.A.

Duo Cement D 19970609 Dual-cured Coltene, Alstattern, Switzerland
3M Scotchbond R FG383 Dual-cured 3M Dental Co. U.S.A.,
Resin Cement

Dual Cement DA 814772 Dual-cured Vivadent, Schaan, Liechtenstein
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FEE g 7H4 glo] 40%, 8072 12027t FZARE
HRAAES MAZR(V. H. N)E 729 4% 104.67,
107.67, 109.33, D2} 7% 47.07, 46 20, 48.00, RS} 4
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Table 2. Vicker' s Hardness Number(VHN) of resin cements without intervening porcelain inlay according to
exposure time

Materials 40 sec 80sec - - 20sec . -
Z 104.67 £ 1.15 107.67 + 2.52 109.33 + 1.53
D 47.07 £ 2.71 46.20 = 1.04 48.00 + 1.85
R 60.03 £ 1.16 68.13 = 1.06 65.67 + 2.55
DA 31.17 £ 0.90 3243 + 1.16 34.87 + 1.89

Duo cement
120 110
110 & 11 B
100 r- " go U O
20 80 |-- --| —*—40sec.
Z 80 - Z 70 b... | —®—80sec.
T T
> 70 F oot o . > | —#—120sec. | .
6o | . | —e—40sec. 60 -
50 |- -- —a—80sec. |
—&— 120 sec.
40 f----
30 b - - SR
20 : . 20 - *
0 1 2 3 0 1 2 3
Porcelain thickness(mm) Porcelain thickness(mm)
3M Resin cement Dual cement
110 | : 110
100 f-- - - e e 100 f---oe oo e
90 f--- -- ——40sec. |----- 90 F------ s e e e
—&— 80sec.
Z 80 [ oo T = 80 [ —~—40sec. | -----
T i 120sec. T 4l 880 sec
> = ——120 sec
: 80 f---- Fem————
5O b-- e e e e
ok - e e e
30 %ﬂ
20 ' :
0 1 2 3 0 1 2 3
Porcelain thickness(mm) Porcelain thickness(mm)

Fig. 1. Vicker s Hardness Number of resin cements according to porcelain thickness and exposure time
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A g Aolg B0 (p(0.05), thET(47.07)3
Imme] F4< Fad MAE%(39.40) = e Aol &
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Bz A9 802U 12027 F2AG A7} njA 7
&9 zolE B 2mme] 75 THe 75 DolA 402
1t F2A rAAE(33.37)F 80%(41.30)% 120%
(42,9717 B2AG vl AT B3] FodtA w3
(p€0.05), 3mm¢] $74-& T334 Dol 4027t 2
AFgE WA A E(31.03) 8 12027 FxAME nAA R
(40.50) 2t} FoshA Fk(p(0.05), RAA 4057+ 3
ZAR AR E(33.97)E 802(51.00)9 120%(50.43)
b FzAR v AE R R o8t A RSEtH(p<0.05).

AAEZ BlAAE Aol glole £ 2AM| ]

Ve 5 AR

lo

i«

2

2. 5818
529 o350 AANAES 139 50 ¥
A o3kl MAAES 53 A9 BLD 223t

A BEYA7 B5LF BRAAY spectrum Fo) A%
@ Ppoz 238 TG 238 3989 9
FFHAE Table 4, Table 59 23, Fig, 3, Fig, 4

1) A% =ARglo] A4 B33 HAANES] 7
E(WZF, Table 4, Fig. 4)

B o3 7Hgle] 40%, 80%, 120327 F2AMG
AAANANES] FIE (%)L 29 A% 50.70, 53.45,
55.70, D} 7% 58.95, 60.40, 63.30, R A% 51.10,
52.45, 55.40, 28] DAS) 7% 59.40, 58.30, 60.35
Z, DAE A9% RE AWEE AR F71d) ula}
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Table 3. Vicker' s Hardness Number(VHN) of resin cements through porcelain inlay according to exposure
time and porcelain thickness

. -lmm 2mm - - -3mm -
Materia — " S —— - et
- © 40sec - 80se¢c 120sec - = 40sec  80sec 120sec .40sec - 80sec
7 9487 102.77  98.93 9347 97.60 97.80 86.03 91.13 90.30
+1.15 +£3.36 +1.29 +1.76 +242 +1.87 +3.07 +£150 +4.74
D 39.40 4500  44.90 33.37 41.30 4297 31.03 36.70 40.50
+243 +£361 +1.37 +096 +1.42 +2.78 +1.12 +£166 +1.30
R 51.83 57.10  59.80 4780  52.80 53.70 33.97 51.00 50.43
+129 +139 +544 +2.36 +069 +£156 +2.10 £226 +1.04
DA 29.00 30.53 32.40 28.23  28.40 29.47 27.00 25.97 27.43
+062 +067 £1091 +£098 +£0.70 £140 +087  +£091  *1.07
Omm Porcelain thickness Tmm Porcelain thickness
120 120
100 100 -
M
80 -REIDAL go || [(JZEDEREDA
=z
T 60
>
40
20
0 |
40sec. 80sec. 120sec. AQsec. 80sec. 120s6c.
Exposure time Exposure time
2mm Porcelain thickness 20 3mm Porcelain thickness
120
100 —_ _ 100
80 80 —T
Z
I 60
>
40 H
20 H
o U )
40sec. 80sec. 120sec. 40sec. 80sac. 120sec.
Exposure time Exposure time
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Fig. 2. Comparison of V.H.N. of resin cements according to porcelain thickness and exposure time
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Table 4. Degree of Conversion(%) of resin cements without intervening porcelain inlay according to expo-
sure time

Z 50.70 £ 0.28 53.45 = 0.49 55.70 £ 0.71
D 58.95 + 0.35 60.40 £ 3.11 63.30 = 1.70
R 51.10 £ 1.84 52.45 + 0.49 5540 £ 0.14
DA 59.40 + 0.28 58.30 £ 1.41 60.35 £ 1.63

Table 5. Degree of Conversion(%) of resin cements through porcelain inlay according to exposure time and
porcelain thickness

4875 54920 5320 4720 5050 51.45 4500 4720 5105

2 +1.06 +0.57 +0.42 +0.28 +0.57 +0.92 +0.99 +1.98 +2.48

D 54.00 55.40 54.55 46.50 46.25 51.30 36.60 40.35 48.20

+2.69 +2.26 +1.77 +2.12 +1.77 +0.14 +2.55 +0.21 +2.25

R 47.00 48.80 51.60 44.05 46.35 47.65 32.50 42.70 44.10

+2.26 +0.99 +1.70 +1.63 +1.63 +1.06 +0.00 +3.39 +2.83

DA 59.15 58.90 59.00 54.90 53.90 59.25 48.65 51.20 55.15

+0.07 +1.41 +0.57 +0.42 +0.14 +0.64 +1.48 +1.13 +1.34

Aol BT}, 40279} 8027 B2AM] Imme] 4L £
e A4E vEe] vlal Sut ALE Hol ol 37

Z8go] 271813, BE ZA| A D9 DAE Z9 R

Bt} 58 F8ES 29 D9 DAY HlmoME 120%
b B2AVE A LB AY sl ZAMA T WE §23 Zo
7} LA (p0.05), 3 79} RY HlmAME BE A
A ZFA F2 3 Aol 7E fIATh(p>0.05). 4027t FRALG
79 RY $HEL ZE 2AMIZE] D9} DAY FHEET
Hol3MAl Wt (p(0.05), 12037t #2AG Do) £3E
& 79} R BE FHERT fodhA E3kem (p<0.05),
8027t F2AME A% D RET 931 Be F85S

B3] (p(0.05).

2) EAQAElE B8 F5TT AMNNESY FHE
(Table 5, Fig. 3-8)

YAAHES] 32 Fo] S+ Y#ole] £l
ZVEFE FaEN T, 2ARIT] F78HE $718k L
U, 79 Fe =AY 37, A, 283 A8
wg} xfo] & BTt

a. LA FZAM|ZIOA clejo|FHo| wE FEES
]2 (Fig. 3)

EE AR YT 2ARITA dFold F40] $718t
W Z3HEe] Hrsiou, HAaYde F4 AR o

o] 3718 5 7Ahe] F=rt Fu, 12027t BRARE 5
£ 3740] F71gl we} 4059 8027 AW d|H) gk
s FFEC] AT, FUS AN 79 DAE
Qeole] FHo] F7IHAE FEe] HtehA s L,
D9} R $70] 5713l we} $3-&0] §43] A4t

4027t F2A18 3 $-(Fig. 3, Fig. 5-8) 29 &2
D(58.95%)% DA(59.40%)2] 27 FHEET F<
A ¥ ke (p<0.05), 3mme FAE& FHT
D(36.60%)9F R(32.50%)9] A+Et o3t 2 5
FES HAH(p0.05). &3, 79 SHELS DAY FHE
Hoh wokou, J#oj$Ae] /184S DA ZRY F
8] 74 A7} 7, DA Uig <delo]e] $Ho] F7t
5 79 $EEHS Aol Zxdh DE REY ¥
< FTHES HolM, TYE FTAHAAE AT Ao|7} 8l
RoH (p)0.05), D R EF 3mmé ¥4+ 3t &
FE AA3 sl 3mme 3EE EA3 RY ¥
£(32.50%)& e 34¢ st DY FHEEY o3t
A $%31(p<0.05), D Wig R ATE FLict
(p{0.05). DAE REY & THES HolH, 2mmeld
o] 373& T RY DY FHELS T3] A3l

+—
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70

Degree of Conversion(%)

Degree of Conversion(%)

0 1 2
Porcelain thickness(mm)

3M Resin cement

—— 40sec.

20 b

Degree of Conversion(%)

- 80sec.
—&— 120sec.

(N SRR

Degree of Conversion(%)

0 1 2

Porcelain thickness(mm)

Duo cement

I —o—40sec.
20 ..............
- 80sec.
T 3 A —&—120seC. |.-..-..-.
o 5 I
0 1 2 3

Porcelain thickness(mm)

Dual cement

40 f---------- R R
30 bt
——40secC
20 f----- ~B-80sec. | 7]
10 koot —&—120sec. | |
0 . "
0 1 2 3 )

Porcelain thickness(mm)

Fig. 3. Degree of Conversion of resin cements according to porcelain thickness and exposure time

DAY BE FREHT 93 23tH(p(0.05).

80z¢} 12027H(Fig. 3)L.2 F2AIZlo] F71EW F
FEol F71Ho] ARz FHES Aok SojE% LA,
53], D¢ RoM FEE F4< B4 4+ A
7t W FFE /Pt Aot £8, 79 DAY F%
9 Apol= FaH A,

Z ARER $3 w2 FHE Wk(Fig. 3)= ol
3gth. ZE BE 5UF AN deole] F3o] F
HA = FE 72Tt Zol F7d| e FHE £
3 o7} §I9iTH(p)0.05). DY 7§, BE FLT TAM
Zold d2TE 2mme} 3mme] $4& A AFEG
A B& FHES EATHp(0.05). EF, 4039} 80
27 F2A Imme) F73 & FHE 49 3mme) F7

< 548 ALEY YA & FRES EIx
(p€0.05), 4027 A 2mme ¥3& FH3 B¢
(46.50%)< 3mm¢ F4< T 73 -+(36.60%)ETh
FOIHAl =& FHES EHUH(pC0.05). RY 4%, 40%
v FZRAA WEZF(51.10%), 1mm{47.00%) 9}
2mm(44.05%)8 ¥4< 533 A= 3mmé FEE
54 39(32.50%) Bk foaH & FHES BAS
o (p(0.05), 12037t FZA] thZF(55.40%)€ 3mm
o 3L EAZ 739(44.10%) 20k ook w2 F%
£< 2QH(p(0.05). DAY 7%, 4027 F2A] dx
(59.40%)% 1mm(59.15%)9 34L& 5343 A$+e
3mme ¥73-& EA3 74 $(48.65%) B} e w&
FHES BAH(p(0.05).
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Omm Porcelain thickness 20 Tmm Porcelain thickness

C]zM DM REIDA IE]?Z.DIRDA

70

60

50

40

30

20

Degree of Conversion(%)
Degree of Conversion(%)

10

o M= - —
40sec. 80sec 120sec. 40sec. 80sec. 120sec.
Exposure time Exposure time
2mm Porcelain thickness 3mm Porcelain thickness

70 -
C)zMDMRLIDA ,L_JZ.D.RDA

Degree of Conversjon(%)
Degree of Conversion(%)

40sec. 80sec. 120sec. 40sec 80sec 120sec.
Exposure time ~ Exposure time

Fig. 4. Comparison of Degree of Conversion of resin cements according to porcelain thickness and exposure time

b, ™5t TXHola|o] FHs0|M BEAIAZI] @2 = omme] AL FIHH AL DAL UE ARSHD =
g2l 8l (Fig. 4) e FREL HYT, 4027 F2AS RY 2¥E
D RS A% Smmel QeG AN 050 B (44.05%)€ B05T B2 78] FUE(50.50%)%
& AS S8 HFe] Zhd] 12027 FRAG BS 12027+ B2AE 7(51.45%) % D(51.30%)9 38R
ot 3] Re FUEE HADE0.05), BE AT T frlshl Ssleh(p(0.05),
HE ABEE 2& FAGN ZAAIL Fold) e 3 3mme $2E EHE AeE 2umd FAE S
g F9 g &to)7} YATHP)0.05). 7229} §A3H %74];4 o2 Holu} BE AmES] 23
Imm® ¥4< $34F A5 DAGGI.16%)E dzET go] AY3) zHastd AuEZF S35 ajol7t 7AEY
(59.40%)9 FHED FAMEIA 4023 FxAIS o}
3 B2

Z(48.75%) 9 402(47.00%)9}F 80%(48.80%) }
& REY fr3iA & FHES EAHp(0.05).
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Table 6. Intensity of transmitted light through porcelain discs and Transmittance, Log transmittance, Tc*?,

and needed exposure time of resin cements covered with porcelain

Omm 3416 / ] 1

Imm 148 0.428
2mm 87 0.251
3mm 48 0.139

40

- 0.368 1.325 63
- 0.600 1.756 70
-0.857 2.327 93

Io = Original intensity of light
x = Intensity of transmitted light through thickness x
Te = Transmission coefficient

t = toTe?
0 F . . 100
-0.1 Jﬁ 1 2 j
-0.2 | ?.m?,
_ ! ——slope= >
5 703 - 0.245 £
% -0.4 | >
S -05t z
Q.
-0.6 | s 80r 0.5695
20
-0.7 } 10 b
-0.8 | 0 ' .
-0.9 f 0 1 2 3
Porcelain Thickness(mm) Porcelain Thickness(mm)

Fig. 9. Logarithm of total transmission of light vs.
thickness of porcelain

3. XS 6 Fro| 2ot 0| [E TAMAIZES]
TP} eENHIES| FpIED oMo ojkl= HeKTable
6, Fig. 9, Fig. 10

Radiometerg ©]838t9q &A% 21719 light guide
¢ ¥ lmm, 2mm, 3mm $739 SAHE FH3 4=
(mW/cm?) & 346, 148, 87, 48 ol 1, FA7] ¥l &
(I/10) 2 1.00, 0.43, 0.25, 0.149) ¥]&& ZA39T. &
A2l F7 (x)oll gk FA|7] v1&2) logdk(log(ly/Io))& &
2 Aoz Fatod Fig. 9o YEfAR, 71€7] @2 -

28

Fig. 10. Exposure time needed to achieve agreed
hardness and degree of conversion of the resin
cements through different thicknesses of Porcelain

0.24452 =9 F<A4(Absorption coefficient)o]™,
B3 A 4(Transmission coefficient, Tc)9 loggto] B2
Tew 0.5695012 =A9 37 (x)o] We Fad ZAZE
()2 t = toTc®(to=40sec, Tec= 0.5695)914 1mm,
2mm, 3mm ¥739 =AF7A] 3l 53%, 70%, 93%2
AXFE] A THTable 6, Fig. 10). ¥ A& D9 RY %
2mm$} 3mme] 730 thaf AdE ARG 2L 2
AR FFH3E GAANES] nAA =Y FHES
23] st
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70 ¢
60 | &
50 @
s Y [+ Z(R = 0.8437)
S 30t = D(R=0.9101) |-
-4 R(R = 0.9653) |
20 1 | |®DA(R=0.7917) |
10 F ! IR
0 L 1 1 1 L 1 L X ‘l
26 20 32 37 45 48 54 68 95 105
V. H. N, '

Fig. 11. Correlation between VHN and DC for four individual resin cements

4. 0|MZ =2 SEES A (Table 7, Fig. 11)

Table 7. Regression

TR, _ §
. WARES FRES Bo) Fatelol e £A9 F7o
C e 1w osi 271852 gashion, 2AsE PHE Jolt. ©
R 0.641 12.16 0.9653 XH?_]_EHOI-O’] 3;-‘76‘0] %‘7}'%01] U’]"j’} UIH]%]E‘T__‘ lmmﬂ}?‘]%
DA 1.134 2279 0.7914 FA% A2 ImmelA 2mmAtelelMel Fae 24

QAT FHEE Immd) FA7AE 9T P48 B

Y=BlxX+B2 oy}, o|% FA0] Z7tetd FAY Pas Hart 37

Table 8. Composition of monomer and fller of tested resin cements®® %

Prodiict Na : = o
Z Bis-GMA 0.7 79.3 71 Zr, Si02
TEGDMA
D Bis-GMA
Bis-EMA 0.5 67.4 49 BaAlB, SiO2
TEGDMA
R Bis-GMA 0.7 76.5 66 Zr, Si02
TEGDMA
DA UDMA 0.04 60.1 37 YbF3, Si02
D3MA

* Bis-GMA.: 2,2-Bis(4~(2-hydroxy-3-methaacryloyloxy-propoxy)phenyl)propane
Bis-EMA: 2,2-Bis(4-(2-methacryloyloxyethoxy)-phenyl]propane
TEGDMA: Triethyleneglycol dimethacrylate
UDMA: Urethane-dimethacrylate
D3MA: Decamethylenedimethacrylate
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Yoz 7% r %2 Rel 0.9653, D7t 0.9101, Z7}
0.8437, Z12]3 DAZ} 0.7914°|F 2, 9ol A w]A|
=St THES ol AAAAE BEAvh AP AgE
7 Agel A HAEY A Tl BHT Ade
Table 73 #1L Fig. 11& 0|8 &2 Yehd Ho|rt,

V. &2« od

F 2ol AveEEQ B oy =AZ A% el
7t FHEA BEHAARNES] AR #Alo] F7bEn
Atk =AQddEele EARH ARAA3e A4S
F7H71E W E 2 AR ARl AEE T, &
FaRddols #H39 FqrES 29 5 Ax, MY
D9G3 HFo] 7hs3in, dolu ¢EAE B4 83
o] AU, o|F FEEEL Jdlole HAZAME 18]
3 Xoje} HAANET ] HA=o] Fasiy o] K3
AAHMES FHAES} Z& A} slTh, F§o] 83
7 g EFHAANEE $5E & /I EEF
& F¢o] © FEo] ek&oz HIH 1 AMET} vpgo
2 A" Ao i AAFER A3 FEEY 3
o AZtsAl dE Fob A2 AEHL e PAAHE
A FFAE S Aoy FEES Foto B2 AL
BE7t gaso] 9% HolARAR Fio] dojdtie ¢
< 73 $lo] Fol E2ET] of2]E Fold et
FHE AN 1FFEE dTANET} ALHAG
g, olFFHE ARAYNER FFEI Y vV 2
FxAbel] G wethn Baymn gopesas Btz
AHMES FHY v thefd Wi o2 AFE L glomse
® FEEY TR FTH, 2 ZAKT WE 53
ZARES] FE4EH 7[ARA A dg vAZEEE 7
2t 2Asta v|wsle] Hrlshe AL dBH LR 583 9
o9& Zet

2 48 A7 3339 B o]F5EE A
Es g7l 24| 28 593 2104 Fo|3t FHEH
A ZE B}

Ruyter®} Svendsen®™ A ndln Ex}gko] & Thaks
Bis-GMAS] o] 7+Astm, ©d7)s vk e} 4
A9 ol ke FFEo| F7Ht, Bis-GMASH
WEFE T o] o) SN FEe| Aadtia

skt

2

K orlo of 2

fr ml g

Hlg) A= 0|3 AYo| uat A¥HE TS v &
AN FARE FA] Wi FHES FHAIIA &
tha 8tgith. 28U, Antoniadi %<& UDMAZ F4 €
537 Bis-GMAZ 74 E3AET Jeies

30

AT & FFE0l B8 7AW =E2HY w2 g B
o3 skt

B3Ale g 2402 FAH MR T WA
< Yeio 22X FHER AolstA YEETH. Ruyterst
Oysaed”= #5¥E B2 $58 FHEL 93
o 274 Aol 2 Agritt ti2A Yehdtia 3¢t

2 A8 AHE 139 FF53Y E7EAT 3% o)F
4% dAANE g DA fillere] HE- Table
837 Zod, 27 =4 32 1mmE Fo] T B,
DA%} D7} & F§ES BU0HTable 4, Table 5), &
g, TYT 270N diF-E A+ Z, R, D, DAY €22
2 AAZE BHtHTable 2, Table 3). ol @34
o 240] 79 Re| 2+ TEGDMAS} Bis-GMAR 45
o} 3131, DAS] 7% UDMAS} D3MA (Decamethylenedi-
methacrylate) 2 7450} 3len, D9 7% TEGDMA
9} Bis-GMAS] ol 7behgl 729l Bis-EMAE g3t 9}
o] ol2| g TFAe] A Zol7t FHET v T
< "R S Aolgz Alg "

Filler §%9| Aol= F3FEF MAZA R 9% Eoh
Barron 5% Caughman $¢ A3 234 fillere
EFAAUNR Ho] ARE Wadte TS WEsly] Wi
o #7] fillerd] ¥ FEES AT s} £
Aol AH-E 0]533E YAAHMENME fillere] 3
FZ R, D, DAY £2o2 AW, 27 Imme] $4<
Fo| EAZ A FHEL fillerd] ol dgo g X
4 AHE 4}t Chung? Greener™9| dA7ol| 2JapH,
FHET fillerd Fdvbe 4ETA AR, A=t &
o BABAE Zretha d9ou, Watt 52& Huje] 73
=7} fillerd] el o3 FEH o2 Jg wor} filler
o 7} AAAQ FAE oA geria stk £ AY
A PAAEE fillerd e €22 £ 2HE BS
o, 3 vl & @gked, o] Darr$} Jacobsen™
3} Ear] $79] B¢} ¥x)8k9th.

Fillerd] 94271 $4E3 229 A2 #4771 A
= A02 484 o, B 234 fillero] 23 ¥
o] Aol dojulH, HA & E8le Y9 Axe Aol
37V E 449, Ruyters) Oysaed™= H9 A
A A2717F 431 B gl 172404 HURE Lo
U A3 249 e 5182 450~500nm' 9ol 2
Z g 0.25mme] gAA7)e) et st 3
microfilled B&HAL fillere] Hd2717F 0.04#meo]t
colloidal silical#te] &-7oll &l Qo] A Agho] F713)
o F3HEo| W& 9elo] Evtx siglnh. 23y, Uctasli
S92 microfiller® 343 AIME7} hybrid fillerE 3
& AMERD Fxo FHa7 ZAYTU FAL,
Kawaguchi 52 hybrid fillers E#30 gekg 2
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719] 4AEe] Xl 2 YAl oJgk Hel wApet 22
ARl o3t Hef FHAR T FAG Whgo] gy F
HAFE ZAAA hybrid fillers T3 2872 (0.14m
~50um) % AL YAH0.2¢em~0.3¢m)9] fillerg e
B3zt FgAels FaATY Aolrt AT o
Atk B AP ALEF AREY fillerZ7]E DAY A5
0.04¢m9] microfiller7} E¥HE 1, YA 38L& hybrid
filler(0.5~0.7um)7t EFEH Ao, FFEL fillerd] 2
717} A¢4E Eo} Uctasli®e B9t dA8lia, wlA
AEX fillere] A7]o AFGE BA oY, fillere] Tl
u #7le) 249 JFgrThe gkt

T3, 9771385 filler7te] FHES Aoz THE 4
g & & ik Bz fillers} #Z1712 o] Bloj o
g 2HEY Aol7} F4E S AAG A FRELS LA
g}, £ Aol AR B fillers FAZ 60%
~T79%, #9 2 37%~71%E X8, Al, Ba, B,
YbF3s} Zrge] WAM E-5314 AE& X380, DA
F3H9 prepolymerized fillere FHE3 vzl 3k
& FEE & fillerd] Z7|V FFOE FEECI T
AN7AZ] WS d33l7le olel g Aoz Algdt

FEHES B3 EgeAAAES FSHANZE W, 2 FY
B2 FEEY TR 34, AHEY 714 filler, ¥,
a3, RANZE B ahd] o) JEe werpeE,
Rueggeberg 5779 7ol 93lH $HE9 FH0] &2
At oA AFe 8471 S FFES FATE,
2mmo| 4] FEE BANNE ZA T Fxd ) F
2 g wetha a9t}

FEES 53 Foot hHe AL ZARE AFA
A BAY 4 o), FEe B 74 £22 camphoro-
quinone¥ 714} (excited state) 2 FAA71E © =&
& FH, ZAKTE 94719 camphoroquinoned FAHA|
A oz whgaHA 3 SN J1ddt. 2 EE,
s}2A A 7] A 2L NAIBHE free radicalS 3
Adhe o] Bo| EEdty FHES F7MHE 4+ Ut
Nomoto 7& BE9} A o2 HHH= A
ZATE] gro] 4t B5EY FFAR FHEole
BYsln FHEL AAE 2od1 d%e, v o 4
FeABAVN N F2AIA ] F7EH HRIAMES] F§
EolY plAA =7} S7HE TR &%t 28y, Blackman
50L& AL gAAUET} gk EAst e A =
AN A Fo] 7hEdtd o, FAE EACdAME 120
28 AR E RSN S-S Bolx] gkt skl
31, Warren?, Hasegawa 5", 281 Breeding 5™<& ¥
7o) 2mme] A FEES B8 BRANE A ¥ A x3Ae
B ZAMT Bt dAs)or dta sigic) B A3
AME ZARA| L] 7t F79] Aol wE FFrEo|Y

o

|MA =z Aole AT, FEHE F4E B3l 40
T B2ARE S GAANESY nNARY SHES Y
+A8 HROM, 8021} 12022 FRANLE 27He
MAAESY FHES AT 7RI, FHE $4E B3
HAAHNES F53E 2S¢ AFE AR F71380
of grta Az,

Kawaguchi $%& 3339 53879 3% B uigt
Z3}A4 4 (Transmission coefficient) ¢} 2&dolE ABA
o] gitka &L, Chan 5% A9 FHAFE T3}
EAe FA 2 HAANNES] ] BLg FFAM
e 78 4 gtk 3191tk Lambert-Beere] 2 ol <]
3 =AY $4(x)H FHAF(Te)d] JFgoz A HE
o ZAlE e el Z=(I)+e I = ITe*(lo = original light
intensity) & EAEHBE FHA T logihd Ix/109] log#k
I 34 tig dA} A9 71E7] 2N B4 MM R
= 5o 93 ZFEr}. B AdoHdE 1lmm, 2mm,
3mm $739 EARE 53 Y ZA=rt 0428, 0.251,
0.1399] H] &2 FHHoH, o] & o] &3l =AY T
HAFE T3t AN 4 T4 (x) s Bag
ZANZHE)E YERE 4% t = toTc™* (to: exposure
time of the resin cement alone, Tc: Transmission coef-
ficient) A 2} 373 sl 53%, 70%, 93%9 8
ZAZHE T WattsS*9] Aol <Jshd 44 2
o] o}efollA 23 RAAEE YR 23 3F |73
%9} 80%°]/d°] Hojok gtha it & AgelA AL
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