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A STUDY ON THE DEGREE OF CONVERSION OF LIGHT CURING
COMPOSITE RESIN ACCORDING TO THE DEPTH
OF CURE AND LIGHT CURING TIME

Kyung-Hyun Kim, *Oh-Sung Kwon, *Hyun-Gee Kim, *Kyu-Chul Baek
Chung-Moon Um, Hyuk-Choon Kwon

Department of Conservative Dentistry, College of Dentistry, Seoul National University
*Hansol Institute of Chemical Technology

Physical properties of composite resins such as strength, resistance to wear, discoloration,
etc, depend on the degree of conversion of the resin components.

The clinical behavior of restorative resins varies brand to brand. Part of this variation
is associated with the filler and differences in the polymer matrix. The polymer matrix
of resins may differ because the involved monomers are dissimilar and because of variation
in the catalyst system.

The purpose of this study was to evaluate the degree of conversion of the composite
resins according to the depth of cure and light curing time.

7mm diameter cylindrical aluminum molds were filled with each of five different hybrid
light curing composite resins(Z-100, Charisma, Herculite XRV, Prisma TPH, Veridonfil)
on the thin resin films. The moids were 1mm, 2mm, 3mm, 4mm, and 5mm in depth to
produce resin films of various heights. Each sample was given 20sec, 40sec, and 60sec
illumination with a light source.

The degree of conversion of carbon double bonds to single bonds in the resin films
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was examined by means of Fourier Transform Infrared Spectrometer. The results were

obtained as follows ;

1. There was difference in the degree of conversion among five light curing composite
resins according to the depth of cure for 20sec, 40sec, and 60sec illumination with light

source with statistical significance(P<0.05).

2. Five light curing composite resins show lower degree of conversion at surface of the

resin than depth of 1mm.

3. The degree of conversion of five light curing composite resins was siginificantly reduced
from the maximum for the resin film when the light passed through as little as 1mm

of each composite.

4. The degree of conversion of five light curing composite resins decrease significantly
at the depth of 4mm, and polymerization was not occured at the depth of bmm except

for Prisma TPH.

5. The degree of conversion of five light curing composite resins was increased with increa-
sed light curing time, and there was no significant differences in the degree of conversion
above 4mm in Z-100, 3mm in Charisma, and at depth of 5mm in Herculite XRV and

Veridonfil(P>0.05).

key word : Light curing composite resin, depth of cure, light curing time, Fourier Transform

Infrared Spectroscopy
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Table 1. Materials used in the study.

MATERIAL SHADE BATCH No. MANUFACTURER
Z-100 A3 5904A3 3M, USA.
Charisma A30 048 Kulzer, Germany
Herculite XRV A3 3604-22861 Kerr, USA.
Prisma TPH U 9642115 Dentsply, US.A.
Veridonfil A2 05 Dongyang Nylon, Korea

* Light source unit s 3M XL 3000(3M, USA.)
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Table 2. Degree of conversion(%) at 20sec curing time (MEAN+SD.).

20sec. Z-100 Charisma Herculite Prisma Veridonfil

Omm 33.50%0.71 30.00+141 37.00+141 33.50+2.12 62.50+0.71
Imm 34.50+0.71 38.50+2.12 41.00+141 42.00+2.83 68.50+2.12
2mm 31.50+2.12 31.50%2.12 38.50+0.71 36.50+2.12 61.50+0.71
3mm 26.00+141 23.50+£2.12 32.50+0.71 23.50+2.12 50.50+2.12
4mm 11.50+0.71 11.50+2.12 8.50+2.12 11.00+1.41 12.50+0.71
5mm 3.50+0.71 1.00+141 0.50+0.71 1.50+0.71 1.50+0.71

Table 3. Degree of conversion(%) at 40sec curing time(MEAN+S.D.).

40sec. Z-100 Charisma Herculite Prisma Veridonfil

Omm 33.50+2.12 33.00+2.83 40.50+0.71 39.50+0.71 64.50+0.71
Imm 35.00+2.83 39.50+2.12 43.000.00 41.50+0.71 69.50+0.71
2mm 35.00+141 31.00+141 41.00+0.00 39.00+1.41 66.50+0.71
3mm 28.00+141 2350+0.71 31.00+141 22.50+3.54 55.50+0.71
4mm 10.50+2.12 10.00+1.41 13.50+2.12 14.50+2.12 20.50+0.71
5mm 1.50+0.71 0.00+0.00 1.00+1.41 3.50+0.71 4.00+1.41

Table 4. Degree of conversion(%) at 60sec curing time (MEAN+S.D.).

60sec. Z-100 Charisma Herculite Prisma Veridonfil
Omm 34.00+1.41 31.50%0.71 40.00+141 39.50+0.71 62.50+3.54
1mm 36.50+0.71 37.50+2.12 42.501+0.71 43.00+1.41 70.50+0.71
2mm 35.50+0.71 33.50+0.71 41.00+141 40.501+0.71 67.50+2.12
3mm 26.50+2.12 22.50+2.12 31.50+2.12 25.00+1.41 58.50+0.71
4mm 14.00+1.41 12.50+0.71 16.50+2.12 19.00+1.41 30.00+1.41
5mm 4.50+2.12 0.00+0.00 0.50+0.71 3.50+0.71 1.00+1.41
45% 45%
40% 40%
35% 4 359 |

£ 0% -8 30%

S &

= 25% o 25%

S .8

& 20% & 20

(<] (<5}

4 4

§ 15% § 15% F
10% 10% }

5% 5%
0% 0% 1 1 1 1 M.
0 1 2 3 4 5 0 1 2 3 4 5
depth(mm) depth(mm)
Fig. 6. Degree of conversion of Z-100. Fig. 7. Degree of conversion of Charisma.
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Prisma TPHY] 729, #& A A F=zA}
AlZbo]l F7VEFE FEHEC] FAA A
7vet 3 o0 (spectrum 19), 4mme] A% 602
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gol A UA F7189H(Fig9, Table 5-

=
(5]

2)(P<0.05).

Veridonfil®] A%, 2mm, 3mm, 4mm 3%
ol A FRAF AZHE F/HZ AS FF
Eol F94 A F713H A L spectrum 27-29)
(P<0.05), 5mm % FAoloX FRAL Al
e AR FHES F7EA &g
(Fig.10, spectrum 30, Table 5-3)(P>0.05).

2) 2% ol ¥u

B2 B T FHAA 2027 F=
AF3F 739, Herculite XRV(37.00+1.41% ) &
Charisma(30.00+1.41% )9t $#&9 #9%

Table 5. Significant difference of each material among light curing times according to the

depth of cure.

In Z-100 and Charisma, there were no significant differences at all depth of cure

among light curing times.

T.5-1 Herculite

T.5-2 Prisma

T.5-3 Veridonfil

sec| 20 |40 | 60 seCi 20 {40 | 60 seci 20 |40 | 60
20 20 20
40 40 | 45 40 1234
60 | 4 60 1045 60 1234 4
*0 5 depth of cure Omm, 1; depth of cure 1mm, 2; depth of cure 2mm
35 depth of cure 3mm, 45 depth of cure 4mm, 5 depth of cure S5mm
45% r 45%
40% 40% b
35% 35%
S 0% 2 a0%
o 8
5 25% S 25%
B oo o0 |
: g
= g 15% b
8 5% F 3
10% F 10%
5% 5%
0% o . 0% *
0 1 ? 3 4 5 0 1 2 3 4 5
depth(mm) depth(mm)
Fig. 8. Degree of conversion of Herculite Fig. 9. Degree of conversion of Prisma TPH
XRV.
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atol & HYgen, Veridonfil(62.50+2.12 % )
& UM 4%9] Agot BF FTHEY {9%
Aol & JEFATHP<0.05).
4033t FZAME 4%, Prisma TPH(39.50+0
.71% )} Herculite XRV(39.50+0.71% )& Z
2y 7-100(33.50+2.12% ), Charisma(33.00+2.
83% )9} tolE B AL, Veridonfil{64.50+0 .
71%)2 YA 4F9 A5 BF FHEY
2 2ho] & YeElTH(Table 6-1) (P<0.05).
1mm$] 5§ oA Z-1002 40% FxA}
T A9, UnA AnESR FHEA FoF
o]l & YL, Herculite XRV, Prisma TPH=
20%, 40%, 60xoA E5F Z-100% <)
Apol & B om, 205} 60304 Charisma}
F2 3t 2ol B ArHP<0.05). Veridonfil
Uz 4%9 AMet 2% FHEY KT

a0l JERADH(Table 6-2) (P<0.05).

2mm ¢ ZoldlAE 40% FRAL A7l A
Z-100(35.00+1.41% )2 Charisma(31.00+1.41
% )3kl 2% 2ol 7F AR TH(Table 6-3) (P<
0.05).

3mm % @old A+ Herculite XRVS} Ve-
ridonfile] YA A5 E] ¥ & FHEL
Heeon], Z-100& 40% BxAH28.00+1.41
%)A] Prisma TPH(22.50+3.54% )l ]3] &
< FEES el H(Table 6-4) (P<0.05).

4mme} T3 oA, 6033t FRAMA] )
27k Aol & BHoH, 40 FXAA|, Veri-
donfil& YA 459 AME} EF FHEY
93 2ol & YERA TH(Table 6-5) (P<0.05).

5mme T ZHoJdAE 40%9 60304
Prisma TPH”} Charisma$} 23k x}o]& X

Table 6. Significant difference at each depth of cure among materials according to light

curing time.

T. 6-1 significant difference
at each curing time at the
depth of Omm.

T. 6-2 significant difference
at each curing time at the
depth of Imm.

T. 6-3 significant difference
at each curing time at the
depth of 2mm.
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V |eielosrefese|lore v ©orQjorOlora|oso Y loese|ore|lorolore

*¢ . curing time 20sec,

T. 6-4 significant difference
at each curing time at the
depth of 3mm.

#  curing time 40sec,

T. 6-5 significant difference
at each curing time at the
depth of 4mm.

¢ - curing time 60sec

T. 6-6 significant difference
at each curing time at the
depth of 5mm.

Z < x 14 v z c
z z
< c
[} ©6 [os8 = o
r . ©r8 r 8 -]
v ©tOlos8lore|oso v re (s @

L3 r v z [ u 4 v
z
< @
. [
r + 8
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*¢ © curing time 20sec,

# . curing time 40sec,

¢ . curing time 60sec

Z : Z-100, C : Charisma, H : Herculite XRV, P ! Prisma TPH, V . Veridonfil



fom, Veridonfil®] 7-%-, Herculite XRV,
Charisma$} x0]& B 1, Z-1009 A%, 60
% FFAH450+2.12%) A ¥ SHES U
e} tH(Fig.11,12,13, Table 6-6)(P<0.05).

3) FEAF A7HE v

202 FZAE A9, Veridonfil& X
¥4, lmm, 2mm, 3mmolA UHA 4F9
Agro FEEl 94 IA =%oH, Z-
1002 1mm, 2mm, 3mmo]A] Herculite
XRV$, 1mm, 2mmolA] Prisma TPH} %

70%
60% |-
50%

40%

30% |

conversion ratio

20%

10%

0%

depth(mm)

Fig. 10. Degree of conversion of Veridonfil.

g9 9% z0)E B (Figll) (P<O.
05). Charismae #d3 %9, Imm, 2mm, 3
mm, 4mmolA Herculite XRVS}, 1mm, 2
mm, 3mmo)|A Prisma TPHS} 28§29 §9)
& Aolzb 1H(Fig.1l, Table 7-1)(P<O.
05).

4022 FZAFE 739, Veridonfil #A
¥4, Imm, 2mm, 3mm, 4mmo]A U=
4% AeEY FHEC] KA A =%
™, 5mm(4.00+1.41% )4 Charisma(0.00

70%
60% 3
50% +
.2
®
S -
o ‘%% .
.9 Y .
S0 "
= ~—1100 \
S 105 ] —e—Charisoa \
a Herculite
——Prisma \
10% T _o—Veridonfil '\.
N
0% t + + +
0 1 2 k] 4 5
mm o @ ww W om
depth

Fig. 11. Degree of conversion at 20sec.

Table 7. Significant difference at each light curing time among materials according to the

depth of cure.

T. 7-1 significant difference
at each depth at 20sec.

T. 7-2 significant difference
at each depth at 40sec.

T. 7-3 significant difference
at each depth at 60sec.

z c " [ v z < ' ’ v 2 c . ’ v
z z z
c c 1.2 < $
. 123 [&123 ] 41,2 23 " 01,23 tl:
e g |2 v farasfeas| s v o N s
L2 | 01,2 F 402 ALY SLL P12 41,21 &4,
v o {usasjatasfat23{e2s M e jaes faes ) ne MEETOIRY MR RY)

*0 5 depth of cure Omm, 1; depth of cure 1mm, 2 depth of cure 2mm
35 depth of cure 3mm, 4 5 depth of cure 4mm, 5; depth of cure 5mm

% 7. Z-100, C . Charisma, H ' Herculite XRV, P . Prisma TPH, V : Veridonfil
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30%

~e—1100
—u—Charisma
-m-Herculite
—3¢-Prisma
—o—Veridonfil

conversion ratio

20% +

10% +

0% ~4

depth

Fig. 12. Degree of conversion at 40sec.

+0.00%), Herculite XRV(1.00+1.41% )Xt}
TR KA Aol7l ANTHFig12) (P<O0.
05). Z-1002 @R FH(33.50+2.12% )N A
Herculite XRV(40.50+0.71% ), Prisma TPH
(3950+0.71%) ¢}, 1mm, 2mmolA] Chari-
sma, Herculite XRV, Prisma TPH$} £882]
fro)gt AFolzl AL, 3mm(28.00+1.41% )
o A& Prisma TPH(22.50+3.54% )% F%&
9 F% Ao)7t AAH(Fig.12) (P<0.05).
Charismae 7 %9, 1lmm, 2mm, 3mm,
4mmol A Herculite XRVS}, 1mm, 2mm, 3
mmo| A Prisma TPH® F8E9 Aol7F 9
R (Fig.12) (P<0.05). Herculite XRVS] 7%
3mm(31.00+1.41% )X Prisma TPH(22.50+
354% ) Bt} FE] foA UA T4 (Fig.
12, Table 7-2) (P<0.05).

6022 FZAMSH 7%, VeridonfilS, #3
¥4, lmm, 2mm, 3mm, 4mmZoloA 1}
W2 4% Ag FHE KT 2ot
A29, 5mm(1.00+1.41%)AE Z-100(4.
50+2.12% )% F% Aol7b AN (Fig.13)
(P<0.05). Z2-1009] 79 &3 ¥4, 1mm, 2
mmolA Herculite XRV, Prisma TPHS &
3k zpo)7F AeH, 3mm(2650+2.12% )

45

[
60% +
1
° 50%
=
: 1
o 40%
2
w2
-
4 30% -
8
)
20% -—e—12100
~a—Charisma
-m-Herculite
10% ~ s Prisma
—e-Veridonfil
0% l + ¢ + + -
0 1 1 k) 4 M
om mm mm mmn mmn mm
depth
Fig. 13. Degree of conversion at 60sec.

o A= Herculite XRV (31.50+2.12 % ) ¢},
4mm (14.00 + 141%) 9|X¥= Prisma TPH
(19.00+1.41%) 8} FFE2 F93 Aol B
A H(Fig.13) (P<0.05). Charisma®) 3% e
Zo]ol A Herculite XRVS F93%F zto)7} 9l
fom, 3mmE AF ZoldlA Prisma
TPHSF S5 F9 % 2] 7t 1A H(Fig.13)
(P<0.05). Herculite XRV2] %, 3mm(31.50
+2.12% )9 Prisma TPH(25.00+1.41% )2
o F#8EC] FAA A EXoH(Figl13, Table
7-3) (P<0.05).

v,

S 4 qot

AnA SFHAAZ FFTH B ddo] &8
o]F, A HEHAE AWFoz gy
Skoh AAF EF #Fe] A= o] §H )
AFRE F, AR FAE B gHo]l 4l
HAL, A T o3 yHFAvlel g
ofyet, Aol FAA Y Mia Ao 2 oS
W2 1R HEHTI ) olzglomEw, A
AX e RO BF AN F e, Axe
EA AL Z2EE hybrid typedl 5 2%
g7 o] ol ARE-H L i}, e B gze



Z3 98 FHSFES TS =9, 149
HAR] wAFE, WA, o2, ¢zt
23 @A FEEQ dud7A oz A
AL 7 Yo, EF BFH 5T 9
FEo] FEES F73 AAdA FLEA o]
2oXA] ¢, AMSE FH9 Az, #H3
BESFE, fillerst Ao 24 o) Igo
4 7R FFo] dojdte dHE
7ML Q. BFH EF He] FHE
#3 AFE "9y AE AR ¥4 9I
o 2 o]Fojz] ghopenn o] YA
ol FHES Hrehe R 938z
8% 99F Zer.

¥ Ay 2, 449 F5H 57 4l
Y3 £33 Zol9t FRA} AlTbol| tE] Aol gk
SHES BQov, o® FHEY Aole
B53 B3 AR s 244 717
1)

BEE B3 Y VFE7 He gFde
BE AlE ddd)] 2443 vinyl groupd] €4
0]ZZ2%¢ 49 @} monofunctional mono-
mer$} difunctional monomer$ & TEHH
O, iREe FFHE 5 #HAE aromatic
difunctional monomer?! Bis-GMA”} A}4-
o, Bis-GMA$} v¥]&8 A =& 2HE Bis-PMA,
Bis-EMA, Bis-MAZ} Al&-57]% gt}

w3 sMA2 AMgsEe TEGDMA, EG-
DMAS 2 @A o] T/ T2 THE
Ad&-g v A H1, Ruyter?} SvendsenF 2
Bago] Az AN GHFAA Bis-GMAY
9fo] Z+2A38}1, monofunctional monomer$}
8|4 GFA Y Fol FUEHE FEl FUt
3131, Bis-GMAS} #2 aromatic monomer<)
%ol F713HA FirEo] TAUTI H IR
o},
UEDMA$} HEMA%Z-& non-aromatic mono-
merE AHE-§ @22 Bis-GMAS TEGDMAE
A3 H-e] vE), Z[E ojFARe] wat
Agste T Y A dAdA 4
A& FA37] Qo FHES FIAINA
"o,

REe] F38 B alde e °F

A= wavenumber 1640 cm'ollA] ¥|5=& {4
g 7kAH, GFg 249 gZlo] A& e
SRS Yo 2 FHET M2 d24
YEPATP’(Table 8). Ruyter$} Oysaed¥=
FTH B dI FEEY e ZHoldAg
FHES A wF Aolg Holn ol
e F2 9FAY 249 AV ddx
3 ch

2 A AHE 539 A5 EF HAe
Gas Chromatography2 #4139 ¥ Z#(Ta-
ble 8), 25 Bis-GMA%} TEGDMAE ¥ §3l%
den, ¥& FHES E Veridonfil(70%)
9} 7%, Bis-GMA¢} TEGDMA$] ¢l TMPTMA
(trimethylopropane trimethacrylate) & X33}
I e, TMPTMA®E 32 YAt &7]9) 7]
AT EF49 F71= ERY weAE 30}
AlFle ez giA Ao, E3F Prisma
TPH(F & 43%) 9} Veridonfil (8 70% )
9] 739 cross-linking agent] HMDIC(hexa-
methylene diisocyanate) 7} S| ol 35 o
1o (Table 8), °ol&id d&FA ) =4 3}
ol7} FHE FFS v & Aoz AlgHr).

BEY B 3 dtd 5% AAAY
AAA Y F=x FTHEY Huld F837
&g g} 19709 FHHEE A7) A1 ERE
7B S8 B3RS single paste sys-
tem® 2 ketone®} amine®] 27}A % 7jA
Az FAEY. 7IANFA FHE B #RA e
FE5Y /HAAE 468nme] S 7H7 cam-
phoroquinone® N, N-dimethylaminoethyl
methacrylate©]t}. Camphoroquinone& %))
URE F439 TEAHE o5 Hz,
N, N-dimethylaminoethyl methacrylate$} 2%
3le] w84 free radical® AAI 5] Ry
3N

S WA AN E FHAIY] Y3
FEGAA L FAsA 7L Y EF @A
7 e ) 9utAd F37 JAA = p-hyd-
roquinone 2, % JA| A} free radicalo]
HhS-sled A E AL g £ v
A4 5}%, monomethylated p-hydroquinone&
THAA S A ARG 7|Aq3A Ert,



Table 8. Composition of tested composite resins.

A& monomer initiator accelerator inhibitor
Z-100 Bis-GMA/ cQ EDMAB
TEGDMA
Charisma Bis-GMA/ BDA BHT
TEGDMA
Herculite XRV Bis-GMA/ CQ BHT
TEGDMA
Prisma TPH Bis-GMA/ cQ EDMAB BHT
TEGDMA/
HMDIC
Veridonfil Bis-GMA/ cQ EDMAB BHT
TEGDMA/
HMDIC

* TEGDMA ; triethyleneglycol dimethacrylate

EGDMA ; ethyleneglycol dimethacrylate
HMDIC ; hexamethylene diisicyanate

TMPTMA ; trimethylopropane trimethacrylate

BDA ; benzyldimethylacetal
CQ ; camphoroquinone

EDMAB ; ethyl 4-dimethylaminobenzoate

BHT ; butylated hydroxytoluene
FALE A Ak} vhe-S A A A 7V AY A8 sk
B4z, dY3<0 38HA = butylated hydro-
xytoluene(BHT) ©] t#®.

Asmussen'”& g A A ] o] FrtshA
ZE Oo]FATY Fol FUHRIYL 3o,
B B & S NS free radi-
cals wEA FAste, e FEF g
Hja) S AAA] ¥ E&x A7)gE, T
A JE OFAFY ¥ FAANYL 3
pri=

B Ay AH2-d E3t #2 B9, Chari-
smag A &JF 459 HFe FY MAAZ ca-
mphoroquinone S EF3s}1 glom, wkg &
A2 EDMAB(ethyl 4-dimethylaminoben-
zoate) & X35} lth. Charisma® campho-
roquinonet 2l AJH FIHAAZ EFHEH=
BDA(benzildimethylacetal) & ¥ 33}31 gl.oH
B3-S 3718 98$ 3= EDMABE £
et x] g7] WEo THEN FE F o=

47

2= tH(Table 8).

Dimethacrylate monomere X2 a3} 2
o 3Ade] WATFERE FHHEH, FHE0
2o Aoz 27|19 F3A AEo] microre-
gion®|} microgele AT O2ZMN, o]#F F
Z7F e ATEY Sl wzA 49
A ©”, Dimethylacrylate?] £33 oA
microregion = microgel®] J¥o 2 =¥
B3 479 §712de, F @349 FEI)
ES TG uAATe] Rt & F
‘i}xﬂi ,?_}\-] 5]1:1_4 39)

Kololevs*& @
Hol A E GA 9
gtgon, FHuHs-
AE FAEF A “H =
ATk Baspsict.

Filler®] &% Zto](Table 9% & 3
&-& A, Ferracane & Greener2] 43% o))
]38} unfilled Bis-GMA9] 3% £g8o] 55-

A A ol A Gl Aeirt
WS4 F7H5A Bk
A A fa

0 ==
=
19 FHe

L4



72% 23 3o Asmussen?] AFV| 2
39 fillerd] o] HL AXF #HAY FH
£ 57-77%9°1% Chung® Greener+ fil-
ler?] o] B FHF A HL 43-14
% 9 FYPES BAY P, E A
AHEE BEd B3 423 Veridonfile 69
wt%, WA 4F9 @& 75-80wt% 9 fil-
lerg& EF3L Jom, 36-70%2 FTHES
Bol2 2, Chung® Greenere] B iol {A}
3 A7E el o, hybrid typed] B5%
23 A9 B¢ HF 425%9 FHES @
=t Kjersti® Ruyter’9] R iolx A X3k
1=
BT 53 w39 T Aol fillerd] YA
2719 AF 2 BAC At BFY 2 3
Aol £FE fillerol] o3 L 4Fdo] dojut
o, A& g3 Yy Axe Aol F
Ve E AT,

glo] A 37HA] E4, & BW WAL, 24,
A A, YAt Z7)7t EAskE Yo
e 1729 o Jehde A AAge] JH3
A%, FillerdArY 2717 & 3%, R 3

& Whatol] 93] dojupm, Y27t 2 fillerd
o] 1S W9 WA AX L, 84
3¢ o] ¢ go] AF3Y B % & T HolE
ZHAl EoP”, Ruyters?d Oysaed?v= o] At
<, YA =7 @4stE W) T3e) 1/2
A Hdol® ik 0.25umel AFEtT 3}
fed, A =717F 0.04um] microfille]
744 colloidal silica YA+ -l 23] He
3|4 AHdo] 713k, We F3 2ol ddlo]
"oty 2usigd.

B EF R 29 5 7139 2
g ZUsHAl "k, Ruyter$t Oysaed?E

=289 Ao/t Yo ERA FHEA 9
&g "Hga 3tgen, Bohn¥& TAEL
U9 Jgg gon, FHFFoZ Qs Y
It E7V8HA a1, old wlE 2HE 9 Fte
% dojol ¥ Fun RIIRY. AA
%o] AMS-H 1L e B3 #2 hybrid 2
3+ 271(1-5um) 9] YAl microfiller(0.
04um) 7t AHA YA, filler FF F7H
conventional composite®] 224 423} mic-
rofill % e EH A M9
AP E FIFHA Q.

£ Agol AHSdE 353 57 E R fillerd)
717} Z-100& 0.7um, Charisma+t 2um}0.1-
0.3um, Herculite XRVE 2-4um} 0.3-0.5um,
Prisma TPHE 2um$} 0.2um, Veridonfil 2.0
um$} 0.04um¢$! hybrid type[SEM, S-2400,
HITACHI] (Table 9) 2.2 & 4A}ol| 213 Yo
HEAbel 22 Qiatel] ojh W] ATl
% oo FFE FAL AR AlEEY.

Tirtha®} Fan®& S &34, AAA F
o TE, T8 AM-EHE 49 2z A
% Qo) R Axgd] YL vAn, Yo
AE&e Yo B3, B 83 24E, fi-
lerd 37, 2, ¥F H fillerd SHE
oF JEFS et Y, ol EFET
HAYFE Fe Yo AxgE e B
3|

Fan® Stanford®+ backing reflectance £}
BE9 F7E FHER BEd 4FE FH,
white backingS & 9}FolA FAk3l A
AL Ze MY o)FAE AHLE W
ArgH el o] Ajdolat & 4= 3121, black bac-
kingS 34191 7912}, W] QkALE-¢] Zhiao)
g FHE] FA Wi FEE 2540%

Table 9. Composition & content of filler of tested resins

material size(um) content(w%) opaque radiopacity
Z-100 0.7 79.3 zirconium 4.89
Charisma 2 & 01—.03 75.0 barium 330
Herculite XRV 2—4 & 0.3—05 76.2 barium 3.56
Prisma TPH 2 & 0.2 75.0 barium 343
Veridonfil 2 & 0.04 69.1 barium 1.92
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AAIG dHY. # A4 #A films}
o] {9 QAAAE ¥ AL FA ) reflec-
tive backinge] #|X9] 3§ W FIES
Z7HRge Qe Z)xsad.

B8 EF dde EadE, 8 22401
8 MAAYG whgatA Fa gl ket
33} A 7] oxygen inhibition layer”} 100
um® FAZ SASY, FRE YIYR @
9 AZVE 7Fe3HA @) 93 &4 F B3
#Z BHE mylar stripelE B B
ke 7397 Bem, o3 Aex FHY
THEL A9 HFo o3 FHAsA "t
£ AFNAME X BEHA Y] F3HE] 1-
2 mmZo] ¥-919] A4 v 2 AL o]EFH
oxygen inhibition layer®] @33 Ao Az}
"ot

Ruyter®} Oysaed?= FZAF AlIZte] F7he
8 Qo9 THEN 9FL vjAd Y.
BZA}F AZbo] Ao F§-S A free
radical& ¥4stes Yol Bo] x&3ly, 5%
Bo] F/IESEN FEEY A FH94
A7t FUKRGa igen, o3 A=
FE-B9} Zojo Faglel B el FFl
u& 7 FRAE AZre] HAdg AAMEG
Kjersti¢t Ruyter’= 3 w59 A=
BTz AL F aFA Y S FA I}
Rom, FRA F 6.7A17t0] AH3H FI}E
o] 44.9% A 60% & Z713 L B st
o)t AL HXY FH F H=It SIS}
&% dimethacrylate”} BHatol]l 2js] o]F3}o]
k-S4 Q1= free radical® ¥ 24 Yo
v, ol HIAQA S AN vt
373 = free radical®] EAE W7t 715311,
27| T ¥ 6A130] 7€ Fo= dimethac-
rylate monomer®] -F/d¢] 3] AE7]
2ol FEEC] 9 o) F71E & A vz
st 2 £ AFe A S Hojst
5mmo] ¥ 79 FEA A|HE 5EZMA A%
St 60 FRAMSE Aol w3 FHE
£ A7t ey, FE5 F AI7ke] A

E THES F%e Ax T2 gt e
Aoz AyzHgicy,
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g 5 Y FF Aol g Hrte
FEH A8E B o2 FIIEHAPT,
= FHoE FH ZHolE HAA= WHLe

HEFH F& 4T AV o F§ ot
VS Axd HE FFEo] A
Ay Wi, B 8§ @z F§
ZolE HrIEl AA 7Hg 03E wge
FTHES ZHI}= Aolgn & + AP,

Ruyter®} Oysaed?= w32 3 Ao
UM FHEL o= 9] oA = AY
TY3ht}, 2 o] HoldAe W i@
o3 BRE ] FARE HA3) FZAsHA Evn
3ttt

T Aed 2xdA FFE B5F @)
FHEGH FHES 71 Ao, FFH &
%7} %7k dimethacrylated] &%54o] &
7¥etal TR FEAAES] FA40]
/MR g gl FU1skA "o, a3y
Wendt*”& 37Co] 9] 2xoA 23 #39
AAARH vA 9SER 23 G S
Ao)7t o) FojF T o, AF TFA )
3t E5Fe a9 njeksirtn Bastgt

Peutzfeldt® = 233 23 279 daka)
ol diacetyl®} 22 diketone®]\} propanal 59
aldehyde® F7Io2A FHEY ¢S &
E2RE Yeid ¢ gz .

Z-1002 A EF3AA filler2 zirconium
< 7KA3 JeH(EDS, VOYAGER 2100,
NORAN Co.) zirconium< o] F3Ao] F
ofstal Ylof Abgho] w¢- & B R, 4.00)49)
WA ERREE B o]HF fillerd A}
o|Z 2 Aol H]3) 35% 2] ThA: Fe 5329
FTHES 24 28y 9 A4 Fe Y zir-
conium F5% B3 R Ax, Ax F9
E4& ARG, Z-1002 fillerE 79.3wt%
x3etal Qo m(Muffle Furnace, FM 37,
YAMATO), Charisma, Herculite XRV, Pri-
sma TPH$} Veridonfil® 25 WA B2 314
filler2 barium< £ #3t3 JUTHEDS, VOYA-
GER 2100, NORAN Co.). Filler®] %&£, Ve-
ridonfil& A3 A8A 75-762wt% S 1}
el o v (Muffle FM 37, YA-

ojN oX of¥

Furnace,



MATO), A3 BE3Y fillerd] #F9 X
ojo] o8] M2 thE WA BEHE(3.3-4.0)
£ HolA #d. Veridonfil filler?] ol
69.1wt % = (Muffle Furnace, FM 37, YA-
MATO), £ A3 o8-8 UMA 4F9 2
S 53 Aol B3] HA Jepton whARA
EEAE: 19352 ¥ e, fillerd
TFo] AUy Hon ALY ERAEE
7] w&el ol AulFoz zo] HFRSA
Hog, 2 Ay 2 gx9 ¥9% 1mm,
2mm, 3mm, 4mmolA FFE] FAA UA
A vyebgted, $@Eol 3.92% (MC10P,
SARTORIUS) 2 Y™ A 4% A8[1.76-2.55
% (MC10P, SARTORIUS)Joll v} =31, A%
B, ARE, Az 59 B3 4Ax @A
etk 2-1002 4A AFE ukg Ze] F
FE0) BB R OA Fo U L HAee P E
AN £ £ 2.12% (MC10P, SAR-
TORIUS)E X{tt. %=§ Prisma TPHE &
Ao A1 8E HA F FH FEE0) 1.76%
(MC10P, SARTORIUS) = 7% sttt

o]Z ¥ AMAE m|Ro] FFF B dxY
FHE0] BE EAS Y& A B ofhyH,
ZE0 T/EFE FTEFERE T8 9
o FEENCE AEE Hriete AL v
FA A e Aoz AlgE

EE AFAA FFE] B BHEL 1
mmol| A ZA] e S B, ©]& oxygen inhibi-
tion layerd ¥ o=z A€o F3
EE AFAA T Zol immolA Hu9 F
FES BEoeH, 2mmolAdME FHE
#43e2, HF FEA Imm3EY g F
Ao B A= Ao & FHPEL Y
=Y £ 8 Aoz AyzeEn, BRI
B EF AFL 2mmolold FE§E]
XA FAIIEEZ P FHE FEI}=
A%, WNEA] £83tY FHSk & o=
Atg gt

SFZAL AlZEe] WE FEEL AES FF
Aol g} xtol7t glont, 1-2mmolA Ui F-E
202 E U= 402 FRAEE Aol, EF T
Qol7t F/NESFE FZA AITHE AR
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Aol & FHEL ded =80 2 F Uttn
CEigig= ‘

Y3 FF B3 939 FHEY F
Ve $85EY 371 Sutg, oj#j B§
g2 e ARG M FHFFE 53] 98
fillers] ¥=& ZAISAY inlay/onlay*$d,
28 FAYPFE ol &dtodof F9, =¥ F
FrEg FHA %1 SHES F7HA7170
98t cyclopolymerization(ring-opening) &}
73Fo] & dimethacrylate monomerE AH:&
F A0,

F7Y 2 87 100% 9 F8e] o1F9]
AR gkor}, #e @FA diketoneol}
aldehyde 5 H7IstAy, dFA 9 Hl&s
ZR8aL, EAFe] e dFAE A
5, 439 FHES AN 947 A7
o|FojA I o, ZF TFAL AsAY
AA, AF B4, fillerd 24 2 A ¥
Ao B3 ATLFoZ FSFH BF Y
A A A FEEE SME & A
Aoz 7=, ogd B3 5§ #79
FTEHE B3 2ok A&AHQA 77 e
Aoz Alg¥dh

v.d E

BE3 BF 929 Z-100, Charisma, Her-
culite XRV, Prisma TPH®} Veridonfil& ©|
£3}d, #{A ¥, Imm, 2mm, 3mm, 4mm,
5mmolA BIE®, 20%, 40X, 609 FRA}
A b w2} 22t Fourier HE HojM B33
HoeZ FHES S439 S 2 FES
a3t

1 35 BF g2 20%, 40%, 60 F
ZAE A, TF ol uwe As 7t
FHEN F% ZFol7F ANTHP<0.05).

2. 5 B3 A FH BHE FF Hol
ImmiA R @e S3}ES By,

3. 5% B3 A3 1mme £ ZHoldA
A E FHES B 5]/ oVt F
NEFE FHES FAEAY



4, FFY B3 YA

3 Zol 4mmoiA
Z¢Eo) A A3 em, Prisma TPH
£ A3 YA 4F9] AFJAE 5mm
3 ololA F §o] AL FojutAl &3k
o}

. B2AY A7Ee) S8 wEr F/ECl T
7¥atglen, Z-1002 4mm, Charisma® 3
mmo]}ol A, Herculite XRV$} Veridonfil
€ 5mmolA FZAF A7) BAGle] F7
gl f2% o7t YAHP>0.05).
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