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Aee F2 AN T Aguold] AT meste} W T ol M5
Av] FEAE Adstes 977 BolAn glow, ojo] Fgate] A=
AEE AR a2 ARHIE AY 5 AR T AR v

v PARE B2

A Azel A 71AA A B ooty A kg E &dE A
of & HFH} FA Fa3 EAolu (Stawarczyk &, 2012; Acar

5, 2016; Chakravarthy %, 2018). Alm] $=X-zj¢] A %E}% T ¢4,
2ol 2 Fd So wet kst A yEhd ¢ ded, MAE Sg

an

=2 EY] A o WA 52 WEHE AA Fo| ofrjd & Ut
(Patel %, 2004; Ertas %, 2006; Schroeder %5, 2019). & #z 714
oF &3

o] Ju3} ek Aty Pele] PRI g Ane FE FTLEE
==

oo gz 72 FIAAE S5 An SEAe A oA FQ 3 o

a— o 4=

i

R

S vA = A} (Dietschi 5, 1994; Alharbi %, 2017; Lee, 2008)
Anl 8o A ek Ade Fotow Hrle 4= QAT colorimeter,

spectrophotometer 2 spectroradiometer 52 4] #H|E o] &3] I

7Fe = 9lom CIE L'ab” Al=dlo® 1% 37+s 488 &+ A

(Bagheri &, 2005). CIE L'a’h" A &3t Al2=®l2 St 7ol AL&-3F=
Munsell 2 2 A e} FAFSHA ddg A AAE Sx2 sto] A F3to|
A e AgErE "ozl AL 17t wollkE e AV|vEe] A A
ol <AE F JA FAEUY. CIE Lab™ oA L™ &S As
o] 817] (lightness)& YERATE L7=00o]W H&Aolw L*=100°]" 3
AS Yebdth g B (ra)d 25 (-a) T o= HoE XS HEAE

20

et 1, b= =% (b)) 3dF (-b) T A=
it} (Chang &, 2012).

Al FEAe] M rgHe BRI T u) FE AEEHE 34 2
SRl HEHOR Au, shel, &, Fek L sl Fol Yor, Ao ¢
Logn 3 59 s slo] £uEe) 4 vl 244 dFe v

AL oy 98 F8 ®aud vk Qo) (Patel 5, 2004; Ertas -5,
2006; Acar &, 2016; Quek &, 2018; Chakravarthy &, 2018). d= ¢}<l
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) 47 A=

TUl-9] 570 AFA A EA]" 10 F9] slo]rE= EES o] 8359
t}. GC (Japan)ol A A3k Cerasmart 2003 =A-73}3 ¢ Cerasmart
300, Yamakin (Japan)olA A3k KZR-CAD HRI} EA-73Eql
KZR-CAD HR3, Tokuyama Dental (Japan)ol| 4] < A]3%+ Estelite Block¥}
EA-738 2l Estelite P Block, Kuraray (Japan)ol 4 ZA]3%F Katana
Avencia Block¥} EA-7+3}3 ¢l Katana Avencia P Block, =W A ZA}
ol wlg]ZFol A 703t Mazic Duro9t E4 74318 <l Duro AceE -9
AF-8-3F A T

Table 1. CAD/CAM hybrid composite resin blocks used in this study

. Ceramic

Code Name Main components fraction

CER2 | Cerasmart 200 BIS_MEPP’.UDMA’ DMA, 71 wt.%
Ba-glass, silica

CER3 | Cerasmart 300 UDMA, Bis-MEPP, 78 wt.%
Ba-glass, silica

- UDMA, TEGDMA, o

KZR KZR-CAD HR $i0,+ALO,+ 210, SiO; 79 wt.%

- UDMA, DEGDMA, o

KZR3 | KZR-CAD HR3 Si0p+ ALO5 20y, SiOy 75 wt.%

EST Estelite Block UDMA, TEGDMA, 75 wt.%

silica, silica—zirconia

Bis—-MPEPP, UDMA,
ESTP | Estelite P Block NPGDMA, silica, 81 wt.%
silica—zirconia filler

UDMA, TEGDMA,

AVE Katana Avencia Block .. . . 62 wt.%
silica, alumina filler

AVEP | Katana Avencia P Block | UDMA, Ba-glass, silica 82 wt.%

MAZ Mazic Duro Bis-GMA, TEGDMA, 771 wt.%

silica, Ba-glass, ZrO,

_5_



DRA Duro Ace UI.)MA’ Bis-EMA, 85 wt.%
silica, Ba—glass

2) AF P

(2-1) A1 4]

1
mm, F7 2mm) ABE 94N Fulsach ARe] EEe 4 s
o] = (SiC) dmkA] (#600, #1000, #1200, # 1500, #2000)Z ©] §3to] =3t
How dAvtstarh @ WO Avkd the AHsIL oWl Avt W
3t 90°7k HES A PGS A AvtE APtk

7t CAD/CAM stolBE|= AXAE #H EE5S AHro|olEs &
(Isomet 1000, Buehler, USA)°o & Awdle]l AlZE (H4 10 mm x 10
3

% oEre el g = o
ZgtaAo FHSF (270 mL) 9 o gk (30
2 gk ohs 1 AIZE B3 wkrlel A T stA
Z3tate] 10% ol eheS FH|8k AL, 500 mL A ZE ek ade] FH5 (270
mL), ol €2 (30mL), 218 A MArg Alg¥+= TFE2 49 Kuromanin
chloride (CAS No. 7084-24-4) 13mg Y1 HgdEo g 2UHE3 e 1
AlZE &b WRkT oA T dskAl EFete] AL H= = THsHA T

(2-3) M A= CIE L'ab” 574

A 2ek Al H-S spectrophotometer (CiXX0, X-rite, USA)E o] &3}
reflectance ZARE2 wjFo] 9= AEHZ L a', b* &S =439

A SAS AT Y AL dgs tiwY AWS VIFoR sy
CIES} 1SO 7] N EE FPoR AEEE D65 BUE A3kl

]
WAL A AMAel SCERER ZAatgnh B4 43 oA
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the A Ag #s S48k 72 AE 9 V)E G (CIE Loanb) &= &FAth
7 AR F Eue 9 A F 31 7 ZA o] A A AL
A wsls AFESA 71E F S g5 AEe 50mL ZYUZE
Hol Al 170 T/ 22 &9 10mLE ¥ 37 C Rty &9
A A S AR dA A F 25, 45, 65, 8F 2 125F) uwt
Aglsteh A fHe 25 AR AZ R AR WA AT

A 71z #FA gHo g A AlHS SAHF 7] A LA Ay
AepolZ Az FHE Holu F/= A ¥

1
5} obel A& o] 3te] A Aol (AE)E TaHeALk

AE" = [(Li-Lo)%*+(a;—ag)*+(b;—h)?]*?

(2-4) ¥ = (Translucency Parameter, TP) =%

TP #2 Al et 2mm F7A9 24 of=d 3 2mm
A AN ofadR AR o F aARANA Lah" s 334
Asto] Fatgks 78 F ol Aol A&t ALttt

AN

TP = [LW—Lb)2+ (aw—ab)2+ (bw—bb)2]0'5

(2-5) "] A2 (microstructure) 32

ZF Al (FA 1mm)E 30 % HE & 4 A3 A ste] At &
0 Z59 AlFste] i

TFAA R M A (S-4700, Hitachi,

Japan)oll A 5k, 10k 2 20k *H =9 vAFRE TF

sfod vl aLshs]
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Fig. 1€ 1253 4 gl

=

7%

A

4 F wAE AR Aol 4
ditol weh Korow A WEHE THY F b A9E At FRS
Z

E=1
of| 5] Cerasmart-2002] 2 W¥3} (AE)7} Cerasmart-3002.tF o =A &2
HR ot fFoJgk Apol= o™ (p>0.05), A W= 330]aE &9
og7 T F gle A=A (Fig. 2). vbd, 10 % of &=l A

Cerasmart-200}%.T} Cerasmart-3000] ©f @2 A WHslE H o} S<t
o7 FET F de Ars ofyAn dE= SRl = 28 A3 A A7
AP A R A Wy Stow P £ Qe F as BRyon,
Cerasmart-200}%.t} Cerasmart-300 Al A 9] A Wa}7l {2314 A
A #HZEAT (p<0.05). o] F dl= oflolA = A 7|Tke] S7HEF5
}JJ 1:ﬂ§]_5__‘_ %—7]-*5‘].}‘_; 0]:/\]-_94 E_O:]]j_' _Q_oﬂoﬂ i]x] Z %‘Xé'(:ﬁ‘l- }_7] ljl—.‘jz—ﬂé

Table 2. Translucency parameter (TP) of samples as a function of
immersion periods in 3 different solutions

Code |Solution| Base 7d 14 d 28 d 42 d 56 d 84 d

DW 11778 | 11.88 | 1218 | 1202 |1222 |11.97 |11.89
£0.15| +0.53| 050 | £0.26| +0.25| £0.51 | #0.13
10% | 11.85 |12.02 |1224 |11.69 |11.82 |1161 |11.81

CERZ | thanol | +033 | +061| 033 | +046| +053| +046| +011
red 1221 [1219 |1193 [1007 | 908 | 805 | 643
wine | +154| +144| +150| 096| +088| +088| =097
Dw | 998 [1010 [ 1020 1023 |1032 | 1002 | 10.16

+050 | +038| +020| 2040| 051 | +033| 038

cprs | 10% | 1064|1137 [1104 | 1088 | 1109 | 1106 | 1096

ethanol | £1.03 | £092| +1.03| 091 | £0.73| +0.71 | #1.35
red 994 11033 |10.10 7.99 7.14 6.44 5.39
wine 1046 | +042 | £062 | +£0.66| +0.22 | 052 | =0.70
DW 1045 | 1082 |10.77 |10.72 |10.84 |10.73 |10.55
£0.19 | +0.26 | £0.29 | £025| +0.27 | £0.27| +0.28
KZR 10 % 9.36 9.72 9.80 9.62 9.72 9.73 9.52
ethanol | 124 | £150| 144 | £155| £142| +142| =#1.58

red 1064 | 10.70 | 10.70 6.60 6.13 6.81 6.87

_8_



wine £0.09 | +012| +0.07| #034| +044| 054 | =0.81

DW 992 |1041 |1039 |1037 |1035 |10.55 |10.19
£0.30 | +0.20 | +£0.21 | £0.19| 018 | £0.34| +0.26

KZR3 10% {1049 |11.04 |11.00 |1091 |10.90 |11.06 |10.62
ethanol | £0.64 | 032 | +054| £045| #031 | 033 | =£0.20

red 1126 | 1144 | 11.24 8.33 8.00 6.66 5.25
wine +1.52 | +148| £133| #099| +0.82| £0.61 | +£0.73

DW 1236 | 1242 | 1253 |1247 |1251 |1251 |12.33
£0.18 | +036| 025 | #045| +0.31| £0.30 | +0.22

EST 10% |1154 | 1166 |11.65 |1165 |11.68 |11.62 |11.36
ethanol | £0.86 | #086| 096 | £0.87| +096| +0.85| =£0.96

red 1179 | 11.89 | 11.76 | 10.58 9.95 9.72 9.70
wine 1047 | 050 | 057 | 2062 | +0.24| £0.55| +0.39

DW 1293 |13.03 |[1295 |1291 |1277 |1290 |1264
+0.57 | +034| 030 | #043| +042| £045| +£0.39

ESTP 10% | 12.82 |1299 |1295 |1283 |1276 |12775 |12.76
ethanol | #0.62 | £0.60| +0.70 | £0.57 | £0.78 | *0.76 | +0.62

red 1225 | 1210 | 12.04 9.71 9.12 9.07 9.00
wine +066 | +0.73| £0.70 | 050 | +0.76 | £0.60 | £0.40

DW 1055 | 1044 |1044 |1049 |1043 |1049 |10.31
+0.38 | +032| 032 | £0.33| +0.30| £0.37| +£0.36

AVE 10% |10.61 |1051 |1042 |1044 |10.44 |1045 |10.39
ethanol | £0.73 | 069 | +0.70 | +0.71 | £0.72| +0.71 | =£0.65

red 10.80 | 1093 |10.81 |10.21 9.80 9.67 9.53
wine $0.19 | +0.32| #0.24| #0.03| +0.08| =#0.08 | =+0.06

DW 1038 | 11.33 | 11.71 |11.84 |1214 |1206 |11.75
+1.26 | +148| £140| +1.62| +1.33 | +1.28| +1.48

AVEP 10% | 1221 | 1337 | 1387 |1398 |14.06 |14.04 |13.76
ethanol | #0383 | #0.89| #0.73| #0.80| £0.68 | +0.88 | =#0.74

red 11.37 | 1219 | 1244 |11.72 |11.15 | 10.69 9.59
wine 1047 | +045| 053 | #0.71 | 053 | 094 | +0.95

DW 1530 | 1593 |1678 |1581 |1574 |1576 | 1549
+0.30 | +0.23 | 016 | £0.13| +0.28| 019 | +£0.34

MAZ 10% | 1453 |15.01 | 1497 |1489 |14.86 |1491 |14.56
ethanol | #0.65 | £0.77| +0.81 | 094 | £087| +0.81 | *0.84

red 1516 | 1543 | 1541 |[1439 |1332 |1294 |11.89
wine +0.37 | +0.40| 046 | £040| +0.56| £0.39 | +£0.43

DW 1021 | 1073 |10.81 |10.73 |10.68 |10.71 | 10.60
1042 | +048 | 056 | £051 | +044| £0.59 | +0.55

DRA 10% |10.00 |1064 |10.62 |10.60 |10.53 |10.46 |10.24
ethanol | £040 | £0.56| +0.57| 051 | £043 | +0.65| =#0.74

red 994 |10.24 | 1034 9.78 9.42 9.36 8.69
wine $0.38 | +0.38| 051 | #046| 042 ] =£0.39 | +0.40
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CER-2 in CER-3 in
DW DW

CER-2 in
ethanol (10%)

CER-3 in
ethanol (10%)

=T

CER-2 in CER-3 in
red wine (e-10%) | red wine (e-10%)
£1 'l | n|l e

KZR in
ethanol (10%)

KZR-3 in
ethanol (10%)

KZR in | KZR-3 in
red wine (e-10%) red wine (e-10%)
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EST in EST-P n
DW DW

EST n | EST-P in
ethanol (10%) ethanol (10%)

ESTin - i EST-P in i
red wine (e-10%) | red wine (e-10%) |

AVE in ,‘ AVE-P in
DW | DW

AVE in Lj : AVE-P in
ethanol (10%) ethanol (10%)

AVE in | AVE-P in
red wine (e-10%) } red wine (e-10%)

(s A et st
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MAZ in DRA in
DW DW

: MAZ in DRA in
| ethanol (10%) ethanol (10%)

| MAZ in DRA in
i - {1000 red wine (e-10%)

Fig. 1. CAD/CAM block specimens after color stability test
(12 weeks).

o, eSS N1
s NS 1A Cerasmart-300% "7 2 FH59 10 %
N AE SHEHEZE fo)d ¥ glo] FAHAL, = oA A
= Algro]l A ashe] wel FHadshe S BAT(p<0.05).

KZR-CAD A3+ % Cerasmart®} FAFSE A W3l SFAS Ho B4
-73tEQl KZR-CAD HR39 A Wslrt KZR-CAD HREUY Zit (Fig.
3). 5olgtAlE KZR-CAD HR2 # = ofQloll A 45 FHE F243%
A sy R Edar Alzke] A @ghel uwhel oFzk A W3} gho] A}
Ao, KZR- CAD HRSoﬂHL AxH oz A Wyt S/ EE S

At

o
oje gt Y siek widI A WA AR FdetA BHEEIA
J":|_;'

_12_



r

ZH9 10% ol go A
QA FASAS A=
s pashs 33

3}%o] KZR- CAD HR H

AE7F A=l (Table 2), 7 A& &
© X7 HERHE S folgh 2ol glo
Skloll Al A 713kl F7bg el utel wHEg
= Bow KZR-CAD HR3¢ ®RHFH %=

22

Estelite Block A8+ %= w4 o2 Cerasmart ¥ KZR-CAD A ¢+
I A %S ®H9tt (Fig. 4). Estelite Blockell H]é] Estelite P
Block?] 2 W37 o 24 #ZHA oY, Cerasmart @ KZR-CAD 4!
At By dA A A wste= Adnh Estelite Block A3+ % #H= ¢
oA A 4 F Fo] g4 A ®WErt vEbEth Estelite Block#
Estelite P Block® %7] ¥HFEEE ZHZF 11.90 + 0619 12.67 + 0.62=
AL ATE S el olghZel HAZ A= {FoF vbEEE W
stz w2 EA] gko, = ekl HAE B9 A 7] FUH
of uwhz} W
P Blocke] wF
Katana Avencia P Block TR/FFoAA% A W7} veston 4
Aol 45 ool YA om 4 Ao Felo] Jhed FEom el
3.3 o] A W3l (AE =3.67)5 XAt} (Fig. 5). Katana Avencia Block
1t} Katana Avencia P Block 10 % ol gF&d] wzkstA wkg-3sle] 3=
2 A WgE BT #HE 9lel A+ Katana Avencia Blockel Bl s
Katana Avencia P Blocke] <] 58] Axe & A WslE ®H<Ql WA
Katana Avencia Block> #HE= 9flolA 8 F Fo% ot A el
d ol AL o] A W (AE=143)5 Hof, A kgAdo] -3 Fo
2 B}l Katana Avencia Block¥} Katana Avencia P Blocke] %71

MEHES §ASRE, SR 10% ol R&ol s X717kl F7ta)

¢

’

o
M
Iz

_13_



A WskE Bl AdYddolv (Fig. 6). A W3t =7 & 49 Eoﬂ H] &
A gFgkor, AA nE = ALY FARRE A= A W
3} ok H}E‘foﬂf\i Mazic Durodl H]&] Duro Ace2] A A 3}7} 34-1: A&
FElo] el 4 Ul olgd A W= BT = epcle] A%
Sl et AAE o FHFF 10% ol ghgol] HA 3 A oAM=
A 713ke] F7hE T frofgh A WSty gl Mazic Duro®] %7]
HEE1E &= (15.00 = 0.54)= Duro Ace (10.05 + 0.37)9] H]ste] AR =3k},
ZO“IET‘T“Q’]’ 10% olgrZel A= R E7E FofebA ¥shs
AAEE, H= epQlo A= A 7]ke] F7hg ol
Li%}{— e B, 53] Mazic Duro
L7F o 24 #EREA

Fig. 7= 1 mm F79 6}O]E
< 30% HF%°“°1]’\1 ﬂﬂo}oq

=
b
=
T
of M
H
H
g
_O|L
X
N

N
g
c
3
>
(@)
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f
o
ol
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~
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12

(a)

10 1 Cerasmart 200

8 v Cerasmart 300

6

4

OI&%&%I%I%I&%III’—%

120 7 14 21 28 35 42 49 56 63 70 77 84
(b)

10

8

6

4

2

0&%%&@&%&% F%

T UL
120 7 1421 283542495663 707784

104 17
] 77

2 6

g 7

§4

S ,

Ol(—%ﬁ% LA L L NN I IR LA B

0 14 21 28 35 42 49 5 63 70 77 84
Immersion periods (day)

Fig. 2. Color change of Cerasmart 200 and Cerasmart 300 as a
function of immersion periods in 3 different solutions: (a) =
deionized water, (b) 10 % ethanol, (c) = experimental red wine.
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12

(a)

10 [ 1KZR-CAD HR
. KZR-CAD HR3
6
4
2

Jofep el o el

)

120 7 14 21 28 35 42 49 356 63 70 77 84

(b)

10

% B M/

T
120 7 14 21 28 35 42 49 356 63 70 77 84

i

103(©)
—~ T 7%
% 6 27 %
8 T //
5 %
S , 7
0 %% T L T L IR L B T
0 7 14 21 28 35 42 49 5 63 70 77 84

Immersion periods (day)

Fig. 3. Color change of KZR-CAD HR and KZR-CAD HR3 as a
function of immersion periods in 3 different solutions: (a) =
deionized water, (b) 10 % ethanol, (c) = experimental red wine.
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Color change (/)

Fig. 4.

12
(a)
10 [ Estelite Block
Estelite P Block

8
6
4
2
OI&%@I%I%I%III%
12 7 14 21 28 35 42 49 5 63 70 77 84

0
1&%#@] F}Wz % 71777] %

T T T T L
71421283542495663707784

120
103(C)
6
4
2

T f T l
0 1421283542495663707784

Immersion periods (day)

Color change of Estelite Block and Estelite P Block as a
function of immersion periods in 3 different solutions: (a) =
deionized water, (b) 10 % ethanol, (c) = experimental red wine.
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12

(@)

10 1 Katana Avencia Block
v Katana Avencia P Block

1NN

T
120 7 14 21 28 35 42 49 356 63 70 77 84

(b)

10

N

120 7 14 21

103(©)

Color change (/E)

N

x0! I

28 35 42 49 5 63 70 77 84

N\

N\g

i

0 14 21

28 35 42 49 56 63
Immersion periods (day)

T 1
70 77 84

Fig. 5. Color change of Katana Avencia Block and Katana Avencia P
Block as a function of immersion periods in 3 different
solutions: (a) = deionized water, (b) 10 % ethanol, (c) = experi-

mental red wine.
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(a)
10 1 Mazic Duro
8 Duro Ace
6
4

Al gl ol

1 L
120 7 14 21 28 35 42 49 56 63 70 77 84

(b)

10
8
6
4
2

il ff cf h

120 7 14 21 28 35 42 49 56 63 70 77 84

103()

g
|
o By F% |

0 7 14 21 28 35 42 49 5 63 70 77 84
Immersion periods (day)

Fig. 6. Color change of Mazic Duro and Duro Ace as a function of
immersion periods in 3 different solutions: (a) = deionized
water, (b) 10 % ethanol, (c) = experimental red wine.
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I
5.00um

2.00um

AVE

(S
5.00um

(Ow]
2.00um
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(-~ o - N

(e
2.00um 0.0 2.00um

Fig. 7. Microstructures of hybrid blocks after 30 % HF solution
treatment (left = conventional block, right = reinforced block).
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o7
B
Tk
o
_&o

ahol

CAD/CAM

1A 4A

afol

3 CAD/CAM

—_
o

il

Ho

bt HE AH 584

A

o T3 Qiolt} (Abu-Bakr 5, 2000; Bagheri 5, 2005).

SEEE

’d-733 CAD/CAM

p=]
=

Aol mEEe] o e

=
[}

SR

il

shol

d-73d CAD/CAM

iy

ML

WEE Pt

A
A

2] o] sl A]

4= At} (Bagheri %,

H] 2 spectrophotometer H+=

=, ¥ Ao A= spectrophotometer

o))
HH

1991).

A==
O,
spectroradiometer”} AF-8 % a1

2005; Khokhar

o

2 CIE (Commission Internationale de 1'Eclairage) L*a"b" 2} 7

taach CIE L'a'h" Al

Xga‘

5, 2000). Al

(Abu-Bakr

N

~

W3t (AE) #t&

20
X

ke

Z

I

il

A9+ (Bagheri &, 2005)

S
&

o2
AL 5

lch mAH o2 AE o] 1wt =9 Az

S

H| 1l

[e)
Hieea

E

A
W3t (ko)) JAAZF 7he

& Ax9

Kl

A
A

=
=

o}
1987; Um &,

=13
=t

o) A} A
Zpol FEoleta &eA Atk (Ruyter

=

}az, 335t =2

S

=
O,

A
A

=
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1991). #H ol CIEo|Al A= 233k CIEDE2000% CIELCH:E AF-&-3

3l Aok AES} CIEDE2000 AEgp+= A= oy tfflo] 7ls3sla =2

FHA S KBtk (Arocha 5, 2014; Lee, 2005). ¥ Ao 7]E9] A
E7 vt §ol3tE S AE F4S o] &3

o,
o
=)
o,

Spectrophotometerol| A A|H 9] L*ah" A AFES ZAHst=

glo] ARt S48 = glow, Mo} HJAZA T {FA ofa™ 7wl
AolA =HE % 9tl. WE (value, lightness) Ao A9 g3t
tE o2 LaellA Tﬂ #holl $1% 3 neutral grays wldo=z A
Fdole A% Stk (Patel &, 2004). =2 A wigro A A Z4S s}
= Aol de 2ol o}, o] AelAE AN uigelA A S
A& o= o] o odHew 74 dB & ZH"ﬂﬁw“jr Aotst =F%=
Huwlesd, S ughe siEEo] Aoz 9o w2l A&s, A4
W o9 T Aol E@AEst AWE Aokl A AR
Aoz HAY (Ertas &, 2006; Ardu &, 2010; Chakravarthy &, 2018).

Quek & (2018) CAD/CAM AEAE d2 8B5S 204 vhgolA 4
42 e W A wWet o 20 #2EAGT Sad B AT A
S 94w AN e BE ol st 4 AFE Z4ste] A W

=

she} W= WSS ALke i

doa L ol % LETh AGAY FEE
Blo] ZASR s wdelA WAL AL, i ks, A e
Fatgtch WAREAY FabE 2 wol m=Eske ¥ A A7 gu
2 ggso] Aop Mo QXA Hrh. olefdk wEHE BFHE,
G 2GR Gol AdA e FAAR] B SA4S AR £
AREE T R el mEtdE AA A HE Av] pEEe] dxs

AF Z4o) D65 B9 AHgdtg e, D5 Fge

%
& #fol7t & ¢ Ao (Wang &, 2011; Lise &, 2018; Ahn -5, 2008).
_I]J
o okslol A 2ol el A (day lighel A4A

E
AR o} Av] FEEe] WAL dosl adde A WA 2l
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IE-A gQlo g o AT 9114 WA aglol=
(degradation), =& A Al Al=®le] F57 dHx 714 44,
o T¢E, 4y A7Is FF F "’F%EJ Arte Fo] Ut (Patel &,
2004; Arocha &, 2014; Quek &, 2018). ¢J 52 QAL +7 A, 2ol
T8 4 io& 55 & 4 9u (Arocha 5, 2014; Acar 5, 2016; Satou
s, 1989). FEE WA A4 el A 8l F oW Aol ¢
8.3 Oé‘f%}% 2= Aol tiefM = v s AAHL A= A
3}to)t} (Stawarczyk 5, 2012; Seyidaliyeva %, 2020). ¥ A= A4
ER %3}04 B7rst7] flete] 9]F-A 2]l = A %@1% S THA =

O{N
r

A, Ze, W= 9}01 el }%—% A Al
] Aol d= gkle] THE w2 WA
2t} (Arocha 5, 2013; Stawarczyk 5, 2012; Topcu 5, 2009; Patel %
2004; Quek -5, 2018). H= ¢le] AF+ ®©U e FEA oY 59
A=y sEss &Rt e F5E Ao s F+ Ao
2}al sk} (Bagheri 5, 2005). & dAFolA= 712 CAD/CAM 3ol H
= B=23 BA-733 CAD/CAM slolHzl= EZo] A oA S
Hlash7] flste] 7hd 2AE & dod|= Aow & s
01%3}04 AFE A = 9lE o] &5 e AT

ﬂ‘: -"@Jro]o o]-g35te] Ay =d, d= oA 4

_

‘3], 2 A A
Al 2~ (kuromanin chloride)
A8 g g 9ol FAF

)
l
—_
w
“:O‘I
X
=
1o
ro

SHS Axstth = ofledl o) A WstE dovl= AL dEs
I Ao o)k 7 71&d o] B3 (degradation)?} Aol W X H
o3k B3l YHor vhde MAvF Az W FHEHE AS

g o) 2l

ATHIL g} (Quek 5, 2018). 3k

g% ol
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2 A CAD/CAM HEAE Yzl duk =58
todl= eRelel ofdk A s JrTh A
= a2 agel xEskd Ax ¥
(cross-linking), #FAa%¥ 4 2 #93%

kA Qo (Mainjot s, 2016; Nguyen &, 2013).

o

_—

e A5/ £5718 §AE WAL F oAb FIY BA
2, Be ATEe dwge] 4 714e ARAAA FAAL 5

3L 3k} (Ferracane %, 1992; Deepa %, 2000; Abu-Bakr &, 2000).
ATl E FAA 10 % olghZel JAAAIZ 8F 5 Al A 3o
2 A Jbsd s WA (AE)o] #E v} (CERS = 1.34, KZR3 =
1.63, AVEP =359, MAZ0 = 1.48). Z18j1} FAsE =52 A W37 gz
TAAE FRIEA7] wFol oekEe] ot A wsiela @A = o
H o} Bagheri 5 (2005)¢] AFoA % 10 % et A Wsl=
zZal SRTFAA et FARRE ol dvkal ¥ arskith. Heras-Roger s
(2016) oenin (FEAJO}H), rutin (ZetHiE) 9o EuzEe i
A= oplel Fet M-S Fojsin oete EElv FERE FSAlA F
A3 3} (copigmentation) & FT7HAIZ Ao 2 oAt AA T, A A
Me 238 oEgo] AMaHE kA Z T H st
=9 QtEAloldo] ofgt M WsE S = TS Felg
U} Hwang & (2018)2 thggh AH=of & Hol A of &
Alobd gollo] =ZHAS W 4F Fo JFAHoE g2l
sh7F el om, 125 %9 StEAoL SHo A= 35 Fof
o A Wt B Ak vk 40 %9 o ghE-o]
% QFEAlol S Ao = 3F Fof 125% StEAJobI Fdo M= 1
Skl 7hsd A WSy vEbgthal Balskik . o]
offgb=zel T Aol 9kl TR, AH 7|7 sl
Azbs B 4 Ak & ATl 10 % ol gkl 3
F& AE 33 o]gte] M ®igE HATh 2 Ao AMEH

=2 4
=2

2 2
o
[z
r
HorE oMoy

o2
T X 4 E
k1

==

o
2
o
Do

O:
N
N
olr
;
=

Ho
S
-
rot

T

e
ol
)
N}
1

A

¢

_VE
_?L
>
o
e

J

>
=
)

Az oo ol
2w oo 9
lo

o 2 2
2L ot

(o o wx AN

>,
kg

F FRe 3249 4 wge

g H
jo 7 wols oqw FoAE FE ool A Wt 1dE

>
)
B2 2 ro dp
X
>
s o Sl
o
f
j’-;
o
o
e
>
g
A

2
o

32
o

_26_

-";rxﬂ-! _k::l 1



SER EN

o

.

(2006)

[€)

Al =

=

=

sk, Ertas

el 73]

1

<t

g)e] el w3

A<

=

(]

—_— = Eﬂm
) o2 E_ﬁ@ﬂd%_d%bﬁwma ST
— = —_ o
WAk TN § ﬂwamﬁﬁfrﬂ1§o7€mﬂ cles H oo A
‘AH .% — ﬂ_‘lﬂ 9 ..w ,w.L s AT os Mri l_ﬁl OO T f— z_o Em, o T ,Dl w ,wu E =
3 - T 0 _
P o %%ﬂcEﬁmw%%M%ﬂﬂoﬁwﬂm%i% x D
Jlo_ )
TH WO T R & B AT Y Aﬁ@ﬂg%A@%LA%a
D = S o N O NS i A - s S I S ﬂ
o= s~ M e § xozlﬂnm/a61rﬂ%ﬂ/4]5 SPICCE T 2o
E ~ 1;01_\LV7AD_!J| ) —_—
= H < = 1 M- %401;% << Ho = sl mo A S o) Ho o~y W
ﬁﬂwﬂW( I S %c%ﬂﬂﬂ@mmﬁﬂwﬂnxlz
R - ! _— oH ! 0 . TN
A %4%% NEM W.w% Mﬁ B %awua i ol AN R N < W (J_i
SR T oo W F E&Maﬂﬂﬂ_o@aﬂoﬂ_@_ PRy
o MR — o T o Eor o B QW % ~ - T T o
o} o i mM ﬂ o Hnn,_ B g W oo w Mo mm T gy o Mﬂ TN °
o —~ T i N oy R o o B o o= 3% o o
— o ° N B e —_ S = = —~— X B oy = ojp
4 T o) e < lo ™ o N m1__/|Ad|77 M o L
Aﬁﬂoiwng%ﬂﬂ%eo%Ha#%%Aj%%sta | W g
| . o o — ) ul { ﬂﬂn‘]}} M. N
5 —~ —_ oji N —
ﬂ%%zza.w_mmﬁ ~ L T TN zoi@ﬁ@mﬂsm
oo X _ e 5w 2 N T TR oo o = =
m B o m 9 0 il T T N R do b B o o T T wr KX W - Wy o= H_A.o
! BT N I N B ST T o d B 8D 7 i
W C T & = N M T o G WET W o N
il Brog o 2 ﬂm N K ow e % Y ~ 95 7 Y T = 5 =
N RS n,waﬂ@AHTwzﬂ%ﬂ@QAﬂu%i@ az s,
— —_— = _ — —_— L
o % o R = 2T o\ . T o T R 2Zm & 9 up "
CC I NMF Nog I} oo L W GO -
1ﬂu.ﬂaﬂo%uddDﬂw%Ho% mm%ﬂrmewﬁr#%ﬂ_d@lb Jodmﬁmﬂ
o X X —_ Ny 5 ! T o of W W o X o
%JM LtﬁzmmﬂqwﬂM%ﬂﬂl g G oreoN TR
BWWﬂ.@rﬁokoWLxH%%Eﬂmﬂﬁa‘@ﬁi%mﬁﬂuﬂﬂﬂqﬂ
oo B B S < P2 T
— 0 — o T X < — ™ W TO T —
< — < = o @ R Mozew !
gsziﬁmimca@,mﬂﬂz busrddersre o«
Mo NoX 8 =~ B W AR oo T
X _— = R O
T RRT KT E

- 27 -



5, 1994; Topcu ‘s, 2009; Patel &, 2004; Vichi &, 2004). HEZAE
o WA bEde FE FFES /189 AR 98 we 9
2 &

T
Srel Fure AAE Ao A N2 @
'cifjl—

OSL‘

Sy ol o &

gt A 9gFs B
12 7]dolv} He -7
& A} (Oysaed 5, 1986). A X

o}
=
uﬂ _/I:%H A= ﬁh;ﬂ
le)
PR

>
N
g3
)

%0,
=
ok

_?L

)

0

&

0Q

=

19

e
oj
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S

S

ol

jukat

b

P

[m

=)

r>~l

il
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X
L e A

%_}H ZF Al %_o Oﬂ

Shintani &, 1985, Um &, 1991),

r>~l
o o

T oo (= (2 P

an)
2

oX
e &
o 2 A

£ i A o
ol

oX,
oo L
12
=

o
o &N
O
_EL

= AEAE gue 9d 53 g A
3ol WMAgTHE A A3} 9k (Satou 5, 1989).

Gajewski & (2012)2 Bis-GMA”} UDMA, TEGDMA % Bis-EMA
ol Al ¥ B2 FES F7dv &=, Bis-GMAS
7F ol iAo r S Wol gste] e A AR
Aoz HAtta AT F4H7] (hydroxyl side group)E 3%
UDMA+= Bis-GMAR Y 54, A= 9 & =7 vobA
7F Aom Aixdoz UDMA & HEAE A 2A7F oA
e F7hH Exev & A 9 S a5 A MAAAS HAA
ATl A= UDMAZF Bis-GMA =
T Sk &3Edd 7IQlstthar FA 3 Th (Pearson &, 1989;
Khokhar &, 1991). T3 tiF&2e] HYXAE 2 AxAE2S BPAY A
AAdd AR Bis-GMA Hti= UDMAE T8 HExw=z ARE3tal
o (Mourouzis %, 2020; Nguyen %, 2013), ¥ A% MAZS

)
> oo o e
_C»rlg
N

o

p V.
fo

Aol & slo]Hg= &5 UDMAES F& dX Aoz et
I e, Ay ﬂo]lj—ﬂll:— £ =9l Mazic Duro®] 4% & Bis-GMA
£ UDMA= diAletar Alegpe] deje] s 72 E4-4359
Duro Ace®l A ¥t frdatAl 744

A8 A Qg Aol A7 e
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, 2006; Ardu

Pd & donw ¥
=

elo] Al A HAg2 A

)
=

ol A

]
=

A7 B AT (Ardu

1

, 2009). ol=lgk ¥

p=2%
[}

2010; Topcu
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—ABSTRACT-

Evaluation of
Color Stability and Transparency
in Reinforced CAD/CAM Hybrid Block

Yeong-Ah Kang, D.D.S.

Department of Dental Biomaterials Science,

Graduate School, Seoul National University

(Directed by Professor Bum-Soon Lim, Ph D.)

Increased interest in aesthetic of dental patients and entering an
aging society, the role of aesthetic restoration materials has become
important not only in the anterior teeth but also in the posterior
teeth. Composite resins and dental ceramics have been selectively
used according to application area as representative aesthetic
restorative material for dental treatments.

The CAD/CAM hybrid composite resin block, which combines the
advantages of the two materials, was introduced, broadening the
scope of aesthetic treatment. Recently, manufacturers have released a
physically reinforced CAD/CAM hybrid composite resin block that can
be applied to posterior area with sufficient mechanical properties to
withstand strong masticatory force. It is assumed that the composition
and microstructure of the block were changed to enhance the
properties. In this paper, we tried to evaluate the impact of such
changes on the aesthetic, especially on color stability, which is the
main characteristic of CAD/CAM hybrid composite resin block.

90 square-shaped (10 mm x 10 mm, thickness 2 mm) samples of
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CAD/CAM hybrid composite resin blocks (Cerasmart 200, Cerasmart
300, KZR-CAD HR, KZR-CAD HR3; Estelite Block, Estelite P Block;
Katana Avencia Block, Katana Avencia P Block, Mazic Duro, Duro
Ace) were prepared and polished (SiC abrasive paper, #2000). Samples
were kept in 3 types of staining solution (distilled water, 10 % ethanol,
experimental red wine) for 12 weeks. To prepare 10 % ethanol, we
put distilled water (270 mL) and ethanol (30 mL) into a 500 mL
triangular flask, sealed them with parafilm, and mixed them evenly
for one hour in the stirrer. 13 mg of kuromanin chloride (CAS No.
7084-24-4), a standard substance used as edible red pigment, distilled
water (270 mL), ethanol (30 mLL) were put in, sealed with parafilm, and
mixed evenly with the stirrer for one hour to prepare experimental
red wine.

A spectrophotometer (CiXX0, X-rite, USA) was used to determine
the color of the samples in CIE L*a"b'system. Color measurements
were performed before staining(baseline), after 1, 2, 4, 6, 8, 12 week
storage in staining solution in 3 different conditions - without any
backgrounds and with white and black background. For each sample,
3 repeated measurements were taken to determine the colorimetric
values. Color change (AE*) and translucency parameter (TP) changes
were calculated. The measured values were statistically analyzed
using Tukey-multiple comparison test (p = 0.05), and the following

results were obtained:

1. Immersion in distilled water or 10 % ethanol made no significant

color or translucency changes (p > 0.05).

2. Immersion in experimental red wine made significant changes on

color and translucency of all samples, specially from after 4 weeks
(p<0.05).

3. In most experimental groups, except for the Mazic Duro/Duro Ace,
physically reinforced blocks were found to have lower color

stability than conventional blocks.
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4, Katana Avencia P Block showed significantly reduced color
stability compared to Katana Avencia Block. Even in distilled
water and 10 % ethanol, Katana Avencia P Block showed visible

color changes and decreased translucency.

5. In experimental red wine, the amount of translucency change in
KZR-CAD HR3 was higher than that of KZR-CAD HR.

6. Estelite Block/Estelite P Block experimental group and the Mazic
Duro/Duro Ace experimental group showed a lower degree of color
change than the others, while the physically reinforced type Duro
Ace showed somewhat higher color stability and better translucency

than the Mazic Duro.

Key words: CAD/CAM hybrid block, physically reinforced, color
stability, translucency, experimental red wine

Student number: 2014-22039
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