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Abstract

Objectives: The purpose of this study was to evaluation the effect of translucency on CAD/CAM
ceramic according to different core/veneer thicknesses. Methods: A total of 42 samples from 2
groups of 7 ceramic cores, each with 3 thickness values (0.8, 1.0, 1.2 mm) were manufactured.
The veneers were also manufactured in 3 thicknesses (0.3, 0.5, 0.7 mm). The group names were
based on the name of the ceramic core (IPS e.Max CAD; LD, and IPS Empress CAD; LR). The
associated number was determined by the combined thickness of the core and veneer: 1 = (0.8
+0.7); 2= (1.0 + 0.5); 3= (1.2 + 0.3). The translucency was measured using a spectrophotometer
and defined via the contrast ratio (CR) and translucency parameter (TP). Two-way ANOVA was
performed to compare the 2 groups (material and thickness). Results: As the core thickness
increased, the TP value also increased, and the CR value (for LR group) decreased. The results
of 2-way ANOVA demonstrated that the thicknesses of different core/veneer combinations
significantly affected the translucency (p<0.05). Conclusions: The different core and veneer
thicknesses affected the translucency of CAD/CAM ceramic.
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Al2Hale 24 sk 1271 917] whizol REE ok Mz A2 Y Al 4= e AR
o1l S s 727} = 789 Nakamura 5122 A2k £717} 1.6 mm o}/go] =|A] &
E-Zo] Mo J&FS 7)xIckar st =5 Vichi 5(312 1.0 mm FA|2] =AE-2 5
Az} 0 g Q121 4 Uotal HAIsIQie). whzel] Aln| X|pa g0 57gat x| af EEof gt 2252
AnA Q=7 Z7kePHA Aleta]e] ARgo] F7ksiTHA4l. o] gt Allefa]2 A4t HiHiol] whha] of2
7HA W 0 2 Yol T3], 11 Foll A= MBS A8oh7] 4L, et Bl &S Y 4 1o,
AT F=E A8 4 3= =T (computer-aided design and computer aided manufacturing) Al
2p] o] AR8-2 A 2517t 5] S71l $hrHe). FHEH Aleb] o 2 S22 ARSE] = A S Al 25U o}t
otk 22| | Zell= 2lst A g0 E(lithium disilicate) - FAF] E (leucite) Al2be] o] 2|2 Lol
o Holt HhER = 5 Ui A] 21 ARgo] F7kstal UTHT.

Alefa]o] 9] Apx|otet 23S o] 7] flofAl= AAx|ote] e nt AL, mRAAZE Mz gl jEE
T2 AT 4= QlojoF HH8]. 53] 5-E2] FeHA B/ AFAX| et FASH tHE7] s BEET
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o= oy 7kx7h Uil 1 FollA] Translucency parameter(TP)2}
B Ssket] 2 ARGEl= W o|tH12]. TPeF CRS S e 54
edge loss &/d=2 A2fsfjoF 213,
2= 84 Hlo|tH14]. g EAIE ARSSH HEEE Al
Sofl Yo HhALE] 7] oF J2F2|7} Aketebia] Blo] &4 4= Sl o] edge losstal sh=t[15], 0]
+ 3749 =0l |2 4= UeH13]. £3], AAx]ol= Adobda} wig Al o] F7ol| wiebA Hlof g
ARt 7oA LERATHG6,17]. o] =gt AR ] o) Aol Al o] Fl= ARkt tha 7] wizol]
18], ZFAotol] 77k 55 ARt | fleiile A& T Fof(core)2t HL o] (veneer)o] 2ol
9 5ttH19]. T3t Fojo] HEER o= At o] Aln)dS 2e-ohs QAT SAlol AlgE HEsh=t
Q3 JejArgo|tH20]. A3ATol|l A= In-ceram, spinell, Empress, Empress2, Procera 2 In
ceram Alumina®| Foje} Hjyole] FAjof whepr] AR wxjpke] HhErg =7t deirickal Haskly
[21], Atonson 5{22] 51019] F7A|2} contrast ratio”F A WAIE UERATE B s o] x5 4
0jAQl 552 AlAsl7] fsliit= Fojet vy ole] REER =7} 52 5tth= Johnston[23]2} Zhang 5
[24]9] A7} AR, oFA7EA] Hoje} v ofo] Aol whe HHER ko] tieh A% /787l 9
3 T4 0 2 o] R0j 2|11 §] O, CAD/CAM All2e]ofl whe g o] Tk A = HE535H A% o] oH20].
wfA] 2 Aol 542 7 =70 Alete o 2 kst Foet Hjyojo] M= thE F Z3to] REEE
of| n)x|= gkl thishA] ke Harak gtk A7 M &2 thE FojelHyole] F72] 23o] 7HE
78 Mleta] o] BEER Tof] 7fo] glttoltt.

LEET

1. A| x| =

B J3Lof|A Foj= Ivoclar VivadentollA #|2H Lithium disilicate ceramic(LD)¥} Leucite
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reinforced ceramic(LR)S A5t ZH2F 0.8 mm, 1.0 mm, 1.2 mm] FAIZ 7704 & 21707} A2t
ACHIPS e.Max CAD LT A2, IPS Empress CAD A2, Ivoclar Vivadent, German). H|U|of= Z2}+2] Fof
of| 44-3-5h= Al2H(IPS e.Max ceram, IPS Empress Esthetic veneer; Ivoclar Vivadent, German)< At
£5t0] 217} 0.3 mm, 0.5 mm, 0.7 mme] FAIZ 7704 & 21702, Foje} #|Ljoj7} & 427 A|2k=] ik
<Fig. 1>. 3019 #2244 A] Lojub= Alwe] HEd2t HARFS dlefsto] 13 mmo| AR 2
O 2 7= 1.2 mm, 1.4 mm, 1.6 mm2 to]oR2 = AL | 2 A ARSI tHDiamonde Blade, Samsung
Clover, Korea). ARt Foj= A ZAIA HH R 440 27800 ket 42351900, A3 H AlE2 o
oJotZE HAZ|E o] g5to] 12 mm HALE Bz AR, HiYols 4453t FIE, HA
ks LLH AAE)= S 1185te], 15 mme] AR 20 2 T/1= 0.7 mm, 0.9 mm, 1.1 mm= Alg]&
2 olgstol Z/datolek. Azt d wuols AlzARe] AAlel whef 2/getglal, 429 wivlol tol
OP%E AA71E of-8sto] 12 mm AR Egoz HASISIT 18]al Fojef Hjujof Ao 2
Z¥zko] Lot S S| Qs £183 HHAAZ|(HRG150; AM technology, Korea)= 600, 800,
1200 grite] Alg]2 Ant7|(SPL 15 Grind-X; Okamoto, Japan) 2 Y-S Anfsiict. 2E AJHL 22
S AASH | sl SF47F R 221t Al 7] (ultrasonic cleaner; Mujigae, Korea)oll 10427+ A 245151
t}. Z¥zke] vy oj= o)) AF-8-she Fojoll A 1.5 mme] T2 TSRl Foje} Hjuoje] £ &
Fhol met 2 5 Fofallrt: 1=(0.8+0.7); 2=(1.0+0.5); 3=(1.2+0.3). ZF Foje} #uo] Afoojl= Axtol=
S AREso] SRS Fal YFAAM Aol Ak Atk 2 Askelal ARze] Yo H=E =
ATH25].
2. £HED
Fojof Huo] AJHO Frlk= YAE wiolAzn[EE offsto] FARIE 3PS SASIH
(QuantuMike digital micrometer, Mitutoyo, Japan).
HEE = o] 279.0 Bttt A|(CM-3600A, Minolta, Japan)2- 0]-&3}0] 24 E]9l.0M <Fig. 2>, CRY
TP= o] Ao 2 =5 ]lct
CR=Y,Y,
TP = (L, L2, e b, 5 L2

Core,
u::,ifer IPS g, Max CAD & ceram IPS empress CAD & Esthetic veneer

Iy | [SEE IIIIIII
.J-. | lﬂ...

120y IIIIIII MEL /A
o Rlnianl | |

Fig. 1. The different core/veneer thickness
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CRE 22 AE B4 BZW(U=42, a=02, b=11) 9Io] Seheske to] AR (V)2 ) Ezat
(=87.0, a'=0.1, =2.8) 9loll 223kS wle] Eatof o]k o] whaje] u]goltt. of7|4 = T4 BE
w0l EEURS 70 2 9 ZhS Lehiick, CR=02 9 £ julaka, CR=1S EE3S ojn)
Bt} [ S ek, as A} SA0) AES Uepilot] +o 2, - AR eh
bris il gate] AER +i A, - GRS Uehick TPE Zlo] 242 WEg st &
the 712 ojujict
3. BAjY

EA AL SPSS 22.0(IBM. 2016,08,13)2 AF&5I11L, BA1A 749 foleL a=0.052 33T
LDe} LR Aol webA] Tojet vy ole] £7|o] Hvtal EFHAE oL, 72| Bto] d¥dE 7t
A =2] ot 7] QJ5lo] ZHEE ttestS AAISHATHP>0.05). CR} TPL] A= Pearson's testS
o]-&5t3itt. LD} LR A o]l whebA] Toj2t | o] o] FAof| uwhE REERE =5 Hws}7| QfsiA] o] Yeix]
AR S A Aok, o T1F0] R =7} TRE ] 5517 floto] Tukeye] AREEATS AAISHATH

ra

T&1t
1.2} A2 S|

Foje} wujo] T2 B+ EFHAE pite <Table 1>3F 2t IPS e.Max CAD Foje} #]U0j0.8
mm/0.7 mm (LD1)2 1.50640.001, IPS Empress CAD Fojo} #luo] 0.8 mm/0.7 mm (LR1)

Fig. 2. CM-3600A, Minolta, Japan

Table 1. Average thickness of specimens of ceramic materials

Group N Thickness(mm) Mean (SD) p*
LD1 7 0.8/0.7 1.50610.001 0.384
LR1 7 0.8/0.7 1.508+0.001 0.384
LD2 7 1.0/0.5 1.5074-0.005 0.052
LR2 7 1.0/0.5 1.5050.001 0.052
LD3 7 1.2/0.3 1.508£0.001 0.058
LR3 7 1.2/0.3 1.503+0.003 0.058
*by t-test
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1.508£0.001.2 S EE ttest A}, -G-0)2H50] 0.3842 A|HO| H FAof wh2 2}o]7} Q= Zlo 2 1t
EFstT IPS e Max CAD Fo1e} #yo] 1.0 mm/0.5 mm (LD2) 1.507+0.005, IPS Empress CAD 0]
o} #jyo] 1.0 mm/0.5 mm (LR2)2 1.505+0.0012 S EE ttest A7}, G-2)8-50] 0.0522 AlH| 3
7+ FAo] w2 zjo)7} 9= 7l 0 2 UrEtTh IPS e Max CAD Foi2} #uo] 1.2 mm/0.3 mm (LD3)
1.5080.001, IPS Empress CAD Foj2} #uof 1.2 mm/0.3 mm (LR3)-2 1.503+0.0032 SHEE
ttest 21}, F-21EE50] 0.05 Hot 222 AJHe) it FAof wE 2to)7} gl A o= Yl

2.2t Aol HIEEE

BRETAE olgsto] A= Z70] ghs o-85te] CR} TPE AWYSH3ITE <Table 2>+ 2+ A1)
FAol| wh2 CR¥}F TP 3h& WERA AL Qlct. CRH TP 5 U735t S| Ujoll A sjujofe] )7} Stk
& RER ot Z716k

3. CR2t TPO| A2H2HA|

£ Aol A Az o] ¥FER =5 LpEl= CRIF TP 7ke] BAIE LotE 7] flsto] AdahaA
A A= <Table 3>1 2tk A= & S e 20)9] ZaaAlE g/dska Ao

4. M= Miztaie] Rzt FH|7t IEE | OjX|= St

=73 Alete) Az ok S7lo] ket CRol 2ol 7} SHEAI S 87] 9ial o] x| Bk AlXjsigick
<Table 4>. £A2] F2/do]| thgt Levenel] A & f-2l&E0] 01002 |4 0,05t 222 582
AR 71 QT o] ullx] EAHEA 2t A2 o] FRES 30.898, §2l8HE-2 0,01k Tt o B 2 Ao o}
£ CRE) 20|} QT £ 4= Ik, S| w3k FZhS 84471010 $218H8-2 0,018 HHo m g Qs =
7 ol ZojetlLiole] 717} ke u CRe) Apol7t girka & 4 ick. it g0 AL CR
ol o3t Y T 7102 Lehey. Tukeyo) ARSEA Ak, 243 77| Lol Zoje}ulujole] 5
7k Az oaky CRLol-2)3t 2lols BT,

FHE7 Alea) g} S0l we} TPol xfol7h QU=AIS 7] 8l o] uilx] BAHEALS Ajieich

Lo

Table 2. CR and Translucency values of different core/veneer thickness Unit: M(SD)
. Mean (SD)

Group N Thickness(mm) CR P

LD1 7 0.8/0.7 0.64 (0.013) 2.41 (0.025)

LD2 7 1.0/0.5 0.65 (0.004) 2.39 (0.013)

LD3 7 1.2/0.3 0.66 (0.013) 2.37 (0.034)

LR1 7 0.8/0.7 0.62 (0.002) 2.47 (0.005)

LR2 7 1.0/0.5 0.64 (0.004) 2 45 (0.009)

LR3 7 1.2/0.3 0.67 (0.005) 40 (0.011)

Table 3. Correlation analysis between CR and TP

Characteristics CR TP
CR 1.000
TP -0.890™* 1.000

**p<0.01 by the pearson’s correlation analysis
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Table 5. Results of a 2-way ANOVA for mean TP values of different core/veneer thickness
(material and thickness) tested

Source Sum of Squares df Mean Square F p*
Material 0.029 1 0.029 76.905 <0.001
Thickness 0.018 2 0.009 24.140 <0.001
Material*Thickness 0.001 2 0.001 1.955 0.156
R*79.0%, adj. R*=76.1%

*by two-way ANOVA

<Table 5>. #4te] 520l tigt Levene] A7 & f2]gt&0] 01302 F2|4F 0.05EH A2 2 57
AR 7P| let. o] gulx] BAREA A} A S0 FEl2 80.771, Fo2E-2 0.01E T 2o B & 5o w}
£ TPo| xfo]7} QIotat & 4= Qlok. | B3 Fghe 25.3540] 1 §o)2hE-2 0.01 Het 2o u & JAe =
| HollAl Zojet #ju oje] FAZ} ThE w) TPL] &po| 7} Attal & 4= Qlct. FAIe A 5.0] w S 4-8-2 TP
of felgt P Frhal & 4= it} Tukey2] AFFEA] At A7J5H T Wollx] Zojet vjujolo] £
7}1.2/0.39}F 1.0/0.5Q1 223} 1.2/0.39}0.8/0.79F 152 TPo]l QlojA] g-2l5t xlo] & B Qirt =L} Fo
o} #jyojo] =7} 1.0/0.52+ 0.8/0.72 TPojl 9lo] 8-2J5t 2lo| S Ho|z] ottt

b <3 |
Zzh gl ot

HEA 71ee] oz dolis =AY Azte] o] Akgo] S7Fsit:. ol2fet ZH=A Alzte) e =
Aol b I HHER rof 2fo)7} A RTH21]. fdolixte M2E AdElsr] flsiA AzaE-e AHES

3 YA REER = oF s A= o] gl 7] whizoll A d7d Aol AlEe] A Ao 2lEsHof sk A%
oJtH2e]. o]2f3t A= A dollA AR WA 4= A, o2iet k= BAEE| Al op|g 4> 9l
tH27]. 2222 2 Atojile A7 gkl web] Uehd= ‘ﬂ—?—%‘E_J Zfo|= BAs| Bt 5H9ict.

Edge loss @2 Y 4> e PRl E, Sdd A ¥ ZES F4do] 27]H ) 2~34) 7]
7WdE 4= QIeH28). Tt s ] FEHEE edge loss TS THAAIZ 4= QITH29). wetba 2 7= 7]
7 3 mm 4 HFFEAE ARES] 217 12 mme] A[THS S75IQIT B3k ZF AJH Alo]ofli= AxtolE
2 Sofl FeHES AlIZ o 2H AT Aloofl st Atete Ha

O

N
2
ill
ol

i

>.

l

n
by

o 3

N
E

Aleb)o] B o] Qg 7] o] AuhE 0 2 Hleka) S 1415 mm 7h W 9
ol Foje} o} =7e] 23S 1.5 mme AR, Tole] FrAle AEAL A
el B4 aiw 0.7 mm 2t wfo.s, 10,12 mm A7g5tic. iUlo}e] £ AlzAl]

r_lF
fU

EO:‘—?—J TP XHEE}J‘:LHI%*AOI A% 5&%771] lHOﬂH HiMOH T7iﬂ7}57}°¥°1| Eﬂﬂw ol 27t
7oz Ueht) 22 AZsAL Al E o2 Fojet sy ole] FAl= 2R A 57} thE A AL H
Ljoje] =7} Z71eloll TPgke] 371t Aoz L}E}U’UrBO] Aaydrete] o) 5 Zietetiats Hyof
o] FAPL Z7Fatoll TPEro] S71sh= UubAQl Z4eke Aed et AR B3t LRw*o] LDZHEC}H TP
Zto] =2 710 @ Lpepgt}, o|aat TPZEe] o) 8tsh] 44 ojA| £, He AxF 2710] 71918 A
o= At 4= QIoH31]. EE3t Nie®} Hickel[32]2] ol A = LD 150l H]s LR &< ¥HEH & glo]
E2 o2 yehith 1 olf= glFHAelAlo| =7t FAto| Eof vsl W mbgolA] Aol R}
wjFo|ct. o5 53 CAD/CAM Azt A2} A, 23t HHEH =5 U7] 93t X|of AAl|efo] #=3}c]zt

o]
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&= QAR A el Hiyeje] £A1S S7HZ 1A, SEHARFI0|E Alhe] Hhe £AL|E A2}
S ARG E o, o] A= ohs HHEHEE AT 4 ke 2S5 ARUTE AelM e FojEot
Hlolo] FAIE o 7M7) S 24 AR5 Z|ot AT 1/39] HHEH =5 F7HA 4= QIS Z o2 AR E
E}.
RZES HUojo] S} 27142 k43 71 0 2 Uehgt). w3k TP}t CRZFS 735 S.9f Abkat
74]5 Ht} o]+= Nogueirat Della Bona[33]9—l At Ax|gtet. Ak A WollA] YR HAE %]
ohut A X7 o 5t =AY Aletle AlEsloRdt 7 oll= Folo] FAE S7IIZ|IAU, FAMCIE A
2H] Bk 2lgrA Aol E b S AREE o, A RE VAN 4 S Aoz AleE
Fojo HHEY o} 7| BAE ZARRE AP Ao A= Azt T771H ;7—‘. -§ofl fsljA] HhErg o]
Zpol7} Qe A0 2 yeRtH12]. 28 2 At Mgt FAo) o Tof| zpol7} gl= Aoz
Uestth. of2ieh Afol= AlxsAte Al 7 B 2442l 71915 Zles /\}Eﬁq
& A7 AR 57 sAte] MRk ARE RN | whZoll BE Aol URESkA7] 7] of ke 7t
A7F A7) whol 5 TRt Allgoll gt 9127} B e 5it. Bl =0f CAD/CAM Az} o] &/ AA 7|t
2783147 REER o) n] )= JFS meltol] 915t SLATLE o] FojHof SHAl.
28
B A= AHeg) Hlgkee) FAlol| whehd HEE o] o)) J3-S Yobir] 9J5le] LD 153} LR
T5 NS B EAIS ol 85t S5t vt 22 282 Lloh
L. LD 253 LR 252 L7 77| Hlolld Hiy o] £V 5715 R =rt S71ske 2oz
Uresteh
2.1D 252 LR 25T REER s W2 710 2 LEpsit.
3.LD ZFT LR 152 Fojet Hu o] £I0] 23t Al 5 0] /g2 Aol ofsfA] R ol S |
X|A] %= o= e
o]5 &3l LD 254} LR 152 Fojet Hjuole] Fe] Z3to] webA] REEg ol ok nlxl= 2
O & Uepth. DB R QgolA A=) Aleb] o & Ajatst 4—*#”4 EYrg gdctuat g
o= Fojet vlyole] FAIE Tafsiof gtrt
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