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7] e 52 9 FAAHoE WA He| #
Foht e ZAER Qletd AR WY = AlgHE ol
FAe] B4 ZolR st ArAQl HE ARt
H3le @oy 22 JAAZEE 7HA 3 QoA A&
Zo| B} at}”

2olg AW EA FAA delM Bol AMdEe
In-Ceram Alumina® 19854 Sadounc 2|8} 7%
Hol & 2 AEE 2R, 470y Fole vt
FHPez ot A Fe Aele Avlad &
A7F AP oledt BAE FE7] A3, MEd
spinell o= magnesium oxide$} aluminum
oxide® T3t WEHAE= F7I8IAA R, &FH]
tof] Hlgle] ¥ g BT FHIde FatE
ol e TAFIZAA Aud 771 S7HE S wh
A2F3Yotg o] &8 Fote] Abgo] FriHa ¢
t}? i F-Eo] R 23 o} Fole In—ceramS A&
e 71EY FPHE AZE A=23Yo} Fot
€ millingst AH8-8ta it Milling %8 ol whabx
green sintering® white sintering® 2 W™ o] =
&2 o OE Ao|2A HAF 2 FAxE 4x
9] zto|7} it

ARG AnfAQl HolA 1 AMgo] F7HE
Aoz dAgE A2373Yole In-Ceram¥® Zo]
A3 71FAZ 22 A&t A millingS.2 A2}
she Ao WE WY Alo|2 Mz FE F A
o2 JZHE

TEEY Axe AvAQ #AFAA us S99
w, oo A& PR 84ZE oY 77 o

Table 1. Materials used in the study

xRt Az Ad 58, 29 27, AHHE shade
guide, =A19] TR} A 2AL =A9] T o A
A BEg] Azl JgE gl oy AE =
Agel Axelnich B3t FF 015 AHE-gol
w2} Fo} zpA| 9] Mo} B ot £EEo Anly
o dFe vlAE aoH, AEE JHF U
Z23 3jAbgo|th P
£ d3E %9 A2ae}l ot AR =A)
Az oJu gt Jgg nlx A tiste] A

[ ATAE o Uy
1. A7HE

& AT e A 251 o} FotE o} &3 A|AH
3%%9 In-Ceram Alumina (Vita Zahnfabrik,
Germany) & AH&-8Ith X 231 o} o} o] &4
A28 0 2 = In-Ceram Zirconia (Vita Zahnfabrik,
Germany), Digident CAD/CAM Zirconia (Girrbach,
Germany), Cercon Zirconia (Dentsply, DeguDent,
Germany) & AH-st] AlHE A &et4 Tt (Table 1)

AxE ARHoZ A3 3 AXNZE £3=
A A2) (Model CM-2600d, Minolta, Japan)E o] &
=

Ceramic Material Code Type Manufacturer

In-Ceram Alumina 1A Al203 Vita Zahnfabnk, Bad
Sackingen, Germany

In-Ceram Zirconia 17 Al203 67%, 7ZrO2 33% Vita Zahnfabrik, Bad

Digident CAD/CAM Zirconia DZ

Cercon Zirconia CZ

(weight %)

white sintering

green sintering

Sdckingen, Germany
Girrbach, Germany

Dentsply, Degudent,
Germany
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2. ANEFIE}

) Lo} A2}

Zy A& T4 0.5mm, 0.7mmZ, 374 20mm 2
taa FHE 2 AzAke AA o wet FAd3HAY
Dttt TAF 10704 F 80719] A8 & A=}
she}. 7} T2 Al (Vitapan shade guide) 425
578, A3 MzE 5744 A&sly] 18] In-Ceram
Alumina®} In-Ceram Zirconia®= A 2AFS] 2] Al u}

2t Al A 29 A3 Az f2] AFAA

2) TA) &4
Zt A5 A2AAN FHehs =AE FE lmm
FAE 489t In-Ceram Alumina®@ In-

Fig. 1. 0.5mm & 0.7mm core thickness samples of
Al shade.

Fig. 3. Spectrophotometer (Model CM-2600d,
Minolta, Japan).
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Ceram Zirconiast< Vitadur alpha (Vita Zahnfabrik,
Germany) & #4392, Digident CAD/CAM
Zirconia (Girrbach, Germany)t Creation ZI
(Willi Geller, Baar, Swiss) =#]2, Cercon Zirconia
(Dentsply, DeguDent, Germany)+ Cercon Ceram
S (Dentsply, DeguDent, Germany) =& 248}
Atk (Fig. 1, 2)

w
ll._

Yool 4

A¥ A)HL In-Ceram Alumina® AT, In-

Ceram Zirconia® 12, Digident CAD/CAM
Zirconia® DZT, Cercon ZirconiaE CZT L2 A%
on, AlE ¢

< & 9 20712 ARt

Fig. 2. 0.5mm & 0.7mm core thickness samples of
A3 shade.
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Fig. 4. Spectramagic software (CM-S9w, Minolta,
Japan).




£ AFoA AHeE EFS4%X = Spectrop-
hotometer Model CM-2600d (Minolta Co., Osaka,
Japan)E Y2 A& oy dLE V)FR
sk FglolH, CIR, 1S09 71591 D65 (6503K) %
Ae AR e, Fgol gl Aol AMH=
27 949l SCI W e g Alokzt 10° 94 &3 3}
At (Fig. 3)

AZzZ2RE A3le zero Y BAE o] &3l
zero A& A, FFHNFE o] &38lc] WA
2743 ¥, 3mme] SHA S AlH| DFAZTH 2
T 3T &% AFE 3= &k 4 AHT AR o
2 F9E 53 Y5 Haas Ttk Sk
€ Spectra Magic software(CM-S9w, Minolta,
Japan) AZEg0] L2 IPE o] &l B3y
o} (Fig. 4)

Al Mz B, CZzo] 7V #31, 1Z, DZ, JA &
SR e g Bk A3 Mz A$ Al Az
o} sl 2 CZTol 7Y & g EIAT,
DZ, 1Z, AT €A 2 W2 S Bath mEfA], 4
9} gglo] CZTel 7V e #e B Wt ¥
%o, 1ATo] 71 vro} W&r} gt} (Table II,
Fig. 5)

2. 2% a* b*

x| =

1z

a'FAe Al Az Ay, [Za-CZT-T1AT-DZ
Z 2AR e $AE ugen, A3 Az 4%,
[Z2-IAT-CZT-DZT €A 2 @& 725 B
VAL 1720l 7V A9 AL HIYLE v
th. (Table II, Fig. 6)

Table II. Comparison of mean value of L*, a*, b* in each group

shade group core thickness L a* b*

I Coram Alumina _0-5mm 75,4266 04588 13.2642

0.7mm 76.8018 0.8615 13.8276

I Coram Zirconia 0.5mm 79.6255 2.5924 14.5780

Al 05 Mo osxs 1474

Digident CAD/CAM. 0 76.6517 0.0033 12,4618

Corcon Zirconia 0.5mm 82.7622 1.1442 14.8941

0.7mm 83.5572 1.0922 15.1567

I Coram Alumina_0-5mm 66.1343 3.8586 20.3504

0.7mm 66.8977 3.6122 19.5643

I Ceram Zisconia 0.5mm 68.7053 5.0102 20.7143

a3 0 S o3 dees  inewe
- Smm . .50 17.81

Digident CAD/CAM. ') 74.6933 1.9802 17.6723

Corcon Zivconia 0.5mm 78.8425 2.8343 19.0709

0.7mm 78.1510 3.0122 19.3022
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Az WAl DZiol 7Hg dske
WA s A RS By &, 348 e
AR AR DZEY A =Tt 7}
ou)gtt}. (Table II, Fig. 7)

3. A% MZof mE AEZL] 2M

L* a* b* $£A= 3xe A 27k AR E 9v|3}
<t AE*E F 7FA] o2 A9l 33k FihelA g
A E YeER & Xl | Ay

AE*= [(AL")*+(Aa%)*+(Ab*)%)"

(AL*=L*-L%, Aa*=a*1-a*z, Ab*=b*1-b*2)
2 s et

In-Ceram Aluminai# In-Ceram Zirconia 7 A}
ole] AE*gke] 71 Zo} Mzol Aolz} b A
o0, In-Ceram Alumina ¥ Cercon Zirconiai
7t = Al shade®} A3 shade ZFo)A 2 xjolE
BEt} In-Ceram Aluminaw# Digident Zirconia
T Atololl Al shade® 2& AE*3S HARH
A3 shadew ®& AE*#E E4dh. 23y, In-
Ceram Alumina$} ¥|w3t ZE FolA 2 o]A9]
AE™ @& VeI SR Q1A 7H5E A& alol &
B3t (Table IV)

DA1-0.5mm
@A1-¢.7mm
WA3-0.5mm
MA3-0.7mm

a* value

NwWw s 0 o

Fig. 6. Comparison of mean value of a*.
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4. 30t FoHof| ihE AE*%rel 24

RE ToAM Al Bxe] 99 A3 MR A R
% ol 7 0.5mme 0.7mm T Ate)e] AE*3:
o] 2 o]ate] FX & Ho] gtz 91A] Jhee Mz
9] zfo] & Holx| &3tt}. (Table V)

5. &4 24

£ 499 BARNE Asix 2 A=sic Az
L* g Ho)AL gdolry] Yol Zom

o
Zol test AT, 3ol T

0.7mm<! Al¥ £ In-Ceram Alumina, In-Ceram

BA1-0.5mm
o A1-0.7mm
WA3-0.5mm
mA3-0.7mm

Fig. 5. Comparison of mean value of L*.
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Fig. 7. Comparison of mean value of b*.




Table III. Statistical analysis of inter-rater reliability of L*, a*, b* within each group

shade group core thickness L* a* b*
I Coram Aluming 0.5mm 0.615095 0.992831 0.706612
0.7mm ~0.31527 0.981775 0.694595
I Coram Zirconia 0.5mm 0.63827 0.986573 0.873185
Al 0.7mm 0.314698 0.988437 0.95135
. 0.5mm 0.610022 0.995546 0.782317
Digident CAD/CAM 0.7mm 0.849622 0.99609 0.926697
Corcon Zirconia 0.5mm 0.821418 0.986985 0.956366
0.7mm 0.7979 0.938214 0.791764
I Coram Aluming 0.5mm 0.97409 0.985632 0.991395
0.7mm -2.04861 0.956275 0.946706
L Coram Zirconia 0.5mm 0.940917 0.975718 0.667196
A3 0.7mm -0.40586 0.957455 0.757141
. 0.5mm 0.962326 0.978049 0.985125
Digident CAD/CAM 0. 7mm 0.866696 0.992187 0.980774
Corcon Zircontia 0.5mm 0.837399 0.989434 0.913173
0.7mm 0.691487 0.988973 0.843166

(0.5: 5=t A9 g% ) 0.5 A== {3t FA=E 7M.
>0.7: FA=IH &S ) 0.9 ¥ TR EE

Table IV. AE™ value between IA group & other Table V. AE* value between core thickness of
groups 0.5mm & 0.7mm
group shade  core thickness AE* shade group AE*
Al 0.5mm 4.89 1A 1.54
IA&DY 0.7mm 3.10 Al 17 0.67
A3 0.5mm 2.84 Dz 0.49
0.7mm 3.49 CZ 0.84
Al 0.5mm 1.78 1A 1.12
IA&DZ 0.7mm 1.62 A3 1Z 1.39
A3 0.5mm 8.33 DZ 0.92
0.7mm 8.19 CZ 0.75
Al 0.5mm 7.55
IA&CY, 0.7mm 6.89
A3 0.5mm 12.81
0.7mm 11.27 V. =z g9l 1ot
AR D £ Aotel ABA 4D FAR
Zirconia TolA F=7t A9 gl 0.5) FY ANAE A7) Yeted FE5-EAHo| AHEEo] $to
UM AlEZE foAb7E slglom, Az AE Aol U, 3¢ 8do] w2 e 22X M EWI]
@9kth 0.7mm %7 ¥ Digident Zirconiaw} 74 53 22 AnA 2271 A7)=e] gk 1980
Cercon Zirconia T4, 71813 0.5mm TA9] A4 Qo HE A9 7] A2 alumina core® ATF
£ RE AR #At glol Az AVl B 2AE GET 5 JRAT A2de RS Hol
sk}, (Table TIT) e TR Rol7kx] Auld &77) E7hgl wat
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In-Ceram ZirconiaZ} 71'#=| 0] Al8-o] F7F= 11 8l
th. 28V, @A) zirconia®] E2]A - oIz A+
B Bol Masx AT Av|Ad g -8k Az
3 Haue 53 Aol

AL EAse Wydde A2 &5 el A4
2 iz 7)Ald o8l SF s FEA ol Y
t} " 712¢] 714 shade guideZ 71F 0.2 €7} o]
A Rl Aese W FRFHoH 2T
A (metamerism) €9 Y& W& 5 v}, wet
A, A zjpole] A#A HIHE Yt A Aol A F
3 & ¢ e 71A7 Baste 3T A A (tris-
timulus colorimeter) ?} #3352 743] (spectropho-
tometer) 7} 7N EEATH Y 714 shade guide &
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S o] g3 Az A o] dAellA 7 Bel AL
453 YA Paul 52L& §tol| g Mz Hrt
o] A@Ao] 26.6% 0l et BFESATA|F o
g A zxo] Byl AEA o] 83.3%= o £ 8t
123 '

Ak o 2 AL&-El= F A (color order system)
ol & Munsell A| ~83} CIE L*a*b* Al 2#lo] it}
Munsell Al2=& v 5¢] vlE ARl A H. Munsell
o ojsf Aetd Aoz MY Wx Axe] 37k ¥
o) oJ3) 3219) AR T A& H o3 ol
FF3te Ag o] 43l AR AL st
Z\—l 0] E}_.4,13*14)

197840 FA =" 4¢3 (Commission
Internationale de J Fclairage)ll 2l3) A= € CIE
systeme 339 A7E L* a*, b*= vt L
< HEE Yelz 0(z%)A 100(34) 7429
T2 B, a* e ANF 549 F=E vehl
o -60914 +807kA]18] AR BAHM, kol (+)
oA HAL (0)o)A AL, (Do ZHE Vet
o} b*e Ay JAo] Y=E vehfn -804
+6071A19] X2 FAHT gro] (+)od FAE,
(0)olH AL (-)o]d HAE epdrt

T EA7e] Aate] o AE'HS B3 Ve
t}. Johnston & Map7t 3.7 olglolH A3 5
ARZ QoA 88 7hsdlthn dth O Brien

FMe ABTO) 103k A% A2} DAk St

3R op
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u]= X 2ke] Al 3 (ADA)= AE*gko] 2% o, A 2}
ol & AT F Qe VIS eE HAt

223YoHZrO2)e 5% 42< 73 e
d, o AFo] 71ed A5, As 2AA Hel
UESEHE Fo| odY Holg 222 ATEAZ
t}® 21234 oke 1170C7HA] P d ©Ab o] A
(monoclinic phase)& 7FA31, 1 o|%}9] 2xoA &
ey Aol A (tetragonal phase) 22 WAL,
2370CHA HeH 2680T 7R E gurde] 4
(cubic phase) 2.2 ZA g}, & F oA 7lel|Al & 2
g 2o o3 FHAFAL dollA DA dor
o] W] 3-5%9 AA o] dojuaA U
A 2EG27F A A7 dEe Held da As
9] AgS T7MATE &S drt wepa], HAol
e TAdl vlEl F2 34 A4S Z2A 9ok

Az AZA NN AHEEHE A23Y ok Al 7HA
e 2 EAshed], 7H £9) AMSE = slip-cast
dele] R 23Yo} 47, Celay system® copy-
milling €2 ¢ g A &sl= A 251 o} £ a8ln
CAD/CAM millingA] AH&-8He X234 o}7} T},
In-Ceram slip 24 9ol Algsl= A 23 ole
67%2] AleOs%} 33%9] ZrO27} E3td Helo B
olt}, CAD/ CAM milling & A23Y°}e In-
Ceram$ A 23 ole} @] AZA| #8 A& 23
< 492 3K ¥, 4T T ZolE ARE
g 9lon, o] Agea A8E Cercon Zirconia®t
Digident CAD/CAM ZirconiaZ} ©] %ol slg=c}.
ol#3t o8 ZH9| 2 Folr} 7| &Y HEEA
ol AHEHY AR & AEE Hole A
3 B2 A7 g3 YA AA T B
QA Foll AHEE7] HElxe Adnld B4 B
A77} o estele} AaEc

o] AgoA A1&E A=2FYol Al2~d] F In-
Ceram Zirconia®t In-Ceram Alumina Alel9] AE*
ol 71g e A AXAPE TY3 2e A=
o] ©AE A5 YiEYD Aoz AyAdEr). o]
R-& Seghi 99 =Al9| thakdt Al 2Ate] whet 8
B9 HZF MzJ} 2o|lE BEW A A=
A#}E woltd w8, In-Ceram Alumina$ In-
Ceram Zirconiat Digident CAD/CAM Zirconia,
Cercon Zirconia®t @2 Fot A7t Az E 2E7] o



Bo) A& 248 & gl A7t Bold 1 &
2] AA BN ool A3 Ho eaE
ok71& 4 gt} WA CAD/CAM millingell 81§ Al
2El e AR FA 2 FolE AFshe Ao] 7kt
of s10te] Mz AFAHE Y 4 A}, o[ oK
2 In-Ceram Alumina®® In-Ceram Zirconia7]
L* a* b* #ol Y% test 27 F2l4do] glo] A4
FFYGR7E de 2HE BHon, Digident
CAD/CAM Zirconia®} Cercon Zirconiar- 5% =
Woll A A|HZE felxi7t glof Mz AdAol il
E 5 Utk

714 shade guide® Adstr] HaA =
HA 1.0mme =A FAE oz 3o 7 net
A, 1.0mm¢ F9 Z=Ad e FEFEREY
Ak zole] FA7A] T3P &4 1.2~1.5mm
o] 2o} A E W= F} £ ATl MW Fo}
ZAZF 0.5mmellA 0.7mmE Z7}8led = M2 #}o]
2 AAT 5 glong o} AAFE 1.5mmelA
1.7mmEZ F7MAE Q1A 73 Az zlole EA
812 et} Douglas 290 23 Aol e Y-
AT 9 A FAE 1.0mm ©1F2E F7H
Ax Azl Mg Holx gttt ¥Hd, O Brien
& Johnston %17 BEY T4} body =4S F
A7t AF FRE Az 43S & & dvhn 2
Exen, o] 5¥& ¢ES ALY AF e F
Ao BEY A2 HFE =4 FEEY Mz
44 9FE 1A ¢ do3 A9t Heffernan
e Fotel A7} FEE] Mkl Tz
A Gkl digtd dpsietl, 9dEes 7}
3 0.5mm FA19] 3ot FAE 7HE ), Fote] F
o whe} thekgt FHEE Rt st

In-Ceram Aluminaw& ZTFO 2 3t YA
A2 EFHS] AE*#E ®lwstle w, Digident
CAD/CAM Zirconia®¥ Cercon Zirconiat™2| 74 --
Al Az METE A3 MZoA A E & Majo] 7}
] A vebsdt}. Douglas B2 28l Al, A2,
A3 Az} Aol Lr*3kel o3l 7HF B& 93 2
et Y &, 9xt 555 JAHE A%
zko] 7} #rt,

dutr o2 A2z e}l FolE AN EA F&
E-2 InCeram Aluminatt EmpressEt}h A vl H

=
NZE

du off
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V.2 B
B AFMe dAl Aol e F oY A2

FAYo} Al~"l (In-Ceram Zirconia, Digident

CAD/CAM Zirconia, Cercon Zirconia)< In-

Ceram Alumina®t M 25 B2ttt 2t Zol A8

o W& Mzel zolg}t Fo} FAE 0.5mmelA

0.7mm= Z7PNHEL BF, ool mE &0 Aol

EHn e v g 2 ZES 4

1. In-Ceram Alumina®} In-Ceram ZirconiawT2|
L* a* b* &2 Y FulolM AlET Rt
o] Az AFA o] w3kt

2.zt & BFIA Zol FAE 0.5mmelA 0.7mm
2 ZVMAE |eto g Q1A 7hedt Az At
o1& Holx] gkttt (AEX(2)

3. 28 428 FEES AR Amd ©nE
EAQAQ Az AolE BHoH, Al MxHr
A3 Az A 1 2ol 7t AA ettt
oliol Az & uf 3o} T Wl w A

28] Aol QARG Alawrit} Al ze] E4o] glo

Aol A} AHEA] o121t BAS s YA s}

ofo} s, zt T Alzdlvich Mzel AdA S 9

g w2 sfodof g Aojr},
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ABSTRACT

SPECTROPHOTOMETRIC ANALYSIS OF THE INFLUENCE OF
ZIRCONIA CORE ON THE COLOR OF CERAMIC

Ahran Pae, D.M.D., M.S.D., Jin Baik, D.M.D., M.S.D., Ph.D.,*
Yi-Hyung Woo, D.M.D., M.S.D., Ph.D., Hyung-Sup Kim, D.M.D., M.S.D., Ph.D.,
Dae-Gyun Choi, D.M.D., D.D.Sc.

Department of Prosthodontics, Division of Dentistry, Graduate School, Kyung Hee University
*Department of Dentistry, Asan Medical Center

Statement of problem: Problem of matching the appearance of porcelain restorations
with the patient' s natural dentition has always been a concern to dental clinicians.
Recently, demands for esthetics, even in restorations requiring strength, has brought a rev-
olution to dentistry and increased use of zirconia. Among the various factors, shade and translu-
cency of the core can significantly affect the overall esthetics of the restoration and
should be considered when selecting an all-ceramic system.

Purpose: The purpose of this study was to spectrophotometrically evaluate the influence
of different zirconia systems and core thickness on the final shade of all-ceramic restora-
tions using the CIEL*a*b* system.

Material and Methods: Core specimens (n = 20 per group) of In-Ceram Alumina, In-
Ceram Zirconia, Digident CAD/CAM Zirconia, Cercon Zirconia were fabricated 20mm in diam-
eter. 10 specimens of each group were fabricated at core thickness of 0.5mm and 0.7mm.
These core specimens were veneered with shade Al & A3 porcelain of the recommended man-
ufacturer. CIEL*a*b* coordinates were recorded for each specimen with a spectrophotometer
(Model CM-2600d, Minolta, Japan). Color differences were calculated using the equation

E*=({(AL*)?+(Aa")?+ (Ab")2)*.

Results.

1. Specimens of core thickness 0.5mm and 0.7mm did not exhibit clinically perceived col-

or difference.

2. Regarding shade reproducibility, In-Ceram Alumina and In-Ceram Zirconia showed sig-

nificant difference within each group.

3. Cercon Zirconia group showed the highest L* value and Digident Zirconia group

showed lowest a* & b* value.

4. Generally, the shade difference between materials was higher in the A3 shade group

than in the Al shade group.
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Conclusion: Within the limitations of this study, there was no color difference after increase
in core thickness and every all-ceramic system has color characteristics that clinicians have
to consider when selecting materials. Also, manufacturers of different porcelain systems must
make every effort to achieve color reproducibility.

Key words : Zirconia core, Spectrophotometer, Shade
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