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1. A=

o] AFel|X= A 25 o} Fo}E o] &3t Lava Frame
Zirconia (3M ESPE, Germany), KaVo Everest (KaVo Everest,
Germany), Digident CAD/CAM Zirconia (Girrbach, Germany)
2 Ahgako] A9 S A Zek 9T (Table 1),

2. ANEME
1) o} A| 2
2+ A2 T/ 0.5 mm, 27 20 mme] tjA3 e

7 A zAke] A Ao whe} Wealod, 7 A 2R 200 %
607e] A1 & AT, Zojo] A2E FoA T 5 )

Table I. Materials used in the study

= Lava Frame Zirconia, KaVo Everest 72| 73-%- 107]] o}
EAZE ARANIIA g1 242 F359 1, YA
107]= A ZARS] A Al of] whe} A3 M 2of] & ] = A
golo] I W22 BN T 24 FHs) 2
o} Z}A o] MZZE FHogt 4= ¢l Digident CAD/CAM
Zirconia - 107§ 9] A|H o e Mxo] B EAE

23] =519t}

2) A %4

2 Am A ZALl A FH e =AE Bt 0.5 mm
T 2 248194 th Lava Frame Zirconia -2 Lava Ceram
(3M ESPE, Germany), KaVo Everest Zirconia = Everest
Zirconium Porcelain (KaVo Everest, Germany), Digident
CAD/CAM Zirconia (Girrbach, Germany)--= Creation ZI
(WilliGeller, Baar, Swiss) =2 & &4 3}

3) 9 it

Al A2 2 1/100 mm T2 7HA] S5 o] 7153 A AH4A]
78 2] 1 (Model No. CD-15CPX, Mitutoyo Corp, Japan)S ©]
&t (Fig. 1) EA159 575 0.5 mmz 233 $
1000-grit SiC paperS ©]-&-3lo] 2 F AnlS 8 }o] *1
S A sl9lTh (Fig 2,3,4). T7 24 & A o] Y5
o} etz 4 591, 5 1915 SA sk

A +S 2570 ulg} Lava Frame ZirconiaZ LZT,
KaVo EverestE KZ+*, Digident CAD/CAM ZirconiaE DZ
oz 9oz =g oM, Foje] Az oo o}
e} M5 FoAG T2 (F)T, T oA & T (—)T
O 2 FE5FSAT (Table | ).
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Zirconia Material Arbitrary Code Type Manufacturer
Lava Frame Zirconia Lz green sintering 3M ESPE, Germany
KaVo Everest Kz green sintering KaVo Everest, Germany
Digident CAD/CAM Zirconia Dz white sintering Girrbach, Germany
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Fig. 1. Digital caliper (Model No. CD-15CPX, Mitutoyo Fig. 2. Samples of Lava Frame Zirconia (Lt: After stain-
Corp, Japan). ing, Rt: Before staining).

Fig. 3. Samples of KaVo Everest Zirconia (Lt: After Fig. 4. Samples of Digident CAD/CAM Zirconia (Lt:
staining, Rt: Before staining). After staining, Rt: Before staining).
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Fig. 5. Spectrophotometer (Model CM-2600d, Minolta, Fig. 6. Spectra Magic software image (CM-S9w,
Japan). Minolta, Japan).
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Zatdth 198 thy EAS FAE T 03 mm=E 2%
o T Aul, xS S APttt 2 DA e A AR
A E o] gate] FAE SH8 1, Avt B &
3kel7] 918t 1000-grit SiC paperE AH-8-3+51 -

Spectrophotometer (Model CM-2600d, Minolta Co., Osaka,
pan) % AH§:3)e] 72 At o, BeAE Aol
S Usre] g8 7|20 2 80 CIE, 1509] £330 2
AHE-E = D65 (6503K) B & AEstla, BY aAaE
E+sle] 2% 3= SCI (Specular Component Included) ®
Hoz, Aokt 106 ZAeSIT Fig 9). 4258 &
9] 5te] Zero 2% BF~E 0]-8-5ko] Zero & A3t
T, EZNARS o] galo] 4] 24 ¢ F,3mme] 24
a2 Al o RAA Z o

Ag Bt 54 45 332 st A4 A|HT AR o
£ 398 53 290l AR TA 2R
Spectra Magic software (CM-S9w, Minolta, Japan) X =2 7124
= o]-&-3to] EA 53T (Fig. 6).

6. A M=ol [HE 4E* X9 24

L, o, b* 540 334 A E 0] HTE Sl
A% %1 BE A2 334 20149 A2 b
ERl = 3] o] H, g 4
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(4L*=L*-L*, da*=a*-a*, 4b*=b*-b%)
= g FoR

7. &4 =4

S48 dde SAA o= AS7] st
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LUk & 28 (General Linear Model) & HHE

=
(Repeated measures ANOVA) #2311 7} Tukey Th5H 9
TS AHESEA

oI

1.2F229| L%, a* b* x| &4
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79| 7% 1Z,DZ,KZ 7+ &A1 2 & 32 VERTH
of ZHAof] M 25 F-ol el] Aglo] LZwto] 7}
& Hol W=r 7P Eskom, DZ(+)we] HErt
ke A o= eyt (Table [, Fig. 7).

a* £A| & 5okl Mz Fo] fiof FHgle] DZ KZ,
LZ T AR e gk Bylom], AA A 02 DZ(+)
o] 7V w2 A& Bt ol A A o= DZ7o]
7V A o] B kS W A2 ] g} (Table [, Fig. 8).

b* x| = Hopol| A2 E HoJdt (+)7e] 4§ DZ,
KZ,1Z & ¢ 2L s B on, 428 Fosl]
Fe ()9 4¢DZLZKZ T £M 2 =2 ghe Ve
Aok AAH =2 DZ(+H)Eo] 7 e £AE U
t}. o= DZwro] 7H S o] Aaks Hlow, A=t
7V Erhe As on| gt} (Table [, Fig. 9).

2. ZF O ZI| AE* x| 24

SHETRE M2 Fol7} TbestAd LZe 3} KZ
& EAZ) FA7105 mm W (+)2} (—)27ke] 4
E* 27} 2421097, 1972 Jebsteh 1eu 85 &
A& o] &alo] Holol] ML Holdl DZie] AF (+)
3} (—)77He] AE* 42 =9.802 VFERGTH (Table 1)

3. Lava Frame Zirconia & L*, a*, b*

L* 2= =AZ] FA7F 0.5 mmY 7% (+) %
(—)7HY] AL 25 03472 2 2}o] 2 Ho|A] ¢gte
W (H)e] -F, =A1ZS] FA7F 04 mm, 0.3 mmE 7}
2% ) AL* X 217037, 1012 v ma AL 7k
2 B9l v, (—)39] AL* A& 242} 143, 4922 o)
TS AAE BAthat b X9 A=A Fo T
el wk (4), () ZFlA el s s E A
© & VERITH (Table [V, Fig. 10, 11, 12). 4E* 2= =4
29| £7)7} 0.5 mmo] A 04 mmZ 7HAE w) (+)7Ee
0.69, (—)-& 27022 YEPsEom, 0.5 mmol A 0.3 mm
2 7228 9 ()T 218, (—)TL 5547 YEhdth
(Table V).

4. KaVo Everest & L*, a*, b*
L* 4= =AF9 FA7F 0.5 mmY 7% (+)72
(7] AL* 53] 02602 2 o] S Kol x| ekt

o}, B 2] A 7hAe] whEl T 7 B A] L* 42X
o] Z7te = Akl AU (H)we] AF =AF
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Table II. Comparison of mean values of L*, a*, b* in each group

Material Shade L* a* b*
LavaFrame (1) 7734 0.97 10.00
(—)  77.68 0.54 10.79
KaVoEverest (1) 7241 1.01 1175
(—) 7267 0.91 9.80
Digident  (+)  71.92 9.17 19.69
CADICAM  (—) 7427 1.28 1438
il
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Lave Frasss Ha'te Esgresl  Digldest
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Fig. 8. Comparison of mean values of a*.

o] =77} 04 mm, 03 mmE 7H4a" v) AL* 52X & 22t
0.50, 1270]91 21, (—)T9] 4L* $x= 747} 155, 0.66
O 2 UERSITE a* b* 2] 9] A9 =A 52 FA A
e} (+), (—)F BFAA frolsi i s o= U
E} ) (Table VI, Fig. 13, 14, 15).

AE* 2 = = Z2] T4 7105 mmol| A 04 mmE 7+
2" (+)7-2 0.86, (—)T2 2012 Ve OH, 0.5
mmoi|A] 03 mm= 74" o (+)7- 2,12, (—)7- 270
© 7 Ve T} (Table V).

5. Digident CAD/CAM Zirconia & L*, a*, b*

L* 4 2AZe] 57071 05 mme) 49 (H)29
(-2 AL* 522352 vl wA 2 2jo] 2 Hglon,

LR A SSIR] 20084 462 4%
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Fig. 7. Comparison of mean values of L*.
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Fig. 9. Comparison of mean values of b*.

()9 A4S, =A== FA7H04 mm, 03 mmE 74"
o] AL* $X= 27} 101, 1.900.2 vl wA $hukek 744
£ Bk 28y (—)7e] A5 =AF] T i
upg} L* =27} Q38 S7hske A dke] #EE o
04 mm, 03 mmz 4" A L* X 242 75.77,
76572 2F 1.50,2.302] 2712 Bt} a* b* 2] 9] A
LZt, KZ7-3} frAbebAl Al 2-2] 77 iAol whet +
T 5o A 2FaEE Aoz #2EQh (Table VI, Fig.
16,17, 18).

AE* 23 = T =] T4 7105 mmol| A 04 mm=E 7+
2 o) ()T 209, (—)TL 41022 YEFE o™, 05
mmef| A 03 mm=E g o) (+)7 415, ()72 601
= UFEFSATH (Table 1X).

=
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Table III. 4 E* values between subgroups of core thickness of 0.5 mm

Table IV. Mean values of L*, a*, b* in Lava Frame Zirconia

Material 4E*

Lava Frame Zirconia 0.97
KaVo Everest 1.97
Digident CAD/CAM Zirconia 9.80

Table V. 4 E* values between porcelain thickness in Lava

Frame Zirconia

Code Thickness AE* p
change(mm)
LZ (+) 0.5-0.4 0.69 0.00
0.5-0.3 2.18 0.00
LZ(—) 0.5-0.4 2.70 0.00
0.5-0.3 5.54 0.00
]
0 !l | h|
2 uE
s
P 0 j
\/; |1 1
— .Ilt.l
o}
thickmsgs i mm]

414

Fig. 11. Mean values of a* in Lava Frame Zirconia.

Shade  Thickness L* a* b*
0.5 mm 77.34 0.97 10.00
(+) 0.4 mm 76.97 0.87 9.57
0.3 mm 76.33 0.72 7.54
0.5 mm 77.68 0.54 10.79
(—) 0.4 mm 76.25 0.29 9.28
0.3 mm 72.76 0.12 8.40
™ T |
[ [ed=
Ly Wi
w IB
R 1
:I T4 J J
n s -

Y R — g

thisknessimmi

Fig. 10. Mean values of L* in Lava Frame Zirconia.
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Fig. 12. Mean values of b* in Lava Frame Zirconia.
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Fig. 13. Mean values of L* in KaVo Everest.
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Fig. 14. Mean values of a* in KaVo Everest.

Table VI. Mean values of L*, a*, b* in KaVo Everest

Shade  Thickness L* a* b*
0.5 mm 72.41 1.01 11.75
(+) 0.4 mm 72.91 0.76 11.16
0.3 mm 74.18 0.46 10.84
0.5 mm 72.67 0.91 9.80
(—) 0.4 mm 74.22 0.66 9.57
0.3 mm 74.88 0.43 8.48

Fig. 15. Mean values of b* in KaVo Everest.

Table VIL. 4 E* values between porcelain thickness in KaVo Everest

Thickness

Code A E* P
change (mm)
KZ (+) 0.5-0.4 0.86 0.00
0.5-0.3 2.12 0.00
0.5-0.4 2.01 0.00
KZ (=)
0.5-0.3 2.70 0.00

ChEtx| o= HstE(R| 2008 467 42

=]
Wi
. 74
L
o ?n | !
i — — |
;ﬂﬂj
"
: 04 o3
Al gl o g e

Fig. 16. Mean values of L* in Digident CAD/CAM
Zirconia.
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Fig. 17. Mean values of a* in Digident CAD/CAM
Zirconia.

Table VIII. Mean values of L*, a*, b* in Digident CAD/CAM Zirconia

Shade  Thickness L* a* b*

0.5 mm 71.92 9.17 19.69

(+) 0.4 mm 70.91 8.46 18.10

0.3 mm 70.02 7.31 16.64

0.5 mm 74.27 1.28 14.38

(—) 0.4 mm 75.77 0.30 10.75

0.3 mm 76.57 0.04 9.01
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o thal ol 212 71 EHe 0% B ATk Aol E
A R0 AT AW oH BEAER T 7
Wl ke 52 %ol Ladth AT TAH o

Ao 5t7] Yot =A) 2" Y3 (CIE; Commission
Internationale de I Eclairage)7} 724 =] A| =] 1T}

UukA © 2 AL8-E = A A (color order system)ol] =
Munsell system¥} CIE L*a*b* systemo] 91 t}. Munsell
ystem A, 5=, A=) 370 WMol 93 3349
Fo wee) A2 Aol TR A o Lol &
Q4 0.2 A2 P Aol ke

o] Ao A A}-&-3F CIE L*a*b* system-S 19761 =4
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Fig. 18. Mean values of b* in Digident CAD/CAM
Zirconia.

Table IX. 4 E* values between porcelain thickness in Digident Zirconia

Code Thickness AE* p
change (mm)
DZ (+) 0.5-0.4 2.09 0.000
0.5-0.3 4.15 0.000
DZ () 0.5-0.4 4.10 0.000
0.5-0.3 6.01 0.000

Zrg 9 gslo o& AFE AozA AA BE Fold
I i 2 A *}ﬁﬂﬂ A= E*—L‘?ﬂ o] gl
A &= KSol| 28] %] 11
z““ﬂr*‘““«l AEE UrE‘ﬂHU% b= 5%%'4?% A< Z*
=& Yeldt} o] 23k CIE L*a*b* 2] ¥+ Munsell
systemoﬂ AR FAlOl, B # 5 A EihE d
2ok =8 9 AHEol s
A HEE Yehll= 4E*gkol tigk sfAdl= B
< A7 o] st W= A 2elAL 5] (ADA)E= 4E*
Frol 24 W& A A T ¢ e VIEH e R 1
3kl glo] o] & o] A-e] 7 F o= ARSIt 1 9]¢
= Johnstonﬁr Kaow= 4247} 3.7 o] sfo| ol A] 74-§- =54
= Yol A 818 7k st skl 2.m, " Crispin &'
4 E*”O] 29 W2 gtor A st 7| e o= At
of, 2 o] 5= A8 7Fe et A syt At
3 B318kS1 3L, O Brien 5% 4E*gko] 1 o]std 4§
Aol AX7F ek, 2 o3t A Ao R 8
7Feshm, 3.7 o< 73% BdA ez gl EE
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o] Aol A= 25 CAD/CAM millingA| AH&-8h= 2] 2
S o} A 2Bl S A5 T whekA] Y gk FA| R SLof
& AlZte Aol 7hsatd Al BAl 542 78]
2ol o] EsHA| Erk g mA ] FA o whE A2
WSS A HY| 9l5te] =AY FAE et A
o] x3tulo] gk o]d Af =AlF FHel AZ
719} Ant efel eJaf Mz} gk W Hr. 2003
50 ®H ] A7} glazingo] A tel| mIX| = GG
o thaf HEsI Tt 152 SCI =% Hk2l o] 7%, SiC
paper Anhr 2} glazing w7+9] CIE L*, a*, b* 472 2] Z}o]
© UEPA] @5k om, 4B 2] & QIR 7hs g AV E Ak
VFERHA] eiskehar abict. wheba] o] A3 ol 4]= 1000
giit-SiC paper2 AvpPH & EFg)sto] A3 & st
FERO ARZ7E Azl nl X = G 3 H 236k

o] AR = Fote] FAE AzAe] 4ol utat
0.5 mm=z 1+ 38131t shg= Wol WA =& 7 #
o] 745 874 0.7 mm, A Ado] @ E = X o] A5
0.5 mme] s} F7 7} @ F-E|}, ul] 5ol o5 s1ofe]
FAZE 05 mmol| A 0.7 mmE SV A E Q1A] 7153k A
25 Apo] & Kol A et ek, 4l 9o oshd =
ofe] T = Pt o3 Y= VA BE F
of Bh= A4 gk ote] FA E A stofof & Aolth”

Devigus©} Lombardi= ¢REA © 2 TAjZ2] 5771 0.5
mm ©]/FY 7% 2| 2511 o} Fofe] Az} 1]7jHrtan
3F31.om 6 o] Aqtof| A Al-8-3} Lava Frame Zirconia 3}
KaVo Everest 7ol X = L & 4 237} Ao xlth uket
A o} A o] M2t EA| ] HF A 2o 7)1 = Qe
= B7keb7] AsiA = ol Bok g A, 5 05 mmE T
AT BAFE F4T T A2E SH e ot gt
O8A] && AF BARS HE N2 AR Ao A
Zol AT 2 = A =W, ofe] Az EA| ] A
Zol] GEFE FA| Z3} whebA] o] Aol M e ok &
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ORIGINAL ARTICLE

Spectrophotometric analysis of the influence to shade

of zirconia core on the color of ceramic

Kihyun Baek, DMD, Yi-Hyung Woo, DMD, MSD, PhD
Kung-Rock Kwon, DMD, MSD, PhD, Hyeong-Seob Kim, DMD, MSD, PhD
Department of Prosthodontics, Division of Dentistry, Graduate School, Kyung Hee University

Statement of problem: At all times people have tried to fabricate tooth restorations using tooth colored materials. Recently, demands for
esthetics, even in restorations requiring strength, has brought a revolution to dentistry and increased use of zirconia. The basic color of zir-
conia is white to ivory. The color can be partially adapted by veneering it with ceramic materials. However, it would be better if the sub-
structure could already be adapted to the basic color shade of neighboring teeth. By adaptation to the basic shade, it can help to reduce the
necessary layer thickness of the veneer ceramic to achieve the desired color. Purpose: The purpose of this study was to spectrophotometri-
cally evaluate the influence of shading of zirconia core on the final shade of all-ceramic restorations using the CIE L*a*b* system. Material
and methods: Core specimens (n = 20 per group) of Lava Frame Zirconia, KaVo Everest Zirconia, Digident CAD/CAM Zirconia were fab-
ricated at 20 mm in diameter and 0.5 mm in thickness. Halves of each groups were shaded in A3 color. These core specimens were veneered
with A3 porcelain of the recommended manufacturer at thickness of 0.5 mm. CIE L*a*b* coordinates were recorded for each specimen
with a spectrophotometer (Model CM-2600d, Minolta, Japan) at 0.5 mm, 0.4 mm, 0.3 mm in thickness. Color differences were calculated
using the equation 4 E* = [(4L*)2+(4a*)2+(4b*)2]1/2. Results: 1. In the case where porcelain layer has a thickness of 0.5 mm, Lava
Frame Zirconia and KaVo Everest group did not show clinically perceived color difference, however Digident CAD/CAM Zirconia group
showed clinically perceived color difference according to shade allowed on core. 2. When the thickness of porcelain layer decreased from
0.5 mm to 0.4 mm, Lava Frame Zirconia and KaVo Everest group did not show clinically perceived color difference, on the other hand
Digident CAD/CAM Zirconia group showed clinically perceived color difference according to shade allowed on core. 3. When the thick-
ness of porcelain layer decreased from 0.5 mm to 0.3 mm, clinically perceived color differences were observed from all three groups.
Conclusions: Ziroconia system, which is possible to allow shade on core, are thought to be much more favorable to reproduce natural shade
compared to systems that is impossible to give shade. Therefore, clinicians ought to choose adequate system for certain clinical situation by
considering above specific character.

Key words: Zirconia core, Shade, Spectrophotometer
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